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® MOTOROLA 
SMALL-SIGNAL TRANSISTORS, 

FETs AND DIODES 

This publication presents technical information for the several product families that comprise the 
Motorola small-signal semiconductor line. The families include bipolar, field-effect transistors, and diodes. 
These are available in a variety of packages; metal can, plastic, and surface mount. Complete device 
specifications and typical performance curves are given on individual data sheets, which are grouped by 
the various families. 

A quick comparison of performance characteristics is presented in the easy-to-use selector guide in the 
first section. The tables will assist in the selection of the proper device for a specific application. 

Separate sections are included to describe package outline drawings and footprints and product 
reliability and quality considerations. 

The information in this book has been carefully checked and is believed to be accurate; however, no 
responsibility is assumed for inaccuracies. Furthermore, this information does not convey to the purchaser 
of semiconductor devices any license under the patent rights to the manufacturer. 

Motorola reserves the right to make changes without further notice to any products herein. Motorola 
makes no warranty, representation or guarantee regarding the suitability of its products for any particular 
purpose, nor does Motorola assume any liability arising out of the application or use of any product or 
circuit, and specifically disclaims any and all liability, including without limitation consequential or incidental 
damages. "Typical" parameters can and do vary in different applications. All operating parameters, 
including ''Typicals'' must be validated for each customer application by customer's technical experts. 
Motorola does not convey any license under its patent rights nor the rights of others. Motorola products 
are not designed, intended, or authorized for use as components in systems intended for surgical implant 
into the body, or other applications intended to support or sustain life, or for any other application in which 
the failure of the Motorola product could create a situation where personal injury or death may occur. 
Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, 
Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and 
distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees 
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended 
or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or 
manufacture of the part. Motorola and ® are registered trademarks of Motorola, Inc. Motorola, Inc. is an 
Equal Opportunity/Affirmative Action Employer. 

Printed in U.S.A. 
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E-FET is a trademark of Motorola, Inc. 
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About This Revision 

To accommodate the increasing requirements for surface mount components, this publication adds a 
variety of device types in several choices of surface mount packages. 

• Bias Resistor Transistor selections have been expanded to eleven specifications available in three 
package types: SC-59, SOT -23 and SC-70/S0T -323 (Section 2). 

• Expanded portfolio of mid-power SOT -223 devices (Section 2). 

• New series of low-leakage medium-speed switching diodes designed for energy conservation in 
battery-powered applications (Section 5). 

• An offering of the most-needed switching and Schottky diode specifications in the 2-leaded SOD-123 
surface mount package (Section 5). 

It should be noted that medium-power TMOS FETs formerly listed in this data book can now be found 
in the Motorola TMOS Power MOSFET Transistors Device Data book. 
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Motorola Device. Classifications 

~. 
In an effort to provide current information to the customer re'Qarding the status of any given device, 

Motorola has classified all devices into three categories: PreferretNtevices, Current product and Not 
Recommended for New Design products. ~ 

. "-
A Preferred device is a device which is recommended as a first choice for fu e use. These devices are 

"preferred" by virtue of their performance, price functionality, or combination of a . ·butes which offer the 
overall "best" value to the customer. This category contains both advanc~ and matu devices which will 
remain available for the foreseeable future (generally 3 to 5 years). -.... , " 

All Small-Signal transistors, FETs, or Diodes that are classified as a "prefer~ device-have a star symbol 
(*) at the end of the device title on the individual data sheets. ~ 

Device types identified as "current" are not a first choice product for new designs, b will continue to 
be available because of the popularity and/or standardization or volume usage in current production 
designs. These products can be acceptable for new designs but the preferred types are considered better 
alternatives for long term usage. 

Any device that has not been identified as a "preferred device" is a "currenf' device. 

Products designated as "Not Recommended for New Design" may become obsolete as dictated by poor 
market acceptance, or a technology or package that is reaching the end of its life cycle. Devices in this 
category have an uncertain future and do not represent a good selection for new device designs or long 
term usage. 

iv 

All "Not Recommended for New Design" devices have been removed from the data book. In the event 
the device you need is no longer found within an appropriate section of the data book, refer to the 
Replacement Devices index at the back of the book to see if there is a Replacement Part for the device 
in question. 
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Section 1 

Selector Guide 

In Brief ... 
This selector guide highlights semiconductors that are the 

most popular and have a history of high usage for the most 
applications. 

It covers a wide range of Small-Signal plastiC and metal­
can semiconductors. 

A large selection of encapsulated plastic transistors, FETs 
and diodes are available for surface mount and insertion as­
sembly technology. Plastic packages include TO-92 
(TO-226AA), 1 Watt TO-92 (TO-226AE), SOT-23, 
SC-70/S0T-323, SC-59, SOD-123, and SOT-223. Plastic 
multiples are available in 14-pin and 16-pin dual-in-line pack­
ages for insertion applications: SO-14 and SO-16 for surface 
mount applications. 

Metal-can packages are available for applications requir­
ing higher power dissipation or having hermetic require­
ments in TO-18 (TO-206AA) and TO-39 (TO-205AD). 

Motorola Small-Signal Transistors, FETs and Diodes Device Data Selector Guide 
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Bipolar Transistors 

Plastic-Encapsulated 
Transistors 
Motorola's Small Signal TD-226 plastic transistors 
encompass hundreds of devices with a wide variety of 
characteristics for general-purpose, amplifier and switching 
applications. The popular high-volume package combines 
proven reliability, performance, economy and convenience to 
provide the perfect solution for industrial and consumer design 
problems. All devices are laser marked for ease of 
identification and shipped in antistatic containers, as part of 
Motorola's ongoing practice of maintaining the highest 
standards of quality and reliability. 

l ASE 29-05 
TO-226AE 

12 l-WATT (T0-92) 
3 

l ASE 29-04 
TO-226AA 

12 (T0-92) 
3 

Table 1. Plastic-Encapsulated General-Purpose Transistors 

These general-purpose transistors are designed for small-signal amplification from dc to low ratio frequencies. They are 
also useful as oscillators and general-purpose switches. Complementary devices shown where available (Tables 1-4). 

V(BR)CEO 
IT@ IC 

Volls MHz I NPN PNP Min Min mA 

Case 29-04 - TO-226AA (TO-92) 

MPSB099 MPS8599 80 150 10 
MPSA06 MPSA56 80 100 10 
2N441 0 - 80 60 10 
BC546 BC556 65 150 10 
BC546A - 65 150 10 
BC546B BC556B 65 150 10 
MPSA05 MPSA55 60 100 10 

- MPS2907A 60 200 50 
BC182 BC212 50 200(1) 10 
BC237B BC307B 45 150 10 
BC337 BC327 45 210(1) 10 
BC547 BC557 45 150 10 
BC547A BC557A 45 150 10 
BC547B BC557B 45 150 10 
BC547C BC557C 45 150 10 
MPSA20 MPSA70 40 125 5.0 
MPS2222A - 40 300 20 
2N4401 2N4403 40 200 20 
2N4400 2N4402 40 150 20 
MPS6602 MPS6652 40 100 50 
2N3903 2N3905 40 200 10 
2N3904 2N3906 40 250 10 
BC548 - 30 300(1) 10 
BC548A - 30 300(1) 10 
BC548B BC558B 30 300(1) 10 
BC548C - 30 300 10 
2N4123 2N4125 30 200 10 
2N4124 2N4126 25 250 10 
BC338 BC328 25 210(1) 10 

(1) Typical 

Devices listed in bold, italic are Motorola preferred devices. 
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IC 
hFE@le 

NF 
mA I I dB 
Max Min Max mA Max Style 

500 100 300 1.0 - 1 
500 100 - 100 - 1 
250 60 400 10 - 1 
100 120 450 2.0 10 17 
100 120 220 2.0 10 17 
100 180 450 2.0 10 17 
500 100 - 100 - 1 
600 100 300 150 - 1 
100 120 500 2.0 10 14 
100 200 460 2.0 10 17 
800 100 630 100 - 17 
100 120 800 2.0 10 17 
100 120 220 2.0 10 17 
100 180 450 2.0 10 17 
100 380 800 2.0 10 17 
100 40 400 5.0 - 1 
600 100 300 150 - 1 
600 100 300 150 - 1 
600 50 150 150 - 1 
1000 50 - 500 - 1 
200 50 150 10 6.0 1 
200 100 300 10 5.0 1 
100 110 800 2.0 10 17 
100 120 220 2.0 10 17 
100 200 450 2.0 10 17 
100 420 800 2.0 10 17 
200 50 150 2.0 6.0 1 
200 120 360 2.0 4.0 1 
800 100 630 100 - 17 
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Plastic-Encapsulated Transistors (continued) 

Table 1. Plastic-Encapsulated General-Purpose Transistors (continued) 

V(BR)CEO 
IT @ IC 

IC 
hFE@IC VCE(sat) @ IC @ IB 

Volts MHz I A I Max I Volts I mA I mA NPN PNP Min Min mA Max Min mA Max Style 

Case 29-05 - To-226AE (1-WATT T0-92) 

BDB01D BDB02D 100 50 200 0.5 40 400 100 0.7 1000 100 1 
BDC01D BDC02D 100 50 200 0.5 40 400 100 0.7 1000 100 14 
BDB01C BDB02C 80 50 200 0.5 40 400 100 0.7 1000 100 1 
MPS6717 80 50 200 0.5 80 - 50 0.5 250 10 1 
MPSW06 MPSW56 80 50 200 0.5 80 - 50 0.4 250 10 1 

Table 2. Plastic-Encapsulated Low-Noise and Good hFE Linearity 

These devices are designed to use on applications where good hFE linearity and low-noise characteristics are required: 
Instrumentation, hi-fi preamplifier. 

NPN PNP 
V(BR)CEO 

Volts 

Case 29-04 - TO-226AA (To-92) 

-
-

MPS6428 
BC239 
BC550B 
BC550C 
MPSA18 
MPS3904 

-
BC549B 
BC549C 
2N5088 
2N5089(6) 
MPSB521 

(I) Typical 
(2) Min 

2N5087 50 
2N5086 50 

- 50 
- 45 

BC560B 45 
BC560C 45 

- 45 
MPS3906 40 
MPS4250 40 
BC559B 30 
BC559C 30 

- 30 
- 25 

MPS6523 25 

hFE@IC 

Min I Max I 
250 800 
150 500 
250 650 
120 800 
180 450 
380 800 
500 -
100 300 
250 -
200 450 
380 800 
350 -
450 -
300 600 

VT(4) NF(5) IT 
mV dB MHz 

mA lYP Max Typ Style 

0.1 - 2.0 40(2) 1 
0.1 - 3.0 40(2) 1 
0.1 7.0(7) 3.5(8) 100(2) 1 
2.0 9.5 2.0(1) 280 17 
2.0 - 2.5 250 17 
2.0 - 2.5 250 17 
1.0 6.5(1) - 160 1 
10 - 5.0 200(2) 1 
10 - 2.0 - 1 
2.0 - 2.5 250 17 
2.0 - 2.5 250 17 
1.0 - 3.0 50 1 
1.0 - 2.0 50 1 
2.0 - 3.0 - 1 

(4) VT: Total Input Noise Voltage (see BC4131BC414 end BC41518C416 OalaSh .. ts) at RS= 2.0 kil, IC = 200 ~A, VCE = S.OVolt •. 
(S) NF: Noise Figure at RS = 2.0 k!l, IC = 200~, VCE = 5.0 Volt •. f = 30 Hz to 15 kHz. 
(7) Rs = 10 kil, BW = 1.0 Hz, f= 100 MHz 
(S) RS=50011, BW= 1.0Hz, f= 10 MHz 

Devices listed in bold, italic are Motorola preferred devices. 
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Plastic-Encapsulated Transistors (continued) 

Table 3. Plastic-Encapsulated Darlington Transistors 

Darlington amplifiers are cascade transistors used in applications requiring very high-gain and input impedanca. These 
devices have monolithic construction. 

hFE@IC VCE(sat) @ IC & IB ",@IC 

V(BRlCEO IC I Max I Volts I . I 
Min I mA NPN PNP Vots Max Min mA Max mA mA 

Case 29-05 - TQ-226AE (I-WATT T0-92) 

MPSA29 - 100 500 10K - 100 1.5 100 0.1 125 10 
BC373 - 80 1000 10K 160K 100 1.1 250 0.25 100 100 
MPSA27 MPSA77 60 500 10K - 100 1.5 100 0.1 - -
BC618 - 55 1000 10K 50K 200 1.1 200 0.2 150 500 

- MPSA75 40 500 10K - 100 1.5 100 0.1 - -
2N6427 - 40 500 20K 200K 100 1.5 500 0.5 - -
2N6426 - 40 500 30K 300K 100 1.5 500 0.5 125 10 
MPSA14 MPSA64 30 500 20K - 100 1.5 100 0.1 125 10 
MPSA13 MPSA63 30 500 10K - 100 1.5 100 0.1 125 10 
BC517 - 30 1000 30K - 20 1.0 100 0.1 200(1) 10 

Table 4. Plastic-Encapsulated High-Current Transistors 

Style 

1 
1 
1 
17 
1 
1 
1 
1 
1 

17 

The following table is a listing of devices that are capable of handling a higher current range for small-signal transistors. 

V(BRlCEO 
",@IC 

Vots MHz I mA NPN PNP Min Min 

Case 29-05 - TQ-226AE (I-WATT T0-92) 

Case 29-04 - TO-226AA (TQ-92) 

BC489 BC490 80 200/150(1) 50 
BC639 BC640 80 60 10 
MPS651 MPS751 60 75 50 
MPS650 MPS750 40 75 50 
BC368 BC369 20 65 10 

(1) Typical 

Devices listed in bold, italic are Motorola preferred devices. 
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IC 
hFE@IC VCE(sat) @ IC & IB 

mA 
Min I Max I mA 

Volts I I 
Max Max mA mA Style 

1000 60 400 100 0.310.5 1000 100 17 
500 40 160 150 0.5 500 50 14 
2000 75 - 1000 0.5 2000 200 1 
2000 75 - 1000 0.5 2000 200 1 
1000 60 - 1000 0.5 1000 100 1 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 



Plastic-Encapsulated Transistors (continued) 

Table 5. Plastic-Encapsulated High-Voltage Amplifier Transistors 

These high-voltage transistors are designed for driving neon bulbs and indicator tubes, for direct line operation, and for other 
applications requiring high-voltage capability at relatively low coilector current. These devices are listed in order of 
decreasing breakdown voltage (V(BR)CEO). 

V(SR)CEO IC 
hFE@IC VCE(sat) @ IC & IS 

Device Volts Amp I Volts J 1 Type Min Max Min mA Max mA mA 

Case 29-05 - TO-226AE (1-WATT T0-92) - NPN 

Case 29-05 - TG-226AE (1-WATT TG-92) - PNP 

I MPSW92 I 300 0.5 I 25 I 30 0.5 20 2.0 

Case 29-04 - TG-226AA (T0-92) - NPN 

BF844 400 0.3 50 10 0.5 10 1.0 
MPSA44 400 0.3 40 100 0.75 50 5.0 
2N6517 350 0.5 30 30 0.3 10 1.0 
BF393 300 0.5 40 10 0.2 20 2.0 
MPSA42 300 0.5 40 10 0.5 20 2.0 
2N5551 160 0.6 80 10 0.15 10 1.0 

Case 29-04 - TO-226AA (T0-92) - PNP 

BF493S 350 0.5 40 10 20 20 2.0 
2N6520 350 0.5 30 30 0.3 10 1.0 
MPSA92 300 0.5 40 10 0.5 20 2.0 
2N6519 300 0.5 45 30 0.3 10 1.0 
2N5401 150 0.6 60 10 0.2 10 1.0 

Case 29-04 - TG-226AA (T0-92) 

V(SR)CEO IC 
hFE@IC VCE(sat) @ IC & IS 

Volts Amp Volts 
NPN PNP Min Cont Min mA Max mA mA 

BF420 BF421 300 0.5 50 25 2.0 20 2.0 
BF422 BF423 250 0.5 50 25 2.0 20 2.0 

Devices listed in bold, italic are Motorola preferred devices. 
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MHz 
Min 

50 

-
-
40 
50 
50 
100 

50 
40 
50 
40 
100 

fT@IC 

I mA Style 

10 

- 1 
- 1 
10 1 
10 1 
10 1 
10 1 

10 1 
10 1 
10 1 
10 1 
10 1 

fT@IC 

MHz 
Min 

60 
60 

mA Style 

10 14 
10 14 

Selector Guide 
1-5 



Plastic-Encapsulated Transistors (continued) 

Table 6. Plastic-Encapsulated RF Transistora 

The RF transistors are designed for small-signal amplification from RF to VHF/UHF frequencies. They are also used as 
mixers and oscillators in the same frequency ranges. 

V(BR)CEO IC 
hFE@IC 

tr CRElCRB 
Device Volts mA 

.1 I VCE MHz pF 
"TYpe Min Max Min mA V "TYP Max 

Case 29-04 - TG-226AA (T0-92) - NPN 

BF224 30 50 30 7.0 10 600 0.28 
MPSH24 30 50 30 8.0 10 400(2) 0.36 
MPSH20 30 100 25 4.0 10 400(2) 0.65 
MPSH07A(9) 30 25 20 3.0 10 400(2) 0.3 
MPS3866 30 400 10 50 5.0 500(2) -
MPSH11 25 - 60 4.0 10 650(2) 0.9 
MPSH10 25 - 60 4.0 10 650(2) 0.65 
BF199 25 100 40 7.0 10 750 0.35 
BF959 20 100 40 20 10 600(2) 0.65 
MPSH17 15 - 25 5.0 10 800(2) 0.9 
MPS918 15 50 20 8.0 10 600(2) 1.7 
MPS5179 12 50 25 3.0 1.0 2000(3) -
MPS3563 12 50 20 8.0 10 800 1.7 
MPS6595 12 50 25 10 5.0 1200(2) 1.3 

Case 29-04 - TG-266AA (T0-92) - PNP 

Table 7. Plastic-Encapsulated High-Speed Saturated Switching Transistors 

ton & !off @ IC 
V(BRl:;EO 

Device ns 1 ns 1 Vots 
"TYpe Max Max mA Min 

Case 29-04 - TG-226AA (T0-92) - NPN 

2N4264 25 35 10 15 
2N4265 25 35 10 12 
MPS3646 18 28 300 15 
MPS2369A 12 18 10 15 

Case 29-04 - TG-226AA (T0-92) - PNP 

IMPS4258 I 15 I 20 I 10 I 12 
(2) Min 
(3) Max 
(9) AGC Capable 

Devices listed in bold, italic are Motorola preferred devices. 

hFE@IC VCE(sat) @ IC & IB 

Min 1 mA 
VoHs 1 1 Max mA mA 

40 10 0.22 10 1.0 
100 10 0.22 10 1.0 
30 30 0.2 30 3.0 
40 10 0.2 10 1.0 

30 50 0.15 10 1.0 

NF 
dB f 
"TYP MHz Style 

2.5 100 21 
- - 2 
- - 2 

3.2(3) 100 1 
- - 1 
- - 2 
- - 2 
2.5 35 21 
3.0 200 21 

6.0(3) 200 2 
6.0(3) 60 1 
5.0(3) 200 1 
6.0(3) 60 1 
- - 1 

tr@IC 

MHz 1 
Min mA Style 

300 10 1 
300 10 1 
350 30 1 
- - 1 

700 10 

Selector Guid~ 
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Plastic-Encapsulated Transistors (continued) 

Table 8. Plastic-Encapsulated Choppers 

D' r d' d V eVlces are Iste In ecreaslng '(BR)EBO. 

V(BR)EBO IC 
hFE@IC VCE(sal) @ IC & 'B 

Device Volts Amp(1) I Volts I I Type Min Max Min mA Max mA mA 

Case 29-04 - T0-226AA (T0-92) - NPN 

Case 29-04 - T0-266AA (T0-92) - PNP 

I MPS404A I -25 I -150 I 30 -12 -0.2 -24 1.0 

Table 9. Plastic-Encapsulated Telecom Transistors 

These devices are special product ranges intended for use in telecom applications. 

PDmW IC 
hFE@IC@VCE 

Device V(BR)CEO 25°C 
Type Volls Amb 

Case 29-04 - T0-226AA (T0-92) - NPN 

P2N2222A 
PBF259,S(10) 

Case 29-04 - TO-226AA (T0-92) - PNP 

P2N2907A 
PBF493,S(11) 

(1) Typical 
(10) "S" version, hFE Min 60 @ Ie = 20 rnA, veE = 10 v. 
(11) "S'version, hFE Min 40 @ le= 0.1 rnA, VeE = 1.0 V. 

mA 
Coni 

Devices listed in bold, italic are Motorola preferred devices. 

Min 
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I Max I mA I 

for@IC 

MHz 1 Min mA Style 

for 

MHz 
Volls Min Slyle 
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Plastic-Encapsulated 
Multiple Transistors 

The manufacturing trend has been toward printed circuit 
board design with requirements for smaller packages with 
more functions. In the case of discrete components the use of 
the multiple device package helps to reduce board space 
requirements and assembly costs. 

Many of the most popular devices are offered in the 
standard plastic DIP and surface mount Ie packages. This 
includes small-signal NPN and PNP bipolar transistors, 
N-channel and P-channel FETs, as well as diode arrays. 

Specification Tables 

1 
CASE 646-06 

(To-116) 
STYLE 1 

CASE 7518-05 
80-16 

STYLE 4 

The following short form specifications include Quad and Dual transistors listed in alphanumeric order. Some columns denote 
two different types of data indicated by either bold or italic typeface. See key and headings for proper identification. This 
applies to Table 10 and 11 of this section only. 

Ref. PoInt 

Po 
watts 
One 
Ole 

TYPE NO. 10 Only 

Alphanumeric listing 
type numbers 

Identmcatlon Code 

First Letter: Polarity 
C - both type, in multiple device 
N - NPN 
P - PNP 
Second Letter: Use 
A - General Purpose AmpliflOl' 
E - Low Noise Audio Amplitier 
F - Low Noise RF Amplifier 
G - General Purpose Amplifier 

and Switch 
H - Tuned RFnF AmpiHier 
M - Differential Amplitier 
S - High Speed Switch 
o - Darlinglon 

Power Dis~pation specitied at 25°C. Single 
die rating. 
Ref. Point: A - Ambient Temperature 

C - Case Temperature 

Selector Guide 
1-8 

KEY 
hFE1 aVBE ~g NF @ f 

SUbacript Unft -- mV dB 

I hFE2 Max Min Max 

VeE 
@ Ie & ICUnit IC IT Cob bn toff (sat) 

VCE Amp hFE @ IC MHz pF ns ns Volts 1--;;-1 Volts Max Min I Min Max Max Max Max 

Common-emitter Gp - Power Gain 
DC Current Gain. NF - Noise Figure 

I - Test Frequency 
Units for test Current: AUD -10-15 kHz 
A - ampere Frequency Units: 
m - rnA H-Hertz M-MHz 
u-IJA K-kHz G-GHz 

VCE(sat) - Col/ector-Emitter 
Saturation Voltage 

CurrenHlain-Bandwidth IC - Test Current 
Product CUrrent Units: u- \1A 

m-mA 
A - Amp 

hFEllhFE2 - Currant Gain RatIo 

Continuou, (DC) Col1ector Current VaE - Dlflenntlal Bau VoIIagelVaEl - VaE2l. 
DIfIaNntIaI Ampllllers 

1m - tum-on 6me 
bit - tul1Hllltime 

Rated Minimum Collector-Emitter Voltage 
Subscript lallar identifies base tennination 
Ii~ below in order of pralerence. Output Capacitance, oommon-llase. Shown without distincton: 
SUBSCRIPT: Cob - Co11ector-Base C8pacitance 
o - VCEO. open ere - Common-EmiHer Reverse Transfer Capacitance 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 



Plastic-En~apsulated Multiple Transistors (continued) 

Table 10. Plastic-Encapsulated Multiple Transistors - Quad 
The following table is a listing of the most popular multiple devices available in the plastic DIP package. These devices are 
available in NPN, PNP, and NPN/PNP configurations. (See note.) 

hFE1 Ll.VBE Gp NF @ f 

-- mV dB dB 

Po hFE2 Max Min Max 

Watts VCE 
Typ(1) 

One IC IT Cob ton toff (sat) @ IC 
Die VCEO Amp hFE @ IC MHz pF ns ns Volts 

I-IB- IC 
Device 10 Only Volts Max Min I Min Max Max Max Max 

Case 646-06 - To-l16 

MPQ2222A NA 0.65 40 0.5 100 150m 200 8.0 35(1) 285(1) 0.3 10 150m 
MPQ2369 NS 0.5 15 0.5 40 10m 450 4.0 9.0(1) 15(1) 0.25 10 10m 
MPQ2483 NA 0.625 40 0.05 150 1.0m 50 3.0(1) AUO 
MPQ2484 NA 0.625 40 0.05 300 1.0m 50 2.0(1) AUD 
MPQ2907A PA 0.65 60 0.6 100 150m 200 8.0 45(1) 180(1) 0.4 10 150m 
MPQ3467 PS 0.75 40 1.0 20 500m 125 25 40 90 0.5 10 500m 
MPQ3725 NS 1.0 40 1.0 25 500m 250 10 35 60 0.45 10 500m 
MPQ3762 PS 0.75 40 1.5 35 150m 150 15 50 120 0.55 10 500m 
MPQ3798 PA 0.625 40 0.05 150 0.1 m 60 4.0 3.0(1) AUO 
MPQ3799 PA 0.625 60 0.05 300 0.1 m 60 4.0 2.0(1) AUO 
MPQ3904 NG 0.5 40 0.2 75 10m 250 4.0 37(1) 136(1) 0.2 10 10m 
MPQ3906 PG 0.5 40 0.2 75 10m 200 4.5 43(1) 155(1) 0.25 10 10m 
MPQ600i CG 0.65 30 0.5 40 150m 200 8.0 30(1) 225(1) 0.4 10 150m 
MPQ6O()2 CG 0.65 30 0.5 100 150m 200 8.0 30(1) 225(1) 0.4 10 150m 
MPQ6100A CA 0.5 45 0.05 150 1.0m 50 4.0 4.0(1) AUO 
MPQ6426 NO 0.5 30 0.5 10K 100m 125 8.0 - - 1.5 10 100m 
MP06501 CG 0.65 30 0.5 40 150m 200 8.0 30(1) 225(1) 0.4 10 150m 
MPQ6502 CG 0.65 30 0.5 100 150m 200 8.0 30(1) 225(1) 0.4 10 150m 
MP06600A1 CA 0.5 45 0.05 150 1.0m 50 4.0 0.8 20 0.25 10 1.0m 
MP06700 CA 0.5 40 0.2 70 10m 200 4.5 0.25 10 1.0m 
MP06842 CA 0.75 40 0.5 70 10m 300 4.5 45 150 0.15 10 0.5m 
MPQ7043 NA 0.75 250 0.5 25 1.0m 50 5.0 0.5 10 20m 
MPQ7042 NA 0.75 200 0.5 25 1.0m 50 5.0 0.5 10 20m 
MPQ7051 CG 0.75 150 0.5 25 1.0m 50 6.0 0.7 10 20m 
MPQ7093 PA 0.75 250 0.5 25 1.0m 50 5.0 0.5 10 20m 

Table 11. Plastic-Encapsulated Multiple Transistors - Quad Surface Mount 
The following table is a listing of the most popular multiple devices available in the plastic sOle surface mount package. 
These devices are available in NPN, PNP, and NPN/PNP configurations. 

Device 

Case 751B-05 - So-16 

MMPQ2222A 
MMPQ2369 
MMPQ2907A 
MMPQ3467 
MMPQ3725 
MMPQ3799 
MMPQ3904 
MMPQ3906 
MMPQ6700(12) 

(1) Typical 
(12) NPNlPNP 

40 
15 
50 
40 
40 
60 
40 
40 
40 

75 40 500 
40 20 100 
60 50 500 
40 20 500 
60 25 500 
60 300 0.5 
60 75 10 
40 75 10 
40 70 10 

NOTE: Some columns show 2 different types 01 data indicated by either bold or italictypelaces. See key and headings. 

Devices listed in bold, italic are Motorola preferred devices. 

Motorola Small-Signal TranSistors, FETs and Diodes Device Data 

200 
450 
200 
125 
250 
60 
250 
200 
200 

20 
10 
50 
50 
50 
1.0 
10 
10 
10 
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Plastic-Encapsulated 
Surface Mount Transistors 
This section of the selector guide lists the small-signal plastic 
devices that are available for surface mount applications. 
These devices are encapsulated with the latest 
state-of-the-art mold compounds that enhance reliability and 
exhibit excellent performance in high temperature and high 
humidity environments. This package offers higher power 
dissipation capability for small--signal applications. 

,~ 
2 

CASE 318-07 
To-236AB 

SOT-23 

'.-3 

CASE 318E-G4 
SOT-223 

Table 12. Plastic-Encapsulated Surface Mount General-Purpose Transistors 

2 

CASE 3180-03 
5C-09 

1_ 
2 

CASE 419-02 
SC-701S0T-323 

The following tables are a listing of small--signal general-purposEl transistors in the SOT -23 and SC-59 surface mount 
packages. These devices are intended for small--signal amplification for DC, audio, and lower RF frequencies. They also 
have applications as oscillators and general-purpose, low voltage switches. 
Pinout: 1-Base, 2-Emltter, 3-Collector 
Devices are listed in order of descending breakdown voltage. 

Device 

BC846ALT1 1A 65 110 220 2.0 100 
BC846BLTJ lB 65 200 450 2.0 100 
BC817-16LTl 6A 45 100 250 100 200 
BC817-25LT1 6B 45 180 400 100 200 
BC817-40LTl 6C 45 250 600 100 200 
BC847ALTI lE 45 110 220 2.0 100 
BC847BLT1 IF 45 200 450 2.0 100 
BC847CLT1 lG 45 420 800 2.0 100 
MMBT2222ALT1 lP 40 100 300 150 200 
MMBT3904LT1 lAM 40 100 300 10 200 
MMBT4401LT1 2X 40 100 300 150 250 
BC848ALT1 lJ 30 110 220 2.0 100 
BC848BLT1 1K 30 20~ 450 2.0 100 
BC848CLT1 lL 30 420 800 2.0 100 

Case 318-07 - TO-236AB (SOT -23) - PNP 

MMBT8599LTl 2W 80 100 300 1.0 150 
BC856ALT1 3A 65 125 250 2.0 100 
BC856BLT1 3B 65 220 475 2.0 100----
MMBT2907ALT1 2F 60 100 300 150 200 
BC807-16LTl 5A 45 100 250 100 200 

Devices listed in bold, italic are Motorola preferred devices. 

Selector Guide 
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Plastic-Encapsulated Surface Mount Transistors (continued) 

Table 12. Plastic-Encapsulated Surface Mount General-Purpose TranSistors (continued) 
Pinout: 1-Base, 2-Emltter, 3-Collector 
Devices are listed in order of descending breakdown voltage. 

Device 

Case 318-07 - TQ-236AB (SOT -23) - PNP 

BCB07-25LT1 59 45 160 400 
BC807-40LT1 5C 45 250 600 
BC857ALT1 3E 45 125 250 
BC857BLT1 3F 45 220 475 
MMBT3906LT1 2A 40 100 300 
MMBT4403LT1 2T 40 100 300 
BC858ALT1 3J 30 125 250 
BC858BLT1 3K 30 220 475 
BC858CLT1 3L 30 420 800 

Case 3181>-03 - SC-59 - NPN 

MSD601-RT1 YR 25 210 340 
MSD601-STI YS 25 290 460 
MSD602-RT1 WR 25 120 240 
MSDI328-RTI lOR 20 200 350 

Case 3181>-03 - SC-59 - PNP 

MSB709-RT1 AR 25 210 340 
MS9709-STI AS 25 290 460 
MS971Q-QTl CO 25 85 170 
MSB71o-RT1 CR 25 120 240 

Case 419-02 - SC-701S0T-323 -NPN 

I MSDI819A-RT1 ZR 50 210 340 

Case 419-02 - SC-701S0T-323 -PNP 

I MS91218A-RT1 AR 45 310 340 
(1) Typical 

Table 13. Plastic-Encapsulated Surface Mount Bias 
Resistor Transistors for General Purpose Applications 

100 200 
100 200 
2.0 100 
2.0 100 
10 250 
150 200 
2.0 100 
2.0 100 
2.0 100 

2.0 150(1) 

2.0 150(1) 

150 200(1) 

500 200(1) 

2.0 100(1) 

2.0 100(1) 

150 200(1) 

150 200(1) 

2.0 100 

2.0 100 

B~1 (O~T) 
(IN) R2 

E 
(GNO) 

These devices include bias resistors on the semiconductor chip with the transistor. See the BRT diagram for orientation of 
resistors. 

Case 3181>-03 - SC-59 

MUN2211T1 MUN2111T1 8A 6A 50 
MUN2212T1 MUN2112T1 89 69 50 
MUN2213T1 MUN2113T1 8C 6C 50 
MUN2214T1 MUN2114T1 80 60 50 
MUN2215T1 MUN2115T1 8E 6E 50 

Devices listed in bold, italic are Motorola preferred devices. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

35 5.0 100 
60 5.0 100 
80 5.0 100 
80 5.0 100 
160 5.0 100 

10K 10K 
22K 22K 
47K 47K 
10K 47K 
10K ~ 
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Plastic-Encapsulated Surface Mount Transistors (continued) 

Table 13. Plastic-Encapsulated Surface Mount Bias 
Resistor Transistors for General-Purpose Applications (continued) 

Pinout: 1-Base, 2-Emitter, 3-Collector 

Case 3180-03 - SC-59 

MUN2216T1 MUN2116T1 8F 6F 50 160 5.0 100 4.7K ~ 

MUN2230T1 MUN2130T1 8G 6G 50 3.0 5.0 100 1.0K 1.0K 
MUN2231T1 MUN2131T1 8H 6H 50 8.0 5.0 100 2.2K 2.2K 
MUN2232T1 MUN2132T1 8J 6J 50 15 5.0 100 4.7K 4.7K 
MUN2233T1 MUN2133T1 8K 6K 50 80 5.0 100 4.7K 47K 
MUN2234T1 MUN2134T1 8L 6L 50 80 5.0 100 22K 47K 

Case 318-07 - To-236AB (SOT -23) 

MMUN2211LT1 MMUN2111LT1 A8A A6A 50 35 5.0 100 10K 10K 
MMUN2212LT1 MMUN2112LT1 A8B A6B 50 60 5.0 100 22K 22K 
MMUN2213LT1 MMUN2113LT1 A8C A6C 50 80 5.0 100 47K 47K 
MMUN2214LT1 MMUN2114LT1 A8D A6D 50 80 5.0 100 10K 47K 
MMUN2215LT1 MMUN2115LT1 A8E A6E 50 160 5.0 100 10K ~ 

MMUN2216LT1 MMUN2116LT1 A8F A6F 50 160 5.0 100 4.7K ~ 

MMUN2230LT1 MMUN2130LT1 A8G A6G 50 3.0 5.0 100 1.0K 1.0K 
MMUN2231LT1 MMUN2131LT1 A8H A6H 50 8.0 5.0 100 2.2K· 2.2K 
MMUN2232LT1 MMUN2132LT1 A8J A6J 50 15 5.0 100 4.7K 4.7K 
MMUN2233LT1 MMUN2133LT1 A8K A6K 50 80 5.0 100 4.7K 47K 
MMUN2234LT1 MMUN2134LT1 A8L A6L 50 80 5.0 100 22K 47K 

Case 419-02 - SC-70/S0T-323 

MUN5211T1 MUN5111T1 8A 6A 50 35 5.0 50 10K 10K 
MUN5212T1 MUN5112T1 8B 6B 50 60 5.0 50 22K 22K 
MUN5213T1 MUN5113T1 8C 6C 50 80 5.0 50 47K 47K 
MUN5214T1 MUN5114T1 8D 6D 50 80 5.0 50 10K 47K 
MUN5215T1 MUN5115T1 8E 6E 50 160 5.0 50 10K ~ 

MUN5216T1 MUN5116T1 8F 6F 50 160 5.0 50 4.7K ~ 

MUN5230T1 MUN5130T1 8G 6G 50 3.0 5.0 50 1.0K 1.0K 
MUN5231T1 MUN5131T1 8H 6H 50 8.0 5.0 50 2.2K 2.2K 
MUN5232T1 MUN5132T1 8J 6J 50 15 5.0 50 4.7K 4.7K 
MUN5233T1 MUN5133T1 8K 6K 50 80 5.0 50 4.7K 47K 
MUN5234T1 MUN5134T1 8L 6L 50 80 5.0 50 22K 47K 

Table 14. Plastic-Encapsulated Surface Mount Switching Transistors 

The following tables are a listing of devices intended for high-speed, low saturation voltage, switching applications. These 
devices have very fast switching times and low output capacitance for optimized switching performance. 

Pinout: 1-Base, 2-Emltter, 3-Collector 

MMBT2369LT1 
MMST2369ALT1 
BSV52LTI 

Case 318-07 - To-236AB (SOT-23) - PNP 

I MMBT3640LT1 I 2J I 25 

Pinout: 1-Emltter, 2-Base, 3-Collector 
Case 3180-03 - SC-59 - NPN 

I MSC1621Tl RB 20 

Devices listed in bold, italic are Motorola preferred devices. 
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Plastic-Encapsulated Surface Mount Transistors (continued) 

Table 15. Plastic-Encapsulated Surface Mount VHFIUHF Amplifiers, Mixers, Oscillators 

The following table is a listing of devices intended for small-signal RF amplifier applications to VHF/UHF frequencies. These 
devices may also be used as VHF/UHF oscillators and mixers. 

Pinout: 1-Base, 2-Emitter, 3-Collector 

Device Marking 

Case 318-07 - T0-236AB (SOT-23) - NPN 

MMBTH10LT1 3EM 
MMBT918LTI M3B 
MMBTH24LTI M3A 

Case 318-07 - T0-236AB (SOT-23) - PNP 

MMBTH81LT1 3D 
MMBTH69LT1 M3J 

Pinout: 1-Emitter, 2-Base, 3-Collector 
Case 3180-03 - Se-sg - NPN 

MSC2295-8T1 VB 
MSC2295-CT1 VC 
MSC2404-CT1 UC 
MSC3130T1 IS 

Case 3180-03 - SC-59 - PNP 

MSA1022-BT1 
MSA1022-CT1 

(13) Cre 
(14) Cob 

EB 
EC 

V(BR)CEO 

25 
15 
30 

20 
15 

20 
20 
20 
10 

20 
20 

Table 16. Plastic-Encapsulated Surface Mount Choppers 

Ccb(13) 
pFMax 

0.7 
1.7(14) 
0.45 

0.85 
0.35(13) 

1.5(13) 
1.5(13) 
1.0(13) 

-

2.0(13) 
2.0(13) 

GHzMin 

0.65 
0.6 
0.4 

0.6 
2.0 

0.15 
0.15 
0.45 
1.4 

0.15 
0.15 

rnA 

4.0 
4.0 
8.0 

5.0 
10 

1.0 
1.0 
1.0 
5.0 

1.0 
1.0 

The following table is a listing of small-signal devices intended for chopper applications where a higher than normal 
V(BR)CEO is required in the circuit application. 
Pinout: 1-Base, 2-Emitter, 3-Collector 

Device 

I MMBT404ALT1 2N 35 25 30 400 12 

Table 17. Plastic-Encapsulated Surface Mount Darllngtons 

The following table is a listing of small-signal devices that have very high hFE and input impedance characteristics. These 
devices utilize monolithic, cascade transistor construction. 
Pinout: I-Base, 2-Emitter, 3-Collector 
Devices are listed in order of descending hFE. 

Device 

MMBTA14LT1 30 
MMBTA13LTI 30 

Case 318-07 - T0-236AB (SOT -23) - PNP 

I MMBTA64LT1 I 2V I 30 1.5 

Devices listed in bold, italic are Motorola preferred devices. 
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Plastic-Encapsulated Surface Mount Transistors. (continued) 

Table 18. Plastic-Encapsulated Surface Mount Low-Noise Transistors 
The following table is a listing of small-signal devices intended for low noise applications in the audio range. These devices 
exhibit good linearity and are candidates for hi-fi and instrumentation equipment. 
Pinout: 1-Base, 2-Emitter, 3-Collector 
Devices are listed in order of ascending NF. 

MMBT5089LT1 lR 2.0(15) 25 400 - 10 50 
MMBT2484LTl 1U 3.0(15) 60 - 800 10 -
MMBT6428LTl lKM 3.0 50 250 - 10 100 
MMBT6429LTl lL 3.0 45 500 - 10 100 

Case 318-07 - To-236AB (SOT-23) - PNP 

I MMBT5087LT1 20 2.0(15) 50 250 10 40 

(15) Max 

Table 19. Plastic-Encapsulated Surface Mount High-Voltage Transistors 
The following table is a listing of small-signal high-voltage devices designed for direct line operation requiring high voltage 
breakdown and relatively low current capability. 
Pinout: 1-Base, 2-Emitter, 3-Collector 
Devices are listed in order of descending breakdown voltage. 

Device V(BR)CEO 

Case 318-07 - TO-236AB (SOT -23) - NPN 

MMBT6517LT1 
MMBTA42LT1 
MMBT5551LT1 

350 
300 
160 

Case 318-07 - To-236AB (SOT -23) - PNP 

MMBT6520LT1 
MMBTA92LT1 
MMBT5401LT1 

350 
300 
150 

Table 20. Plastic-Encapsulated Surface Mount Drivers 

The following is a listing of small-signal devices intended for medium voltage driver applications at fairly high current levels. 
Pinout: 1-Base, 2-Emitter, 3-Collector 

Device V(BR)CEO 

Case 318-07 - To-236AB (SOT -23) - NPN 

MMBTA06LT1 
BSS64LTl 

80 
80 

Case 318-07 - TO-236AB (SOT -23) - PNP 

BSS63LTl 
MMBTA56LT1 

100 
80 

Devices listed in bold, italic are Motorola preferred devices. 
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Plastic-Encapsulated Surface Mount Transistors (continued) 

Table 21. Plastic-Encapsulated Surface Mount General Purpose Amplifiers 
Pinout: 1-Base, 2-Collector, 3-Emitter, 4-Collector 

Device V(BR)CEO 

Case 318E-04 - SOT-223 - NPN 

I BCP56T1 BH 80 

Case 318E-04 - SOT-223 - PNP 
Pinout: 1-Gate, 2-Drain, 3-Source, 4-Draln 

I BCP53Tf AH 80 

Table 22. Plastic-Encapsulated Surface Mount Switching Transistors 
Pinout: 1-Base, 2-Collector, 3-Emitter, 4-Collector 

Device 

Case 318E-04 - SOT -223 - NPN 

I PZT2222AT1 Pl F 35 285 

Case 318E-04 - SOT -223 - PNP 

I PZT2907ATf P2F 45 100 

Table 23. Plastic-Encapsulated Surface Mount Darllngtons 
Pinout: 1-Base, 2-Collector, 3-Emitter, 4-Collector 

Device 

Case 318E-04 - SOT-223 - NPN 

BSP52Tf 
PZTA14T1 

Case 318E-04 - SOT -223 - PNP 

BSP62Tf 
PZTA64T1 

40 

60 

Table 24. Plastic-Encapsulated Surface Mount High-Voltage Transistors 
Pinout: 1-Base, 2-Collector, 3-Emitter, 4-Collector 

Device 

Case 318E-04 - SOT -223 - NPN 

BSP19AT1 SP19A 350 40 
PZTA42T1 P1D 300 40 
BF720Tf BF720 250 50 
BSP20ATf SP20A 250 40 

Case 318E-04 - SOT -223 - PNP 

PZTA96T1 ZTA96 450 50 
PZTA92Tf P2D 300 40 
BSP16Tf BSP16 300 30 
BF721Tf BF721 250 50 

Devices listed in bold, italic are Motorola preferred devices. 

Motorola Small-8ignal Transistors. FETs and Diodes Device Data 

40 

40 

100 

100 

250 

25 

300 

300 

- 20 
- 10 
- 10 
- 20 

150 10 
- 10 

150 10 
- 10 

20 

50 

150 

150 

300 

200 

70 
50 
60 
70 

50 
50 
15 
60 
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Plastic-Encapsulated Surface Mount Transistors (continued) 

Table 25. Plastlo-Encapsulated Surface Mount High Current Transistors 
Pinout: 1-Base, 2-Collector, 3-Emitter, 4-Collector 

Device 

Case 318E-04 - SOT -223 - NPN 

PZT651T1 
BCP68T1 

Case 318E-04 - SOT -223 - PNP 

PZT751T1 
BCP69T1 

Devices listed in bold, italic are MOlorola preferred devices. 
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Metal-Can 
Transistors 
Metal--can packages are intended for use in industrial 
applications where harsh environmental conditions are 
encountered. These packages enhance reliability of the end 
products due to their resistance to varying humidity and 
extreme temperature ranges. 

Table 26. Metal-Can General-Purpose Transistors 

1 
CASE 22-03 
TO-206AA 

,/ I. 
(To-18) 3 2 CASE 79-04 
STYLE 1 1 To-205AD 

(T0-39) 
STYLE 1 

These transistors are designed for DC to VHF amplifier applications, general-purpose switching applications, and 
complementary circuitry. Devices are listed in decreasing order of V(BR)CEO within each package group. 

V(BR)CEO 
tr@le 

IC 
Device Volts MHz I mA 
Type Min Min mA Max 

Case 22-03 - TQ-206AA (TQ-18) - NPN 

2N720A BO 50 50 150 
2N3700 80 80 50 1000 
BC107 45 150 10 200 
BC107A 45 150 10 200 
BC107B 45 150 10 200 
2N2222A 40 300 20 800 
2N3947 40 300 10 200 
BC109C 25 150 10 200 

Case 22-03 - TQ-206AA (TO-18) - PNP 

2N2906A 60 200 50 600 
2N2907A 80 200 50 600 
2N3251A 60 300 10 200 
BCl77B 45 200 10 200 

Case 79-04 - TQ-205AD (T0-39) - NPN 

2N3019 BO 100 50 1000 
2N3020 80 BO 50 1000 
2N1B93 BO 50 50 500 
2N2219A 40 300 20 800 
2N221BA 40 250 20 BOO 

Case 79-04 - TQ-205AD (T0-39) - PNP 

2N4033 BO - - 1000 
2N4036 65 60 50 1000 
2N2904A 60 200 50 600 
2N2905A 60 200 50 600 
2N4032 60 - - 1000 

Devices listed in bold, italic are Motorola preferred devices. 
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hFE@le 

Min I Max 

40 120 
50 -
110 450 
110 220 
200 450 
100 300 
100 300 
420 BOO 

40 120 
100 300 
100 300 
180 460 

100 300 
40 120 
40 120 
100 300 
40 120 

25 -
40 140 
40 120 
100 300 
40 -

I mA 

150 
500 
2.0 
2.0 
2.0 
150 
10 
2.0 

150 
150 
10 
2.0 

150 
150 
150 
150 
150 

1000 
150 
150 
150 

1000 
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Metal-Can Transistors (continued) 

Table 27, Metal-Can Hlgh-GainILo_Noise Transistors 
These transistors are characterized for high-gain and low-noise applications. Devices are listed in decreasing order of NF. 

NF hFE@IC tr@IC 
Wideband V(BRlCEO IC 

I I I Device dB VoHs mA "" MHz 
Type TypMax Min Max Min Max mA Min mA 

Case 22-03 - T0-206AA (T0-18) - NPN 

Case 22~3 - T0-206AA (T0-18) - PNP 

Table 28. Metal-Can High-VoltageJHigh-Current Transistors 
The following table lists Motorola standard devices that have high collector-emitter breakdown voltage. Devices are listed in 
decreasing order of V (BR)CEO within each package type. 

V(BRlCEO IC 
hFE @IC 

Device Volts mA 
Type Min Max Min I 

Case 22-03 - T0-206AA (T0-18) - NPN 

Case 22-G3 - T0-206AA (T0-18) - PNP 

Case 79-04 - T0-205AD (T0-39) - NPN 

Case 79-04 - T0-205AD (T0-39) - PNP 

(1) Typical 
, (24)TA = 25°C 

Devices listed in bold, italic are Motorola preferred devices. 
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Metal-Can Transistors (continued) 

Table 29. Metal-Can Switching Transistors 

The following devices are intended for use in general-purpose switching and amplifier applications. Within each package 
group shown, the devices are listed in order of decreasing turn-on time (Ion). 

ton & Ioff @ Ie 
V(eR)CEO Ie 

hFE @Ie 

Device ns I ns I VollS mA 
Min I mA Type Max Max mA Min Max 

Case 22-03 - TQ-206AA (TQ-18) - NPN 

Case 22-03 - TQ-206AA (TQ-18) - PNP 

12N3546 40 30 50 12 200 25 50 

Case 79-04 - TO-205AD (TQ-39) - NPN 

IMM3725 35 60 I 500 I 40 2000 35 500 

Case 79-04 - TQ-205AD (TQ-39) - PNP 

Devices listed in bold, italic are Motorola preferred devices. 
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VeE(sat)@ le@le 

VollS I I 
Max mA mA 

0.25 50 5.0 

0.52 500 50 

IT 
MHz Ie 
Min mA 

700 10 

300 50 
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Field-Effect Transistors 

JFETs 
JFETs operate in the depletion mode. They are available in 
both P- and N--channel and are offered in both Through-hole 
and Surface Mount packages. Applications include general­
purpose amplifiers, switches and choppers, and RF amplifiers 
and mixers. These devices are economical and very 
rugged. The drain and source are interchangeable on many 
typical FETs. 

Table 1. JFET Low-FrequencylLow-Nolse 

CASE 29-04 
TO-226AA 

(TO--92) 

The following table is II listing of small-signal JFETs intended for low-noise applications in the audio range. These devices 
exhibit good linearity and are candidates for hi-fi and instrumentation equipment. 

ReIYfsi @f ReIYosl@t V(BR)GSS VGS(off) lOSS 
VollS mA 

Clss Crss V(BR)GOO 

Min I Max Min I Max 
mmho I "mho I pF pF Volts 

Device Min kHz Max kHz Max Max Min Style 

Case 29-04 - TQ-226AA (T0-92) - N-Channel 

J202 - - - - - - 40 0.8 4.0 0.9 4.5 5 
2N5458 1.5 1.0 50 1.0 7.0 3.0 25 1.0 7.0 2.0 9.0 5 
J203 - - - - - - 40 2.0 10 4.0 20 5 
MPF3821 1.5 1.0 10. 1.0 6.0 3.0 50 - 4.0 0.5 2.5 5 
2N5457 1.0 1.0 50 1.0 7.0 3.0 25 0.5 6.0 1.0 5.0 5 
2N6459 2.0 1.0 50 1.0 7.0 3.0 25 2.0 8.0 4.0 16 5 
MPF3822 3.0 1.0 20 1.0 6.0 3.0 50 - 6.0 2.0 10 5 

Case 29-04 - TQ-226AA (T0-92) - P-Channel 

Table 2. JFET High-Frequency Amplifiers 

The following is a listing of small-signal JFETs that are intended for hi-frequency applications. These are candidates for 
VHF/UHF oscillators, mixers and front-end amplifiers. 

ReIYfsl@f RelYosl@f 
Cia 

mmho I 
I1mho I pF 

Device Min MHz Max MHz Max 

Case 29-04 - TQ-226AA (T0-92) - N-Channel 

2N5669 1.6 100 100 100 7.0 
MPF102 1.6 100 200 100 7.0 
2N5668 1.0 100 50 100 7.0 
2N5484 2.5 100 75 100 5.0 
2N5670 2.5 100 150 100 7.0 
2N5485 3.0 400 100 400 5.0 
2N5486 3.5 400 100 400 5.0 
J300 4.5 0.001 200 0.001 5.5 
J30B 12(1) 100 250(1) 100 7.5 
J309 12(1) 100 250(1) 100 7.5 
J310 12(1) 100 250(1) 100 7.5 

(1)Typlcal 

Devices listed in bold, italic are Motorola preferred devices. 
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Cra 
pF 

Max 

3.0 
3.0 
3.0 
1.0 
3.0 
1.0 
1.0 
1.7 
2.5 
2.5 
2.5 

V(BR)GSS VGS(off) lOSS 
NF@RG=lK VollS mA 

V(BR)GDO 

Min I Max Min I Max 
dB I f VollS 
Max MHz Min Style 

2.5 100 25 1.0 6.0 4.0 10 5 
- - 25 - 8.0 2.0 20 5 
2.5 100 25 0.2 4.0 1.0 5.0 5 
3.0 100 25 0.3 3.0 1.0 5.0 5 
2.5 100 25 2.0 8.0 8.0 20 5 
4.0 400 25 0.5 4.0 4.0 10 5 
4.0 400 25 2.0 6.0 8.0 20 5 
- - 25 1.0 6.0 6.0 30 5 

1.5(1) 100 25 1.0 6.5 12 60 5 
1.5(1) 100 25 1.0 4.0 12 30 5 
1.5(1) 100 25 2.0 6.5 24 60 5 
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JFETs (continued) 

Table 3. JFET Switches and Choppers 

The following is a listing of JFETs intended for switching and chopper applications. 

VGS(off) 
ROS(on)@IO Volts 

Oevlce M~X I mA Min I Max 

Case 2!Hl4 - TQ-226AA (TQ-92) - N-Channel 

MPF4856 25 - 4.0 10 
MPF4859 25 - 4.0 10 
Jlll 30 - 3.0 10 
MPF4857 40 - 2.0 6.0 
MPF4860 40 - 2.0 6.0 
Jl12 50 - 1.0 5.0 
MPF4392 60 - - -
2N5639 60 1.0 - (8.0)(1) 
MPF485B 60 - 0.8 4.0 
MPF4861 60 - 0.8 4.0 
MPF4393 100 - - (12)(1) 
2N5640 100 1.0 - (6.0)(1) 
Jl13 100 - 0.5 3.0 
2N5555 150 - - 1.0(16) 
BF246A 35(1) 1.0 0.6 14 
BF246B 50(1) 1.0 0.6 14 
Jll0 18 - 0.5 4.0 

Case 2!Hl4 - TQ-226AA (TQ-92) - P-Channel 

(l)Typi~1 
(16)VGS(f) 

Devices listed in bold, italic are Motorola preferred devices. 

lOSS 
mA 

Min I Max 

50 -
50 -
20 -
20 100 
20 100 
5.0 -
25 75 
25 -
8.0 80 
8.0 80 
5.0 30 
5.0 -
2.0 -
15 -
30 80 
60 140 
10 -
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V(BR)GSS 
V(BR)GOO 

Volts 
Min 

40 
30 
35 
40 
30 
35 
30 
30 
40 
30 
30 
30 
35 
25 
25 
25 
25 

Clss Crss 
pF pF 

Max Max 

18 8.0 
18 8.0 
28 5.0 
18 8.0 
18 8.0 
28 5.0 
10 3.5 
10 4.0 
18 8.0 
18 8.0 
10 3.5 
10 4.0 
28 5.0 
5.0 1.2 
- -
- -
- -

ton 
ns 

Max 

9.0 
9.0 
-
10 
10 
-
15 
-
20 
20 
15 
18 
-
10 
-
-
-

loft 
ns 

Max Style 

25 5 
25 5 
- 5 
50 5 
50 5 
- 5 
35 5 
- 5 
100 5 
100 5 
55 5 
45 5 
- 5 
25 5 
- 22 
- 22 
- 5 
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TMOS FETs 
" 3 

Table 4. TMOS Switches and Choppers 

CASE 29-05 
T0-226AE 

I-WATT (TO-92) 

3 Drain 

:~ 
1 Source 

CASE 29-04 
TO-226AA 

(T0-92) " 2 3 

The following is a listing of small-signal TMOS devices that are intended for switching and chopper applications. These 
devices offer low RDS(on) characteristics. 

ROS(on)@IO 
VGS(th) -

Volts 
V(BR)OSS Ciss Crss ton loff 

n Volts pF pF ns ns 
Device Max I A Min I Max Min Max Max Max Max Style 

Case 29-05 - T0-226AE (1-WATT T0-92) - N-Channel 

MPF930 1.4 1.0 1_0 3.5 35 70(1) 20(1) 15 15 22 
MPF960 .1.7 1.0 1.0 3.5 60 70(1) 20(1) 15 15 22 
MPF6659 1.8 1.0 0.8 2_0 35 30(1) 4(1) 5.0 5.0 22 
MPF990 2.0 1.0 1.0 3.5 90 70(1) 20(1) 15 15 22 
MPF6660 3_0 1.0 0.8 2.0 60 30(1) 4(1) 5.0 5.0 22 
MPF6661 4.0 1_0 0.8 2.0 90 30(1) 4(1) 5.0 5.0 22 
MPF910 5.0 0.5 0.3 2.5 60 - - - - 22 
VN10LM 5.0 0.5 0.8 2.5 60 60 5.0 10 10 22 

Case 29-04 - TO-226AA (T0-92) - N-Channel 

VN0300L 1.2 1.0 0.8 2.5 60 100 25 30 30 22 
2N7000 5.0 0.5 0.8 3.0 60 60 5.0 10 10 22 
BS170 5.0 0.2 0.8 3_0 60 25(1) 3.0(1) 10 10 30 
VN0610LL 5.0 0.5 0.8 2.5 60 60 5.0 10 10 22 
VN1706L 6.0 0.5 0.8 2.0 170 125 20 8.0 18 22 
VN2406L 6.0 0_5 0.8 2.0 240 125 20 8.0 23 22 
B8889 6.0 0.30 1.0 2.7 200 72(1) 3.0(1) 6.0(1) 12(1) 7 
BS107A 6.4 0.25 1.0 3.0 200 60(1) 6.0(1) 15 15 30 
2N7008 7.5 0.5 1.0 2.5 60 50 5.0 20 20 22 
VN2222LL 7.5 0_5 0.6 2.5 60 60 5.0 10 10 22 
VN2410L 10 0.5 0.8 2.0 240 125 20 8.0 23 22 
B8107 14 0.2 1_0 3.0 200 60(1) 6.0(1) 15 15 30 

(lhYPlcal 

Devices listed in bold, italic are Motorola preferred devices. 
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Surface Mount FETs 
This section contains the FET plastic packages available for 
surface mount applications. Most of these devices are the 
most popular metal-can and insertion type parts carried over 
to the new surface mount packages. 

Table 5. Surface Mount RF JFETs 

CASE 311H17 
TQ-236AB 

SOT-23 

CASE 318E-04 
SOT-223 

The following is a list of surface mount FETs which are intended for VHF/UHF RF amplifier applications. 
Pinout: I-Drain, 2-8ource, 3-Gate 

NF Vfs@VOS 

dB f mmhos mmhos 
Device Marking Typ I MHz Min I Max I Volts V(BR)GSS Style 

Case 318-07 - To-236AB (SOT-23) - N-Channel 

MMBFJ309LT1 6U 1.5 450 10 20 10 25 10 
MMBFJ310LT1 6T 1.5 450 8.0 18 10 25 10 
MMBFU310LT1 M6C 1.5 450 10 18 10 25 10 
MMBF4416LT1 M6A 2(3) 100 4.5 7.5 15 30 10 
MMBF5484LT1 M6B 2.0 100 3.0 6.0 15 25 10 
MMBF5486LT1 6H 2.0 100 4.0 8.0 15 25 10 

(3)Max 

Table 6. Surface Mount General-Purpose JFETs 

The following table is a listing of surface mount small-signal general purpose FETs. These devices are intended for 
small-signal amplification for DC, audio, and lower RF frequencies. They also have applications as oscillators and 
general-purpose, low-voltage switches. 
Pinout: l-Drain, 2-8ource, 3-Gate 

mmhos 
Device Marking· V(BR)GSS Min 

Case 318-07 - TO-236AB (SOT-23) - N-Channel 

MMBF5457LT1 
MMBF5459LT1 

Case 318-07 - TO-236AB (SOT -23) - P-Channel 

I MMBF5460LT1 I M6E I 40 I 1.0 

(3)Max 

Devices listed in bold, italic are Motorola preferred devices. 

Vfs@VDS 

I mmhos 
Max 

4.0 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

lOSS 

I mA I Volts Min 

15 1.0 

mA 
Max 

5.0 

Style 

10 
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Surface Mount FETs (continued) 

Table 7. Surface Mount ChopperslSwitches JFETs 

The following is a listing of small-signal surface mount JFET devices intended for switching and chopper applications. 
Pinout: 1-Draln, 2-5ource, 3-Gate 

ROS(on) toft 
Ohms ns 

Device Marking Max Max 

Case 318-07 - T0-236AB (SOT -23) - N-Channel 

MMBF4856LT1 AAA 25 25 
MMBF4391LT1 6J 30 20 
MMBF4860LT1 6F 40 50 
MMBF4392LT1 6K 60 35 
MMBF4393LT1 6G 100 50 

Case 318-07 - T0-236AB (SOT-23) - P-Channel 

MMBFJ175LT1 
MMBFJ177LT1 

Table 8. TMOS FETs 

V(BR)GSS 

40 
30 
30 
30 
30 

VGS{off) lOSS 

Volts I Volts mA I mA 
Min Max Min Max 

-4.0 -10 50 -
-4.0 -10 50 150 
-2.0 -6.0 20 100 
-2.0 -5.0 25 75 
-0.5 -{l.0 5.0 30 

The following is a listing of small-signal surface mount TMOS FETs which exhibit low RDS(on) characteristics. 
Pinout: 1-Gate, 2-5ource, 3-Drain 

ROS(on)@IO 

Device Marking Ohm I mA 

Case 318-07 - TO-236AB (SOT -23) - N-Channel 

MMBF170LTI 
BSS123LT1 
2N7002LT1 

Pinout: 1-Gate, 2-Drain, 3-5ource, 4-Drain 

ROS(on) 

Device Marking Ohm I mA 

Case 318E-ll4- SOT -223 - N-Channel 

MMFT960T1 FT960 1.7 1000 
MMFT6661T1 T6661 4.0 1000 
MMFT2406T1 T2406 10 200 
MMFT107T1 FT107 14 200 

Devices listed in bold, italic are Motorola preferred devices. 

VOSS 

VOSS 

60 
90 
240 
200 

VGS(th) Switching TIme 

Volts I Volts 
ton ns I loft ns Min Max 

VGS(th) Switching Time 

Volts I Volts 
Ion ns I toft ns Min Max 

1.0 3.5 15 15 
0.8 2.0 5.0 5.0 
0.8 2.0 - -
1.0 3.0 15 15 

Style 

10 
10 
10 
10 
10 

Style 

Style 

3 
3 
3 
3 
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Tuning and Switching Diodes 
Tuning Diodes -
Abrupt Junction 
Motorola supplies voltage-variable capacitance diodes serving 
the entire range offrequencies from HF through UHF. Used in RF 
receivers and transmitters, they have a variety of applications, 
including: 
• Phase-locked loop tuning systems 
• Local oscillator tuning 
• Tuned RF preselectors 
• RF filters 
• RF phase shifters 
• RF amplifiers 
• Automatic frequency control 
• Video filters and delay lines 
• Harmonic generators 
• FM modulators 
Two families of devices are available: Abrupt Junction and Hyper 
Abrupt Junction. The Abrupt Junction family includes devices 
suitable for virtually all tuned-circuit and narrow-range tuning 
applications throughout the spectrum. 

Typical Characteristics 
Diode Capacitance versus Reverse Voltage 
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70 
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(See Table 6) 
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Tuning Diodes - Abrupt Junction (continued) 

Table 1. General-Purpose Glass Abrupt Tuning Diodes 
High Q Capacitance Ratio @ 4.0 VoltS/50 Volts 

The following is a listing of axial leaded, general-purpose, abrupt tuning diodes. These devices exhibit high Q characteristics. 

CT @ VR = 4.0 V, 1.0 MHz 

pF I pF 
Devlce(19) Min Nominal 

Case 51-{)2 - D0-204AA (00-7) 

lN5139 6.1 6.8 
lN5140 9.0 10 
lN5141 10.8 12 
lN5142 13.5 15 
lN5143 16.2 18 
lN5144 19.8 22 
1N5145 24.3 27 
1N5146 29.7 33 
lN5147 35.1 39 
lN5148 42.3 47 

Table 2. General-Purpose Glass Abrupt Tuning Diodes 
High Q Capacitance Ratio @ 2.0 VoltsJ30 Volts 

I 
Cap Ratio Q 

pF V(BR)R C41C60 4.0 V, 50 MHz 
Max Volts Min Min 

7.5 60 2.7 350 
11 60 2.8 300 

13.2 60 2.8 300 
16.5 60 2.8 250 
19.8 60 2.8 250 
24.2 60 3.2 200 
29.7 60 3.2 200 
36.3 60 3.2 200 
42.9 60 3.2 200 
51.7 60 3.2 200 

The following is a listing of axial leaded, general-purpose, abrupt tuning diodes. These devices exhibit very high Q 
characteristics. 

Devlce(20) 

Case 51-{)2 - DO-2D4AA (00-7) 

1N5441A 
1N5443A 
1N5444A 
lN5445A 
lN5446A 
1N5448A 
1N5449A 
lN5450A 
lN5451A 
lN5452A 
lN5453A 
lN5455A 
lN5456A 

(19)Suffix A = 5.0% 

(20)SuffiX B = 5.0% 
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pF 
Min 

6.1 
9.0 
10.8 
13.5 
16.2 
19.8 
24.3 
29.7 
35.1 
42.3 
50.4 
73.8 
90 

CT @ VR = 4.0 V,l.0 MHz 
Cap Ratio Q 

I pF I pF VR(BR)R C2IC30 4.0 V, 50 MHz 
Nominal Max Volts Min Min 

6.8 7.5 30 2.5 450 
10 11' 30 2.6 400 
12 13.2 30 2.6 400 
15 16.5 30 2.6 400 
18 19.8 30 2.6 350 
22 24.2 30 2.6 350 
27 29.7 30 2.6 350 
33 36.3 30 2.6 350 
39 42.9 30 2.6 300 
47 51.7 30 2.6 250 
56 61.6 30 2.6 200 
82 90.2 30 2.7 175 
100 110 30 2.7 175 
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Tuning Diodes - Abrupt Junction (continued) 

Table 3. General-Purpose Glass Abrupt Tuning Diodes 
Capacitance Ratio @ 2.0 Voltsl20 Volts 

The following is a listing of axial leaded, general-purpose, abrupt tuning diodes. These devices exhibit high Q characteristics. 

CT@ VR = 4.0 V, 1.0 MHz 

pF I pF 
Device Min Nominal 

Case 51-02 - D0-204AA (00-7) 

MV1620 6.1 6.8 
MV1624 9.0 10 
MV1626 10.8 12 
MV1628 13.5 15 
MV1630 16.2 18 
MV1634 19.8 22 
MV1636 24.3 27 
MV1638 29.7 33 
MVl640 35.1 39 
MV1642 42.3 47 
MV1644 50.4 56 
MVl648 73.8 82 
MV1650 90 100 

Table 4. General-Purpose Plastic Abrupt Tuning Diodes 
Capacitance Ratio @ 2.0 VoltsJ30 Volts 

I 
Cap Ratio Q 

pF V(BR)R C2IC20 4.0 V,50 MHz 
Max Volts Min Typ 

7.5 20 2.0 300 
11 20 2.0 300 

13.2 20 2.0 300 
16.5 20 2.0 250 
19.8 20 2.0 250 
24.2 20 2.0 250 
29.7 20 2.0 200 
36.3 20 2.0 200 
42.9 20 2.0 200 
51.7 20 2.0 200 
61.6 20 2.0 150 
90.2 20 2.0 150 
110 20 2.0 150 

The following is a listing of plastic package, general-purpose, abrupt tuning diodes. These devices exhibit high Q 
characteristics. 

CT @ VR = 4.0 V, 1.0 MHz 

pF I pF I Device Min Nominal 

Case 182-02 - T0-226AC (TD-92) - 2-Lead 

MV2101 6.1 6.8 
MV21 03 9.0 10 
MV2104 10.8 12 
MV21 05 13.5 15 
MV21 07 19.8 22 
MV2108 24.3 27 
MV2109 29.7 33 
MV2111 42.3 47 
MV2113 61.2 68 
MV2114 73.8 82 
MV2115 90 100 

Devices listed in bold, italic are Motorola preferred devices. 
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pF VR(BR)R 
Max Volts 

7.5 30 
11 30 

13.2 30 
16.5 30 
24.2 30 
29.7 30 
36.3 30 
51.7 30 
74.8 30 
90.2 30 
110 30 

Cap Ratio 
C4IC30 

Min 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.6 

Q 

4.0 V, 50 MHz 
Typ 

400 
350 
350 
350 
300 
250 
200 
150 
150 
100 
100 
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Tuning Diodes - Abrupt Junction (continued) 

Table 5. Surface Mount Abrupt Tuning Diodes 
Capacitance Ratio @ 2.0 Yoltsl30 Yolts 

The following is a listing of surface mount abrupt junction tuning diodes intended for general-purpose variable capacitance 
circuit applications. 

CT@VR=4.0V,l.0MHz 
Cap Ratio Q 

pF 

I 
pF 

I 
pF VR(BR)R C2IC30 4.0 V, 50 MHz 

Device Min Nominal Max Valls Min Typ 

Case 318-07 - DO-236AB (SOT -23) 

MMBV2101LT1 6.1 6.8 7.5 30 2.5 400 
MMBV2103LTl 9.0 10 11 30 2.5 350 
MMBV2104LTl 10.8 12 13.2 30 2.5 350 
MMBV21OSLT1 13.5 15 16.5 30 2.5 350 
MMBV2107LTl 19.8 22 24.2 30 2.5 300 
MMBV2108LTl 24.3 27 29.7 30 2.5 250 
MMBV2109LT1 29.7 33 36.3 30 2.5 200 

Table 6. Abrupt Tuning Diodes for FM Radio - Dual 

The following is a listing of abrupt tuning diodes that are available as dual units in a single package. 

Cr@VR(22) 
Cap Ratio Q 

pF I pF I C3IC30 3.0 V, 50 MHz V(BR)R Device 
Device Min Max Vails Min Min Volts Marking Style 

Case 29-04 - TO-226AA (TO-92) 

I MV104 37 42 3.0 2.5 100 32 15 

Case 318-07 - TQ-236AB (SOT -23) 

I MMBV432LT1 43 48.1 2.0 1.5(21) 100 14 M4B 9 

(21)C2IC8 
(22)Each Diode 

Devices listed in bold, italic are Motorola preferred devices. 
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Tuning Diodes -
Hyper-Abrupt Junction 
The Hyper-Abrupt family exhibits higher capacitance, and a 
much larger capacitance ratio. It is particularly well suited for 
wider-range applications such as AMlFM radio and TV tuning. 

Typical Characteristics 
Diode Capacitance versus Reverse Voltage 
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Figure 1. Diode Capacitance 
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Tuning Diodes - Hyper-Abrupt Junction (continued) 
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Tuning Diodes - Hyper-Abrupt Junction (continued) 
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Table 7. Hyper-Abrupt TUning Diodes for Telecommunications - Single 

The following is a listing of hyper-abrupt tuning diodes intended for high frequency, FM radio, and TV tuner applications. 

Or @ VR (f = 1.0 MHz) 

Device 
pF I pF I 
Min Max Volts 

Case 182-02 - TO-226AC (To-92) 

MV209 
MV409 

Case 318-07 - TO-236AB (SOT-23) 

MMBV105GLT1 1.5 2.8 
MMBV109LT1 26 32 
MMBV409LT1 26 32 
MMBV809LT1 4.5 6.1 
MMBV3102LTI 20 25 

25 
3.0 
3.0 
2.0 
3.0 

Cap Ratio @ VR 

Min I Max I Volts 

4.0 6.5 3/25 
5.0 6.5 3125 
1.5 1.9 318 
1.8 2.6 218 
4.5 - 3125 

Devices listed in bold. italic are Motorola preferred devices. 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

Q 

3.0V ISOMHZ V(BR)R Device 
Min Max Volts Marking 

200 - 30 M4E 
200 - 30 M4A 
200 - 20 X5 
300 - 20 5K 
200 - 30 M4C 

CV 
Case Curve 
Style Fi9 

8 1 
8 2 
8 3 
8 4 
8 5 
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Tuning Diodes - Hyper-Abrupt Junction (continued) 

Table 8. Hyper-Abrupt Tuning Diodes for Communications - Dual 

CT 0 VR (1= 1.0 MHz) Cap Ratio 0 VR Q 
CV 

pF I pF I 
Min I Max I Volts 

3.0V 150MHZ V(BR)R Device Case Curve 
Device Min Max Volts Min Max Volts Marking Style Fig 

Case 318-07 - TQ-236AB (SOT -23) 

I MMBV609LT1 I 26 I 32 3.0 1.8 2.4 318 250 20 5l 9 6 

Table 9. Hyper-Abrupt Tuning Diodes for Low Frequency Applications - Single 

The following is a listing of AM, hyper-abrupt luning diodes that have a large capacity range and are designed for low 
frequency circuit applications. 

CyOl.0MHz Cap Ratio 0 VR 
CV 

pF I pF I I V(BR)R Curve 
Device Min Max Volts Min Volts Volts Style Figure 

Case 182~2- TQ-226AC (T0-92) 

MVAM108 440 560 1.0 15 1.0/8.0 12 1 7 
MVAM109 400 520 1.0 12 1.0/9.0 15 1 8 
MVAM115 440 560 1.0 15 1.0/15 18 1 9 
MVAM125 440 560 1.0 15 1.0/25 28 1 10 

Table 10. Hyper-Abrupt High Capacitance Voltage Variable Diode - Surface Mount 

The following are high capacitance voltage variable diodes intended for low frequency applications and circuits requiring 
large tuning capacitance. 

V(BR)R IR 
Device Volts nA 

Case 318E-G4-- SOT -223 
Pinout: 1-Anode, 2, 4-Cathode, 3-NC 

MV7005T1 
MV7404T1 

Cy@1=1.0MHz 

Min I Max C&pRatio Q 

pF pF Min Min 

Table 11. Hyper-Abrupt High Capacitance Tuning Diodes - Axial Lead Glass Package 

CyOVR 

pF I pF 
Device Min Max 

Case 51~ - 00-204AA (00-7) 

MVl404 
MV1403 
MV1405 

(26) VR = 1.0VNR = 9.0V 
(27) VR = 2.0 VNR = 10 V 
(26)VR = 1.0V, f = 1.0 MHz 
(29) VR =2.0V. f = 1.0 MHz 

96 
140 
200 

144 
210 
300 

I Volts 

I 
2.0 
2.0 
2.0 

Devices listed in bold. italic are Motorola preferred devices. 

C&pRatlo Q 
C2IC10 2.0 V, 1.0 MHz V(BR)R 

Min Min Volts 

I 
10 

I 
200 12 

10 200 12 
10 200 12 

CV 
Curve 

Style Figure 

CV 
Curve 

Style Figure 

1 11 
1 11 
1 11 
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Hot-Carrier 
(Schottky) Diodes 

STYLE 1 

Hot-Carrier diodes are ideal for VHF and UHF mixer and 
detector applications as well as many higher frequency 
applications. They provide stable electrical characteristics by 
eliminating the pOint-{)ontact diode presently used in many 
applications. 

! CASE 182-02 
TO-226AC 

(TG-92) 

1 2 0--;1+--0 
CASE 425-04 

STYLE 1 

Typical Characteristics 
Capacitance versus Reverse Voltage 

u:- 0.9 
.s 

MBJ10l 
I 

MMBD101LTl 
MMBD352LT1' 

-

2.8 
I 

I- TA=25°C- 2.4 

u:-.s 

2 Calhode Anode 1 0--;1+--0 
Cathode Anode 

CASE 318-07 ~ 
T0-236AB 1 3 

SOT-23 

STYLE 8 

1 o-.~I-' -0 3 2 
SINGLE 

STYLE 9 

10~'!'OIII02 

3 
COMMON CATHODE 

STYLE 11 

10 ,0lIl 1 ,0lIl 02 

o SERIES 
3 

STYLE 19 

1 0 ,0lIl 1 ,0lIl 02 

o SERIES 

TA=25°C -

~ 
50.8 
1t. 

r-...... 
............. ............ 

MMBD353LT1' 
MMBD354LT1' --f--

w 
(.) 1.6 z 
;! 
(3 

1.2 ~ 
MBD301, 

MMBD301LTI 

c3 
1t. 
<C 
(.) 

\. " -;:; 0.7 ..: 0.8 
(.) """'" 0.4 - MBD701,MMBD701LTI 

O. 6 
1 

I I I o 
4 0 10 15 20 25 30 35 40 45 50 

VR, REVERSE VOLTAGE (VOLTS) 'EACH DIODE VR, REVERSE VOLTAGE (VOLTS) 

(See Table 12) 

Table 12. Hot-Carrier (Schottky) Diodes 

The following is a listing of hot carrier (Schottky) diodes that exhibit low forward voltage drop for improved circuit efficiency. 

V(BR)R 
Device Volts 

Case 182-02 - To-226AC (T0-92) 
MB0701 
MB0301 

MMB0701LTf 
MMB0301LTf 
MMB0101LT1 
MMB0352LTf (23) 
MMB0353LTf(23) 
MMBD354LTI (23) 

Case 425-04 - (SOO-I23) 

MMSD701LT1 
MMSD301LT1 
MMSD101LTl 
(23) Dual Diodes 

70 
30 
7.0 
7.0 
7.0 
7.0 

I 
Cr@VR 

pF 
Max 

1.0@ 20V 
1.5@15V 
1.0@OV 
1.0@OV 
1.0@OV 
1.0@OV 

Devices listed in bold. italic are Motorola preferred devices. 

I VF@10mA I 
Volts 
Max 

1.0 
0.6 
O.S 
O.S 
O.S 
O.S 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

IR@VR Minority 
nA Lifetime 

Max pS(TYP) 

200@35V 15 
200@25V 15 
250 @ 3.0V 15 
250 @ 3.0V 15 
250@ 3.0V 15 
250@ 3.0V 15 

Device 
Marking 

5H 
4T 
4M 

M5G 
M4F 
MSH 

Style 

8 
8 
8 
11 
19 
9 
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Switching 
Diodes 
Small--signal switching diodes are intended for low current 
switching and steering applications. Hot-Carrier, PIN and 
general-purpose diodes allow a wide selection for specific 
application requirements. 

Typical Characteristics 
Capacitance versus Reverse Voltage 

10 

~ 
w 
~ 2 
~ 
(3 

if. 
13 
w 
g 1 
i5 
..: 0.5 

<..) O. 3 
O. 2 

10 

10 

~I 

A=25'C == 
f=IMHz -

MPN3404 

MMBV3401LTI MPN3700 = 
20 V MAX VR MMBV3700LTI = 

12 18 24 30 36 42 48 54 

VR, REVERSE VOLTAGE (VOLTS) 

(See Table 13) 

STYLE 1 

1 o-----tl+-o 2 
Cathode Anode 

CASE 425-04 
500-123 

CASE41!H12 

1_ 
SC-701S0T-323 

2 

STYLE 2 

~I 03 

SINGLE 

STYLE 5 STYLE 4 

I I~ 02 1 0 IIItII I ~I 02 

3 3 
COMMON CATHODE COMMON ANODE 

Selector Guide 
1-34 

1-- I!~"~ TD-226AA TD-226AC 
1 (TO-92) 1 (TO-92) 
23 2 

STYLE 3 

10 ~ I IIItII 02 

STYLE 1 

3 2 o-----tl+-o 1 

STYLE 4 Cathode Anode 

10 IIItII I ~I 02 

14» 

CASE 318-07 
TO-236AB 

SOT-23 
2 

STYLE 8 STYLE 12 

1 0 ~I 03 1 0 14 I ~ 02 

SINGLE 
3 

COMMON ANODE 

STYLE 9 STYLE 18 

1 0 ~I I I~ 02 20 I~ 03 

SINGLE 
3 

COMMON CATHODE 

STYLE 11 STYLE 19 

10 ~I I .1 02 1 0 IIItII I I~ 02 

3 3 
SERIES SERIES 

CASE 3180-03 
2. SC-S9 

STYLE 2 STYLE 4 

20 .1 03 20 I~ 03 

SINGLE SINGLE 

STYLE 3 STYLE 5 

10 .1 I I~ 02 1 0 I~ I ~ 02 

3 3 
COMMON CATHODE COMMON ANODE 
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Switching Diodes (continued) 

Table 13. PIN Switching Diodes 

The following PIN diodes are designed for VHF band switching and general-purpose low current switching applications. 

V(BR)R 
Volts 

Device Min 

Case 182-{)2 - T0-226AC (T0-92) 

MMBV3700LTl 
MMBV3401LT1 

CT@VR@1.0MHz 

I 
IR@VR 

pF nA 
Max Volts Max 

Table 14. General-Purpose Signal and Switching Diodes - Single 

Series 
Resistance 

Ohm Device 
Max Marking Style 

The following is a listing of small-signal switching diodes in surface mount packages. These diodes are intended for low 
current switching and signal steering applications. 

V(BR)R IR 

Min I @IBR Max I @VR 
Device Marking Volts (1lA) (1lA) Volts 

Case 318-{)7 - T0-236AB (SOT -23) 

BAS21LT1 JS 250 100 0.1 200 
MMBD914LT1 5D 100 100 5.0 75 
BAS16LT1 A6 75 100 1.0 75 
MMBD6050LT1 5A 70 100 0.1 50 
BAL99LT1 JF 70 100 2.5 70 

Case 3180-03 - SC-59 

Case 419-{)2 - SC-701S0T -323 

M1MA141KT1 MH 40 100 0.1 35 
BAS16WT1 A6 75 1.0 0.02 20 
M1MA142KT1 MI 80 100 0.1 75 

Case 425-04- SOO-123 

I MMSD914T1 5D 100 100 5.0 75 

(30) VR =0 V, f= 1.0 MHz 

Devices listed in bold, italic are Motorola preferred devices. 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

VF 

Min I Max I @IF 
Volts Volts (mA) 

- 1.0 100 
- 1.0 10 
- 1.0 50 

0.85 1.1 100 
- 1.0 50 

- 1.2 100 
- 1.25 150 
- 1.2 100 

1.0 10 

CT<30) 

Max 
(pF) 

5.0 
4.0 
2.0 
2.5 
1.5 

2.0 
2.0 
2.0 

4.0 

trr 

Max Case 
(ns) Style 

50 8 
4.0 8 
6.0 8 
4.0 8 
6.0 18 

3.0 2 
6.0 2 
3.0 2 

4.0 
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Switching Diodes (continued) 

Table 15. General-Purpose Signal and Switching Diodes - Dual 

The following is a listing of small-signal switching diodes in surface mount packages. These diodes are intended for low 
current switching and signal steering applications. 

V(BR)R 

Device Marking 
Min I @IBR 

Volls (1lA) 

Case 318-07 - TQ-236AB (SOT -23) 

MMB07000LT1 M5C 
MMBD2836LTI A2 
MMBD2838LTI A6 
BAV70LT1 A4 
BAV99LT1 A7 
BAW56LT1 AI 
MMBD6100LT1 5BM 
BAV74LTI JA 
MMBD2835LTI A3 
MMBD2837LTI AS 

Case 318D-03 - SC-59 

M1MA 151 WAT1 
M1MA151WKT1 

100 
75 
75 
70 
70 
70 
70 
50 
35 
35 

Case 419-02 - SC-701S0T-323 

M1MA142WKT1 MU 80 
M1MA142WAT1 MO 80 
BAW56WT1 Al 70 
BAV70WT1 A4 70 
M1MA141WKT1 MT 40 
M1MA141WAT1 MN 40 

100 
100 
100 
100 
100 
100 
100 
5.0 
100 
100 

100 
100 
100 
100 
100 
100 

IR 

Max I @VR 
(1lA) Volls 

1.0 50 
0.1 50 
0.1 50 
5.0 70 
2.5 70 
2.5 70 
0.1 50 
0.1 50 
0.1 30 
0.1 30 

0.1 75 
0.1 75 
2.5 70 
5.0 70 
0.1 35 
0.1 35 

Table 16. Low-Leakage Medium Speed Switching Diodes - Single 

V(BR)R IR 

Min I @IBR Max I @VR 
Device Marking Volls (1lA) (IlA) Volls 

Case 318-07 - TQ-236AB (SOT-23) 

I BAS116LT1 I JV I 75 I 100 0.005 75 

Table 17. Low-Leakage Medium Speed Switching Diodes - Dual 

V(BR)R IR 

Min I @IBR Max I @VR 
Device Marking Volls (1lA) (1lA) Volts 

Case 318-07 - TO-236AB (SOT-23) 

Devices listed in bold, italic are Motorola preferred devices. 

VF C-r!30) Irr 

Min I Max I @IF Max Max 
Volls Volts (mA) (pF) (ns) 

0.75 1.1 100 1.5 4.0 
- 1.0 10 4.0 4.0 
- 1.0 10 4.0 4.0 
- '1.0 50 1.5 6.0 
- 1.0 50 1.5 4.0 
- 1.0 50 2.0 6.0 

0.85 1.1 100 2.5 4.0 
- 1.0 100 2.0 4.0 
- 1.0 10 4.0 4.0 
- 1.0 10 4.0 4.0 

- 1.2 100 2.0 3.0 
- 1.2 100 15 10 
- 1.0 50 2.0 6.0 
- 1.0 50 1.5 6.0 
- 1.2 100 2.0 3.0 
- 1.2 100 15 10 

VF er(30) Irr 

Min I Max I @IF Max Max 
Volts Volls (mA) (pF) (ns) 

1.0 10 2.0 3000 

VF er(30) Irr 

Min I Max I @IF Max Max 
Volts Volts (mA) (pF) (ns) 

Case 
Style 

11 
12 
9 
9 
11 
12 
9 
9 
12 
9 

5 
4 
4 
5 
5 
4 

Case 
Style 

8 

Case 
Style 

Selector Guide 
1-36 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 



Multiple 
Switching Diodes 
Multiple diode configurations utilize monolithic structures fabricated by the planar process. They are designed to satisfy fast 
switching requirements as in core driver and encoding/decoding applications where their monolithic configurations offer lower cost, 
higher reliability and space savings . 

Dual 10 
Diode 

•• 1 

CASE 646-06 
PIN DIP 

PLASTIC 

2 

CASE 648-0B 
PIN DIP 

PLASTIC 

CASE 75tA-03 
S0-14 

PLASTIC 

Diode Array Diagrams 

4 

(C8~~:; @11111111 
ommon 

Cathode) NC Pin I, 4, 6, 10, 13 

5 

Dual 10 .. ffi[ (C:::~ @IIIIllll Diode 
Array 12 Anode) NC Pin 1,4,6,10,13 

3 6 

16 DualS .. ffiC Diode Diode 
Array 

NC Pin 4,6,10,13 NC Pin 6, 13 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

Isolated 
8 Diode 

Array 

Isolated 
7 Diode 

Array 

CASE 751B-GS 
S0-16 

PLASTIC 

7 

III!!!!I 
8 

IIIl!I! 
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Multiple Switching Diodes (continued) 

Table 18. Diode Arrays 

Case 646 ....:... To-116 

Device 

MAD130P 
MAD1103P 
MAD1107P 
MAD1109P 

Case641Hl8 

I MAD1108P 

Case 751A-03- 50-14 

MMAD130 
MMAD1103 
MMAD1105 
MMAD1106 
MMAD1107 
MMAD1109 

Case 7518-05 - 50-16 

I MMAD1108 

Function 

Dual 10 Diode Array 
16 Diode Array 
Dual 8 Diode Array 
7 Isolated Diode Array 

18 Isolated Diode Array 

Dual 1 0 Diode Array 
16 Diode Array 
8 Diode Common Cathode Array 
8 Diode Common Anode Array 
Dual 8 Diode Array 
7 Isolated Diode Array 

18 Isolated Diode Array 

Devices listed in bold, italic are Motorola preferred devices. 

Pin Connections 
Diagram Number 

1 
3 
6 
8 

7 

2 
3 
4 
5 
6 
8 

7 
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Section 2 

Plastic-Encapsulated 
Transistors 

In Brief ... 
Motorola's plastic transistors and diodes encompass 

hundreds of devices spanning the gamut from 
general-purpose amplifiers and switches with a wide variety 
of characteristics to dedicated special-purpose devices for 
the most demanding applications. The popular TO-92, 
1-Watt TO-92 and TO-116 combine proven reliability 
performance and economy for through-the-hole 
manufacturing, while the SOT-23, SC-59, SC-70/SOT-323, 
SOT-223, and SO-16 offer the same solutions for surface 
mount manufacturing. 

As an additional service to our customers Motorola will, 
upon request, supply many of these devices in tape and reel 
for automatic insertion. 

Contact your Motorola representative for ordering informa­
tion. 

This section contains both single and multiple plastic­
encapsulated transistors. 

NOTE: All SOT-23 package devices have had a ''Tl'' suffix 
added to the device title. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

~-,I. ;-226AE) 
23 1 WATT TO-92 

CASE 318'{)7 
(TO-236AB) 

SOT-23 

~,-
,(// ~o-226AA) 

23 TO-92 

2~ , 
CASE 3160-03 

SC-59 

,-3 

CASE 318E-04 
(TO-261AA) 

SOT-223 

CASE 419-02 
SC-701S0T-323 

- CASE 646-06 ,':riln II (TO-l16) 

'6~ ~ASE 751B.{)5 
, SO-16 , 

NaIto Scale 
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EMBOSSED TAPE AND REEL 

SOT-23, SC-59, SC-7OJSOT-323, SOT-223 and SO-16 packages are available only in Tape and Reel. 
Use the appropriate suffix indicated below to order any of the SOT-23, SC-59, SC-7Q!SOT-323, SOT-223 
and SO-16 packages. (See Section 6 on Packaging for additional information). 

SOT-23: available in 8 mm Tape and Reel 
Use the device title (which already includes the ''T1" suffix) to order the 7 inch/3QOO unit reel. 
Replace the ''T1'' suffix in the device title with ,a ''T3" suffix to order the 13 inch/l 0.,0.0.0. unit reel. 

SC-59: available in 8 mm Tape and Reel 
Use the device title (which already includes the ''Tl" suffix) to order the 7 inch/3QQQ unit reel. 
Replace the ''Tl'' suffix in the device title with a ''T3'' suffix to order the 13 inch/l 0.,0.00 unit reel. 

SC-7Q! available in 8 mm Tape and Reel 
SOT-323: Use the device title (which already includes the "Tl" suffix) to order the 7 inch/3QQQ unit reel. 

Replace the ''Tl'' suffix in the device title with a ''T3'' suffix to order the 13 inch!1 0.,0.0.0. unit reel. 

SOT-223: available in 12 mm Tape and Reel 

SO-16: 

Use the device title (which already includes the "Tl" suffix) to order the 7 inch!1 0.0.0. unit reel. 
Replace the ''Tl'' suffix in the device title with a "T3" suffix to order the 13 inch/4QOO unit reel. 

available in 16 mm Tape and Reel 
Add an "Rl" suffix to the device title to order the 7 inch/5QQ unit reel. 
Add an "R2" suffix to the device title to order the 13 inch/25QQ unit reel. 

RADIAL TAPE IN FAN FOLD BOX OR REEL 

TO-92 packages are available in both bulk shipments and in Radial Tape in Fan Fold Boxes or Reels. 
Fan Fold Boxes and Radial Tape Reel are the best methods for capturing devices for automatic insertion in 
printed circuit boards. 

TO-92: available in Fan Fold Box 
Add an "RLR" suffix and the appropriate Style code' to the device title to order the Fan Fold box. 

available in 365 mm Radial Tape Reel 
Add an "RLR" suffix and the appropriate Style code" to the device title to order the Radial Tape 

Reel. 

"Refer to Section 6 on Packaging for Style code characters and additional information on ordering 
requirements. 

DEVICE MARKINGS/DATE CODE CHARACTERS 

SOT-23, SC-59 and the SC-7OJSOT-323 packages have a device marking and a date code etched on 
the device. The generic example below depicts both the device marking and a representation of the date 
code that appears on the SC-7Q!SOT-323, SC-59 and SOT-23 packages. 

The "0" represents a smaller alpha digit Date Code. The Date Code indicates the actual month in which the 
part was manufactured. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vde 

Collector-Base Voltge VCBO 60 Vde 

Emitter-Base Voltage VEBO 6.0 Vde 

Collector Current - Continuous IC 200 mAde 

Total Device Dissipation @ TA = 25'C PD 625 mW 
Derate above 25'C 5.0 mWrC 

"Total Device Dissipation @ T C = 25'C PD 1.5 Watts 
Derate above 25'C 12 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 'c 

*THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R6JA 200 'CIW 

Thermal Resistance, Junction to Case RruC 83.3 'CIW 

"Indicates Data in addition to JEDEC Requirements. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 10 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 !lAde, IC = 0) 

Base Cutoff Current 
(VCE = 30 Vde, VEB = 3.0 Vde) 

Collector Cutoff Current 
(VCE = 30 Vde, VEB = 3.0 Vde) 

ON CHARACTERISTICS 

DC Current Gain( 1) 
(lC = 0.1 mAde, VCE = 1.0 Vde) 

(lC = 1.0 mAde, VCE = 1.0 Vde) 

(lC = 10 mAde, VCE = 1.0 Vde) 

(lC = 50 mAde, VCE = 1.0 Vde) 

(lC = 100 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage(l) 
(lC = 10 mAde, IB = 1.0 mAde) 
(lC = 50 mAde, IB = 5.0 mAde) 

Base-Emitter Saturation Voltage(1) 
(lC = 10 mAde, IB = 1.0 mAde) 
(lC = 50 mAde, IB = 5.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mAde, VCE = 20 Vde, f = 100 MHz) 

Rev 2 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBL 

ICEX 

hFE 

VCE(sat) 

VBE(sat) 

2N3903 
2N3904* 

CASE 29·04, STYLE 1 
TO·92 (TO·226AA) 

3 Collector 

~,~ 
1 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

40 -

60 -

6.0 -

- 50 

- 50 

20 -
40 -

35 -
70 -

50 150 
100 300 

30 -
60 -

15 -
30 -

- 0.2 
- 0.3 

0.65 0.85 
- 0.95 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 

2-3 



2N3903 2N3904 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max 

Output Capacitance Cobo - 4.0 
(VCB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - B.O 
(VEB = 0.5 Vdc,IC = 0, f = 1.0 MHz) 

Input Impedance hie 
(lC = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 2N3903 1.0 B.O 

2N3904 1.0 10 

Voltage Feedback Ratio hre 
(lC = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 2N3903 0.1 5.0 

2N3904 0.5 B.O 

Small-Signal Current Gain hfe 
(lC = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 2N3903 50 200 

2N3904 100 400 

Output Admittance hoe 1.0 40 
(lC = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF 
(lC = 100 ILAdc, VCE = 5.0 Vdc, RS = 1.0 k ohms, 2N3903 - 6.0 
f = 1.0 kHz) 2N3904 - 5.0 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = 3.0 Vdc, VBE = 0.5 Vdc, td - 35 

Rise Time IC = 10 mAdc, IBI = 1.0 mAdc) 
tr - 35 

Storage Time (VCC = 3.0 Vdc, IC = 10 mAdc, 2N3903 Is - 175 
IBI = IB2 = 1.0 mAdc) 2N3904 - 200 

Fall TIme tf - 50 

(1) Pulse Test: Pulse Width .. 300 I'S, Duty Cycle .. 2.0%. 

FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 

300 ns..... f4-
DUTY CYCLE = 2%~+10'9 V 

-0.5V 1-
<Ins I.-

10<1,<500"s-l II ~+109V 
DUTY CYCLE = ~.IT: 

-9.,V,JkL 

*Total shunt capacitance of test jig and connectors 

TYPICAL TRANSIENT CHARACTERISTICS 

-TJ = 250 C ---TJ = 12SoC 

10 k 

IN916 

FIGURE 3 - CAPACITANCE FIGURE 4 - CHARGE DATA 
10 
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-
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Cob~ ........ 

2.0 

r-... 
-r-
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2000 
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j 700 

lsoo 
d 300 

200 

100 

0 

5 0 

v~=~v 
:-Ic/l,= 10 

"1/ 

" ./ . V .. ' Or 
:::. .' -..- I -

QA 

~-

Unit 

pF 

pF 

kohms 

X 10-4 

-

"mhos 

dB 

ns 

ns 

ns 

ns 

, -
/ 

/ 

1.0 
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 40 1.0 2.0 3.0 5.0 7.0 10 20 30 SO 70 100 200 

REVERSE BIAS VOLTAGE (VOLTS) Ie, COUECTOR CURRENT (mA) 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

Collector-Base Voltage VCBO 40 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous IC 200 mAdc 

Total Device Dissipation @ TA = 25·C Po 625 mW 
Derate above 25·C 5.0 mWrC 

Total Power Dissipation @ TA = 60·C Po 250 mW 

Total Device Dissipation @ TC = 25·C Po 1.5 Watts 
Derate above 25·C 12 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 ·C 

*THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R6JA 200 ·C/W 

Thermal Resistance, Junction to Case R6JC 83.3 ·C/W 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(lC = 1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage 
(lc = 10 J£Adc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 J£Adc, IC = 0) 

Base Cutoff Current 
(VCE = 30 Vdc, VEB = 3.0 Vdc) 

Collector Cutoff Current 
(VCE = 30 Vdc, VEB = 3.0 Vdc) 

ON CHARACTERISTICS(I) 

DC Current Gain 
(lC = 0.1 mAdc, VCE = 1.0 Vdc) 2N3905 

2N3906 

(lc = 1.0 mAdc, VCE = 1.0 Vdc) 2N3905 
2N3906 

(lC = 10 mAdc, VCE = 1.0 Vdc) 2N3905 
2N3906 

(lc = 50 mAdc, VCE = 1.0 Vdc) 2N3905 
2N3506 

(lc = 100 mAdc, VCE = 1.0 Vdc) 2N3905 
2N3906 

Collector-Emitter Saturation Voltage 
(lC = 10 mAdc, IB = 1.0 mAdc) 
(lC = pO mAdc, IB = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
(lc = 10 mAdc, IB = 1.0 mAdc) 
(lC = 50 mAdc, IB = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mAdc, VCE = 20 Vdc, f = 100 MHz) 2N3905 

2N3906 

Output Capacitance 
(VCB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Rev 2 

2N390S 
2N3906* 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

, 

3CoUector 

. 2~ 
Bas~ 

12 1 Emitter 
3 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBL 

ICEX 

hFE 

VCE(sat) 

VBE(sat) 

tr 

Cobo 

GENERAL· PURPOSE 
TRANSISTORS 

PNPSILICON 

*This is a Motorola 
designated prat:erred device. 

Min Max 

40 -

40 -

5.0 -

- 50 

- 50 

30 -
60 -

40 -
80 -

50 150 
100 300 

30 -
60 -

15 -
30 -

- 0.25 
- 0.4 

0.65 0.85 
- 0.95 

200 -
250 -
- 4.5 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 
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2N3905 2N3906 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max 

Input Capacitance Cibo - 10.0 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

Input Impedance hie 
(lC = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 2N3905 0.5 B.O 

2N3906 2.0 12 

Voltage Feedback Ratio hre 
(lC = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 2N3905 0.1 5.0 

2N3906 0.1 10 

Small-Signal Current Gain hfe 
(lc = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 2N3905 50 200 

2N3906 100 400 

Output Admittance hoe 
(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 2N3905 1.0 40 

2N3906 3.0 60 

Noise Figure NF 
(lC = 100 !£Adc, VCE = 5.0 Vdc, RS = 1.0 k ohm, 2N3905 - 5.0 
f = 1.0 kHz) 2N3906 - 4.0 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = 3.0 Vdc, VBE = 0.5 Vdc td - 35 

Rise Time IC = 10 mAde, IBI = 1.0 mAde) 
tr - 35 

Storage Time 2N3905 ts - 200 

(VCC = 3.0 Vde, IC = 10 mAde, 2N3906 - 225 

Fall Time IBI = IB2 = 1.0 mAde) 2N3905 tf - 60 
2N3906 - 75 

(1) Pulse Width" 300 I£S, Duty Cycle" 2.0%. 

FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 
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*Total shunt capacitance of test jig and connectors 

TRANSIENT CHARACTERISTICS 
- TJ = 25"C --- TJ = 125"C 

lN916 

FIGURE 3 - CAPACITANCE FIGURE 4 - CHARGE DATA 
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AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE VARIATIONS 
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STATIC CHARACTERISTICS 

FIGURE 13 - DC CURRENT GAIN 
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MAXIMUM RATINGS 

Rating Symbol 2N4123 2N4124 

Collector-Emitter Voltage VCEO 30 25 

Collector-Base Voltage VCBO 40 30 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 200 

Total Device Dissipation @ TA = 25"C Po 625 
Derate above 25"C 5.0 

Total Device Dissipation @ TC = 25"C Po 1.5 
Derate above 25"C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (T A = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 1.0 mAde, IE = 0) 2N4123 

2N4124 

Collector-Base Breakdown Voltage 
(lC = 10 pAdc, IE = 0) 2N4123 

2N4124 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 20 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) 
(lC = 2.0 mAde, VCE = 1.0 Vde) 2N4123 

2N4124 

(lC = 50 mAde, VCE = 1.0 Vde) 2N4123 
2N4124 

Collector-Emitter Saturation Voltage(l) 
(lC = 50 mAde, IB = 5.0 mAde) 

Base-Emitter Saturation Voltage(l) 
(lC = 50 mAde, IB = 5.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mAde, VCE = 20 Vde, f = 100 MHz) 2N4123 

2N4124 

Input Capacitance 
(VEB = 0.5 Vde,lc = 0, f = 1.0 MHz) 

Collector-Base Capacitance 
(IE = 0, VCB = 5.0 V, f = 1.0 MHz) 

Small-Signal Current Gain 
(lC = 2.0 mAde, VCE = 10 Vde, RS = 10 k ohm, f = 1.0 kHz) 2N4123 

2N4124 

Motoro)a Small-8ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mWrC 

Watt 
mWrC 

"C 

Unit 

"C/W 

"C/W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

tr 

Cibo 

Ccb 

hfe 

2N4123 
2N4124 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

~~ 
1 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

Min Max 

30 -
25 -

40 -
30 -
5.0 -

- 50 

- 50 

50 150 
120 360 

25 -
60 -
- 0.3 

- 0.95 

250 -
300 -
- B.O 

- 4.0 

50 200 
120 480 

Unit 

Vdc 

Vdc 

Vde 

nAde 

nAde 

-

Vdc 

Vde 

MHz 

pF 

pF 

-

2-13 



2N41232N4124 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Current Gain - High Frequency Ihfel -
(Ie = 10 mAdc, VeE = 20 Vdc, f = 100 MHz) 2N4123 2.5 -

2N4124 3.0 -
(Ie = 2.0 mAdc, VeE = 10 V, f = 1.0 kHz) 2N4123 50 200 
(Ie = 2.0 mAdc, VeE = 10 V, f = 1.0 kHz) 2N4124 120 480 

Noise Figure NF dB 
(Ie = 100 pAdc, VeE = 5.0 Vdc, RS = 1.0 k ohm, 2N4123 - 6.0 
f = 1.0 kHz) 2N4124 - 5.0 

(1) Pulse Test: Pulse Width = 300 p.S, Duty Cycle = 2.0%. 
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FIGURE 10 - COLLECTOR SATURlnON HGION 
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MAXIMUM RATINGS 

Rating Symbol 2N4125 2N4126 

Collector-Emitter Voltage VCEO 30 25 

Collector-Base Voltage VCBO 30 25 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous IC 200 

Total Device Dissipation @ TA ~ 25°C PD 625 
Derate above 25°C 5.0 

Total Device Dissipation @ TC ~ 25°C PD 1.5 
Derate above 25°C 12.0 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ROJA 200 

Thermal Resistance, Junction to Case R9JC 83.3 

ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) (lC ~ 1.0 mAde, IE ~ 0) 

Collector-Base Breakdown Voltage (lC ~ 10 JLAdc, IE ~ 0) 

Emitter-Base Breakdown Voltage (IE ~ 10 JLAdc, IC ~ 0) 

Collector Cutoff Current (VCB ~ 20 Vdc, IE ~ 0) 

Emitter Cutoff Current (VEB ~ 3.0 Vdc, IC ~ 0) 

ON CHARACTERISTICS 

DC Current Gain(1) 
(IC ~ 2.0 mAdc, VCE ~ 1.0 Vdc) 

(lc ~ 50 mAde, VCE ~ 1.0 Vdc) 

Collector-Emitter Saturation Voltage (1) 
(lc ~ 50 mAdc, IB ~ 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) 
(lC ~ 50 mAdc, IB ~ 5.0 mAdc) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC ~ 10 mAdc, VCE ~ 20 Vdc, f ~ 100 MHz) 

Input Capacitance 
(VEB ~ 0.5 Vdc, IC ~ 0, f ~ 1.0 MHz) 

Collector-Base Capacitance 
(VCB ~ 5.0 Vdc' IE ~ 0, f ~ 1.0 MHz) 

Small-Signal Current Gain 
(lC ~ 2.0 mAdc, VCE ~ 10 Vdc, f ~ 1.0 kHz) 

Current Gain - High Frequency 
(lC ~ 10 mAdc, VCE ~ 20 Vdc, f ~ 100 MHz) 

Noise Figure 
(lC ~ 100 JLAdc, VCE ~ 5.0 Vdc, RS ~ 1.0 k ohm, 
f ~ 1.0 KHz) 

(1) Pulse Test: Pulse Width", 300 p,sec, Duty Cycle ~ 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mWrC 

Watt 
mWrC 

°c 

Unit 

°C/W 

°C/W 

2N4125 
2N4126 

2N4125 
2N4126 

2N4125 
2N4126 

2N4125 
2N4126 

2N4125 
2N4126 

2N4125 
2N4126 

2N4125 
2N4126 

2N4125 
2N4126 

2N4125 
2N4126 

CASE 29-04, STYLE 1 
TO-92 (TO-226AAI 

3 Collector 

~~ 
1 Emitter 

AMPLIFIER TRANSISTORS 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO 30 - Vdc 
25 -

V(BR)CBO 30 - Vdc 
25 -

V(BRIEBO 4.0 - Vdc 

ICBO - 50 nAdc 

lEBO - 50 nAdc 

hFE -
50 150 
120 360 

25 -
60 -

VCE(sat) - 0.4 Vdc 

VBE(sat) - 0.95 Vdc 

tr MHz 
200 -
250 -

Cibo - 10 pF 

Ccb - 4.5 pF 

hfe -
50 200 
120 480 

Ihfel -
2.0 -
2.5 -

NF dB 
- 5.0 
- 4.0 

2-17 
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FIGURE 1 - CAPACITANCE 
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MAXIMUM RATINGS 

Characteristic Symbol 2N4264 I 2N4265 

Collector-Emitter Voltage VCEO 15 I 12 

Collector-Base Voltage VCBO 30 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous IC 200 

Total Device Dissipation @ T A = 25°C Po 350 
Derate above 25°C 2.B 

Total Device Dissipation @ TC = 25°C Po 1.0 
Derale above 25°C B.O 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 357 

Thermal Resistance, Junction to Case R8JC 125 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IE = 0) 2N4264 

2N4265 

Collector-Base Breakdown Voltage 
(lC = 10 pAde, IC = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAdc, IC = 0) 

Base Cutoff Current 
(VCE = 12 Vde, VEB(off) = 0.25 Vde) 
(VCE = 12 Vde, VEB(off) = 0.25 Vde, TA = 100°C) 

Collector Cutoff Current 
(VCE = 12 Vde, VEB(off) = 0.25 Vde) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.0 mAde, VCE = 1.0 Vde) 2N4264 

2N4265 

(lc = 10 mAde, VCE = 1.0 Vde) 2N4264 
2N4265 

(lC = 10 mAde, VCE = 1.0 Vde, TA = -55°C) 2N4264 
2N4265 

(lC = 30 mAde, VCE = 1.0 Vde) 2N4264 
2N4265 

(lC = 100 mAde, VCE = 1.0 Vde)(l) 2N4264 
2N4265 

(lC = 200 mAde, VCE = 1.0 Vde)(l) 2N4264 
2N4265 

Collector-Emitter Saturation Voltage 
(lc = 10 mAde, IB = 1.0 mAde) 
(lC = 100 mAde, IB = 10 mAde)(l) 

Base-Emitter Saturation Voltage 
(lc = 10 .mAde, IB = 1.0 mAde) 
(lC = 100 mAde, IB = 10 mAde)(l) 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vde 

mAde 

mW 
mWf'C 

Watts 
mWf'C 

°c 

Unit 

0c/w 

0c/w 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBEV 

ICEX 

hFE 

VCE(sat) 

VBE(sat) 

2N4264 
2N4265 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

~~ 
1 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

Min Max 

15 -
12 -
30 -

6.0 -

- 0.1 
- 10 

- 100 

25 -
50 -

40 160 
100 400 

20 -
45 -
40 -
90 -
30 -
55 -

20 -
55 -

- 0.22 
- 0.35 

0.65 O.B 
0.75 0.95 

Unit 

Vde 

Vdc 

Vdc 

pAde 

nAde 

-

Vde 

Vde 
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ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

I Characteristic I Symbol Min Max Unit 

SMAU.-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 300 - MHz 
(IC = 10 mAde, VCE = 10 Vdc, f = 100 MHz) 

Input Capacitance Cibo - 8.0 pF 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

Output Capacitance Cobo - 4.0 pF 
(VCB = 5.0 Vdc, IE = 0, f = 1.0 MHz, IE = 0) 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = 10 Vdc, VEB(off) = 2.0 Vdc, td - 8.0 ns 

Rise Time IC = 100 mAde, IBl = 10 mAde) (Fig. 1, Test Condition C) tr - 15 ns 

Storage Time VCC = 10 Vdc, (IC = 10 mAde, for ts) ts - 20 ns 

Fall Time (IC = 100 mA for tf) 
tf - 15 ns 

(IBl = -10 mAl (IB2 = 10 mAl (Fig. 1, Test Condition C) 

Turn-On Time (VCC = 3.0 Vde, VEB(off) = 1.5 Vde, ton - 25 ns 
IC = 10 mAde, IBl = 3.0 mAde) (Fig. 1, Test Condition A) 

Turn-Off Time (VCC = 3.0 Vde, IC = 10 mAde, toff - 35 ns 
IBl = 3.0 mAde, IB2 = 1.5 mAde) (Fig. 1, Test Condition A) 

Storage Time (VCC = 10 Vde, IC = 10 mA, ts - 20 ns 
IBl = IB2 = 10 mAde) (Fig. 1, Test Condition B) 

Total Control Charge (VCC = 3.0 Vde, IC = 10 mAde, IB = mAde) QT - 80 pC 
(Fig. 3, Test Condition A) 

(1) Pulse Test: Pulse Width = 300 p,s, Duty Cycle = 2.0%. 

TEST 
CONDmON IC Vee Rs He CS(max) VBE(off) V1 Vz V3 

mA V n n pF V V V V 

A 10 3 3300 270 4 -1.5 10.55 -4.15 10.70 

B 10 10 560 960 4 - - -4.65 6.55 

FIGURE 1 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 
Vee 

I~I ii;ti 
V"I:~J?c t:A --

-t ~<20S ..J ~ 1:<20. 

R, 

C 100 10 560 96 12 -2.0 6.35 -4.65 6.55 
PULSE WIDTH 11,1 = 3DD ns DUTY CYCLE = 2% 
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CURRENT GAIN CHARACTERISTICS 

FIGURE 2 - MINIMUM CURRENT GAIN 
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FIGURE 3 - QT TEST CIRCUIT 
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H':~ 
j \=<1"' 

PULSE WIDTH (t,1 ~ 5 '" DUTY CYCLE ~ 2% 

I 
I 

_..1_ 

-1C.<4PF 
_.J 

FIGURE 4 - TURN·OFF WAVEFORM 

C-COPT ~ 
TIME -

NOTE 1 
When a transistor is held in a conductive state by a base current. 

I •• a charge, Qs. is developed or "stored" in the transistor. Qs may be 
written: Q. = Q, + Qv + Qx. 

Q, Is the charge required to develop the required collector current. 
This charge is primarily a function of alpha cutoff frequency. Qy is 
the charge required to charge the collector·base feedback capacity. 
Qx is excess charge resulting from overdrive, I.e., operation in 
saturation. 

The charge required to turn a transistor "on" to the edge of sat· 
uration is the sum of Q. and Qv which is defined as the active region 
charge, QA' QA = '1Itr when the transistor is driven by a constant cur· 

Ie 
rent step (III) and I" < < h,;' 

'f II were suddenly removed, the transistor would continue to con­
duct until Qs is removed from the active regions through an external 
path or through internal recombination. Since the internal recombina­
tion time is long compared to the ultimate capability of a transistor. a 
charge. QT, of opposite polarity, equal in magnitude, can be stored on 
an external capacitor, C, to neutralize the internal charge and con· 
slderably reduce the turn-off time of the transistor. Figure 3 shows 
the test circuit and Figure 4 the turn-off waveform. Given QT from 
Figure 13, the external C for worst-case turn-off in any circuit is: 
C = Q,/ ~ V. where ~ V is defined in Figure 3. 
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FIGURE 5 - COLLECTOR SATURATION REGION 
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DYNAMIC CHARACTERISTICS 
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FIGURE 12 - JUNCTION CAPACITANCE 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltege VCBO 60 

Emitter-Base Voltege VEBO 6.0 

Collector Current - Continuous IC 600 

Totel Device Dissipation @ T A = 25'C PD 625 
Derate above 25'C 5.0 

Totel Device Dissipation @ TC = 25'C PD 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R/IJA 200 

Thermal Resistance, Junction to Case R/lJC 83.3 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 0.1 mAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.1 mAde, IC = 0) 

Base Cutoff Current 
(VCE = 35 Vde, VEB = 0.4 Vde) 

Collector Cutoff Current 
(VCE = 35 Vde, VEB = 0.4 Vde) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lC = 0.1 mAde, VCE = 1.0 Vde) 2N4401 

(lC = 1.0 mAde, VCE = 1.0 Vde) 2N4400 
2N4401 

(lC = 10 mAde, VCE = 1.0 Vde) 2N4400 
2N4401 

(lC = 150 mAde, VCE = 1.0 Vde) 2N4400 
2N4401 

(lc = 500 mAde, VCE = 2.0 Vde) 2N4400 
2N4401 

Collector-Emitter Saturation Voltage 
(lC = 150 mAde, IB ., 15 mAde) 
(lc = 500 mAde, IB = 50 mAde) 

Base-Emitter Saturation Voltage 
(lC = 150 mAde, IB = 15 mAde) 
(lC = 500 mAde,IB = 50 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 20 mAde, VCE = 10 Vde, f = 100 MHz) 2N4400 

2N4401 

Collector-Base Capacitance 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

Rev 1 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWrC 

Watt 
mWrC 

'c 

Unit 

'c/w 

'c/w 

2N4400 
2N4401 * 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBEV 

ICEX 

hFE 

VCE(sat) 

VBE(sat) 

tr 

Ceb 

~~ 
1 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

*Thls is a Motorola 
designated preferred device. 

Min Max 

40 -

60 -

6.0 -

- 0.1 

- 0.1 

20 -
20 -
40 -
40 -
80 -
50 150 
100 300 

20 -
40 -

- 0.4 
- 0.75 

0.75 0.95 
- 1.2 

200 -
250 -
- 6.5 

Unit 

Vde 

Vde 

Vde 

pAde 

pAde 

-

Vde 

Vdc 

MHz 

pF 
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ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max 

Emitter-Base Capacitance Ceb - 30 
(VEB = 0.5 Vdc, IC = 0, I = 1.0 MHz) 

Input Impedance hie 
(lC = 1.0 mAdc, VCE = 10 Vdc, I = 1.0 kHz) 2N4400 0.5 7.5 

2N4401 1.0 15 

Voltage Feedback Ratio hre 0.1 8.0 
(lc = 1.0 mAdc, VCE = 10 Vdc, I = 1.0 kHz) 

Small-Signal Current Gain hie 
(lc = 1.0 mAdc, VCE = 10 Vdc, 1= 1.0 kHz) 2N4400 20 250 

2N4401 40 500 

Output Admittance hoe 1.0 30 
(lC = 1.0 mAdc, VCE = 10 Vdc, 1= 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = 30 Vdc, VBE = 2.0 Vdc, td - 15 

Rise Time IC = 150 mAdc, IBl = 15 mAdc) tr - 20 

Storage Time (VCC = 30 Vdc, IC = 150 mAdc, ts - 225 

Fall Time IBl = IB2 = 15 mAdc) tl - 30 

(1) Pulse Test: Pulse Width .. 300 /LS, Duty Cycle" 2.0%. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 1 - TURN-ON TIME FIGURE 2 - TURN-OFF TIME 

+30 V _I 1- 1.0 to 100 /Ls, 
200 n -I I- 1.0 to 100 /Ls, 

: lEV DUTY CYCLE = 2.0% 

-2.0 V 1.0 kn _I < 2.0 ns 

: +160V~UTY CYCLE = 2.0%. 

_ L_ 

-,.... -14 V 1.0 kn 
:CS"<10pF L l---J - I" <20ns 

Scope rise time < 4.0 ns 
"Total shunt capacitance 01 test jig connectors, and oscilloscope 

TRANSIENT CHARACTERISTICS 
-- 25°C --- 100°C 

FIGURE 3 - CAPACITANCES FIGURE 4 - CHARGE DATA 
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SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 

VCE = 10 Vdc, TA = 25'C 
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h PARAMETERS 
VCE = 10 Vdc, f = 1.0 kHz, TA = 2EoC 

This group of graphs illustrates the relation­
ship between hfe and other "h" parameters 
for this series of transistors. To obtain these 
curves, a high-gain and a low-gain unit were 

FIGURE 11 - CURRENT GAIN 

u; 

selected from both the 2N4400 and 2N4401 
lines, and the same units were used to de­
velop the correspondingly numbered curves 
on each graph. 

FIGURE 12 - INPUT IMPEDANCE 
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FIGURE 13 - VOLTAGE FEEDBACK RATIO FIGURE 14 - OUTPUT ADMITTANCE 

100 

~ 50 
E 

r.... 
2N4401 UNIT 1 

5 
~ V ~ 

2N4401 UNIT 2 

" V 2N4400 UNIT 1 
i'- t-.... l"- V 2N4400 UNIT 2 

~ 20 z g 
::0 10 c ..: 

1<':2 ~ 
~ V 

II 
i.oIII 

I-
5.0 => := 

=> 
0 

J 2.0 

2N4401 UNIT 1 

V 
2N4401 UNIT 2 -

I-- 1""':1-" I' I-"" " 
2N4400 UNIT 1 -

t-" ~ 
2N4400 UNIT 2 -

1.0 ...... I--'" II I U 
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT (mAl IC, COLLECTOR CURRENT (mAl 

STATIC CHARACTERISTICS 

FIGURE 15 - DC CURRENT GAIN 
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FIGURE 16 - COLLECTOR SATURATION REGION 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VCBO 40 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 600 

Total Device Dissipation @ TA ~ 25°C PD 625 
Derate above 25°C 5.0 

Total Device Dissipation @ TC ~ 25°C PD 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RruA 200 

Thermal Resistance, Junction to Case RruC 83.3 

ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) (lC ~ 1.0 mAde, IB ~ 0) 

Collector-Base Breakdown Voltage (lC ~ 0.1 mAde, IE ~ 0) 

Emitter-Base Breakdown Voltage (IE ~ 0.1 mAde, IC ~ 0) 

Base Cutoff Current (VCE ~ 35 Vde, VEB ~ 0.4 Vdc) 

Collector Cutoff Current (VCE ~ 35 Vdc, VEB ~ 0.4 Vde) 

ON CHARACTERISTICS 

DC Current Gain 
(lc ~ 0.1 mAde, VCE ~ 1.0 Vdc) 2N4403 

(lc ~ 1.0 mAde, VCE ~ 1.0 Vdc) 2N4402 
2N4403 

(lc ~ 10 mAde, VCE ~ 1.0 Vdc) 2N4402 
2N4403 

(lc ~ 150 mAde, VCE ~ 2.0 Vde)(l) 2N4402 
2N4403 

(lC ~ 500 mAde, VCE ~ 2.0 Vde)(l) Both 

Collector-Emitter Saturation Voltage(l) 
(lc ~ 150 mAde, IB ~ 15 mAde) 
(lC ~ 500 mAde, IB ~ 50 mAde) 

Base-Emitter Saturation Voltage(l) 
(lC ~ 150 mAde, IB ~ 15 mAde) 
(lC ~ 500 mAde, IB ~ 50 mAde) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC ~ 20 mAde, VCE ~ 10 Vdc, f ~ 100 MHz) 2N4402 

2N4403 

Collector-Base Capacitance 
(VCB ~ 10 Vdc, IE ~ 0, f ~ 1.0 MHz) 

Emitter-Base Capacitance 
(VEB ~ 0.5 Vdc, IC ~ 0, f ~ 1.0 MHz) 

Input Impedance 
(lc ~ 1.0 mAdc, VCE ~ 10 Vdc, f ~ 1.0 kHz) 2N4402 

2N4403 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mWrC 

Watt 
mWrC 

°c 

Unit 

°C/W 

°C/W 

2N4402 
2N4403* 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBEV 

ICEX 

hFE 

VCE(sat) 

VBE(sat) 

for 

Ccb 

Ceb 

hie 

":~ 
1 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 

* This is a Motorola 
designated preferred device. 

Min Max 

40 -
40 -

5.0 -
- 0.1 

- 0.1 

30 -

30 -
60 -

50 -
100 -

50 150 
100 300 

20 -

- 0.4 
- 0.75 

0.75 0.95 
- 1.3 

150 -
200 -

- 8.5 

- 30 

750 7.5k 
1.5k 15k 

Unit 

Vdc 

Vdc 

Vde 

!-<Ade 

!-<Adc 

-

Vdc 

Vde 

MHz 

pF 

pF 

ohms 
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ELECTRICAL CHARACTERISTICS (continued) (T A = 25"C unless otherwise noted.) 

Characteristic Symbol Min Max 

Voltage Feedback Ratio hre 0.1 S.O 
(lC = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain hfe 
(lC = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 2N4402 30 250 

2N4403 60 500 

Output Admittance hoe 1.0 100 
(lC = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = 30 Vdc, VSE = +2.0 Vdc, !d - 15 

Rise Time IC = 150 mAdc, ISl = 15 mAdc) tr - 20 

Storage Time (VCC = 30 Vdc, IC = 150 mAdc, ts - 225 

Fall Time ISl = 15 rnA, IS2 = 15 rnA) tf - 30 

(1) Pulse Test: Pulse Width", 300 p,S, Duty Cycle", 2.0%. 

SWITCHING TIME EQUIVALENT TEST CIRCUIT 
FIGURE 1 - TURN-ON TIME FIGURE 2 - TURN-OFF TIME 
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FIGURE 5 - TURN·ON TIME FIGURE 6 - RISE TIME 
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This group of graphs illustrates the relationship be· 
tween "'- and other "h" parameters for this series 
of transistors. To obtain these curves. a high· gain 
and a low'gain unit were selected from both the 

2N4402 and 2N4403 lines. and the same units 
were used to develop the correspondingly· 
numbered curves on each graph. 
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FIGURE 15 - COLLECTOR SATURATION REGION 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO 80 

Collector-Base Voltage VCBO 120 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 250 

Total Devica Dissipation @ TA = 25"C Po 625 
Derate above 25"C 5.0 

Total Devica Dissipation @TC = 25"C Po 1.5 
Derate above 25"C 12 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistanca, Junction to Ambient RIIJA 200 

Thermal Resistanca, Junction to Case RIIJC 83.3 

ELECTRICAL CHARACTERISTICS ITA = 25"C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 1.0 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(lC = 500 !lAde, VBE = 5.0 Vde, RBE = 8.2 k ohms) 

Collector-Base Breakdown Voltage 
(lC = 10 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 !lAde, IC = 0) 

Collector Cutoff Current 
(VCB = 100 Vde, IE = 0) 
(Vca = 100 Vde, IE = 0, TA = 100"C) 

Emitter Cutoff Current 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (lC = 1.0 mAde, VCE = 1.0 Vde) 
(lC = 10 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage (lC = 1.0 mAde, IB = 0.1 mAde) 

Base-Emitter Saturation Voltage (lC = 1.0 mAde, IB = 0.1 mAde) 

Base-Emitter On Voltage (lC = 1.0 mAde, VCE = 5.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product(2) 
(lc = 10 mAde, VCE = 10 Vde, f = 20 MHz) 

Collector-Base Capaeitanca 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz, emitter guarded) 

Emitter-Base Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz, collector guarded) 

(I) Pulse Test: Pulse Width", 300 /LS, Duty Cycle", 2.0%. 
(2) tr = Ihfel- ftest· 

Rev 1 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWrC 

Watts 
mWrC 

"C 

Unit 

"CIW 

"CIW 

2N4410 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

~~ 
1 Emitter 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N5550 for graphs. 

Symbol Min I Max Unit 

V(BR)CEO 80 - Vde 

V(BR)CEX 120 - Vde 

V(BR)CBO 120 - Vde 

V(BR)EBO 5.0 - Vde 

ICBO !lAde 
- O.ot 
- 1.0 

lEBO - 0.1 !lAde 

hFE 60 - -
60 400 

VCE(sat) - 0.2 Vde 

VBE(sat) - 0.8 Vde 

VBE(on) - 0.8 Vde 

tr 60 300 MHz 

Ceb - 12 pF 

Ceb - 50 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 50 

Collector-Base Voltage VCBO 50 

Emitter-Base Voltage VEBO 3.0 

Collector Current - Continuous IC 50 

Total Device Dissipation @ TA = 25'C PD 625 
Derate above 25'C 5.0 

Total Device Dissipation @ TC = 25'C PD 1.5 
Derate above 25'C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RiJJA 200 

Thermal Resistance, Junction to Case RiJJC 83.3 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lc = 100 ItAdc, IE = 0) 

Collector Cutoff Current 
(VCB = 35 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 3.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 100 ItAdc, VCE = 5.0 Vdc) 2N5086 

2N5087 

(lc = 1.0 mAde, VCE = 5.0 Vdc) 2N5086 
2N5087 

(lC = 10 mAde, VCE = 5.0 Vdc)(2) 2N5086 
2N5087 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

Base-Emitter On Voltage 
(lC = 1.0 mAde, VCE = 5.0 Vdc) 

SMALL·SIGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product 
(lC = 500 ItAdc, VCE = 5.0 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(VCB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(lC = 1.0 mAde, VCE = 5.0 Vdc, f = 1.0 kHz) 2N5086 

2N5087 

Noise Figure 
(lC = 20 ItAdc, VCE = 5.0 Vdc, RS = 10 k ohms, 2N5086 
f = 1.0 kHz) 2N5087 

(lC = 100 ItAdc, VCE = 5.0 Vdc, RS = 3.0 k ohms, 2N5086 
f = 1.0 kHz) 2N5087 

(2) Pulse Test: Pulse Width" 300 p,S, Duty Cycle" 2.0%. 

Motorola Small-8ignal TranSistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mWI"C 

Watts 
mWI"C 

·C 

Unit 

·C/W 

·C/W 

2NS086 
2NS087* 

CASE 29-04, STYLE 1 
TO-92 (TO-226AAI 

3 Collector 

.:.{Q 
3 1 Emitter 

AMPLIFIER TRANSISTORS 

PNPSILICON 

Symbol 

V(BR)CEO 

V(BR)CBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

for 

Ccb 

hfe 

NF 

*This is a Motorola 
designated preferred device. 

Min Max 

50 -

50 -

- 50 

- 50 

150 500 
250 800 

150 -
250 -

150 -
250 -
- 0.3 

- 0.85 

40 -

- 4.0 

150 600 
250 gOO 

- 3.0 
- 2.0 

- 3.0 
- 2.0 

Unit 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

-

dB 
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TYPICAL NOISE CHARACTERISTICS 
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TYPICAL STATIC CHARACTERISTICS 

FIGURE 6 - DC CURRENT GAIN 
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FIGURE 8 - COLLECTOR CHARACTERISTICS 
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TYPICAL DYNAMIC CHARACTERISTICS 
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FIGURE 15 - INPUT IMPEDANCE 
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FIGURE 17 - THERMAL RESPONSE 
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The safe operating area curves indicate IC-VCE limits 
of the transistor that must be observed for reliable oper­
ation. Collector load lines for specific circuits must fall 
below the limits indicated by the applicable curve. 

The data of Figure 20 is based upon T J(pk) = 150oC; 
TC or TA is variable depending upon conditions. Pulse 
curves are valid for duty cycles to 10% provided T J(pk)';;; 
150oC. T J(pk) may be calculated from the data in Figure 
19. At high case or ambient temperatures, thermal limi­
tations will reduce the power that can be handled to 
values less than the limitations imposed by second break­
down . 

DESIGN NOTE: USE OF THERMAL RESPONSE DATA 

A train of periodical power pulses can be represented by 
the model as shown in Figure 19A. Using the model and the 
device thermal response the normalized effective transient 
thermal resistance of Figure 19 was calculated for various 
duty cycles. 

To find ZOJA(t), mUltiply the value obtained from 
Figure 19 by the steady state value ROJA. 
Example: 
The MPS3905 is dissipating 2.0 watts peak under the 
following conditions: 

tl = 1.0 ms, t2 = 5.0 ms (D = 0.2) 
Using Figure 19 at a pulse width of 1.0 ms and D = 0.2, 
the reading of r(t) is 0.22. 
The peak rise in junction temperature is therefore 

6T = r(t) x P(pk) x ROJA = 0.22 x 2.0 x 200 = BBoC. 
For more information. see AN-569. 
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MAXIMUM RATINGS 
Rating Symbol 2N5088 2N5089 Unit 

Collector-Emitter Voltage VCEO 30 25 Vdc 

Collector-Base Voltage VCBO 35 30 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous IC 50 mAdc 

Total Device Dissipation @ T A = 25'C Po 625 mW 
Derate above 25'C 5.0 mWfC 

Total Device Dissipation @ TC = 25'C Po 1.5 Watt 
Derate above 25'C 12 mWfC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 'c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA(l) 200 'CIW 

Thermal Resistance, Junction to Case R8JC 83.3 'CIW 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) (lC = 1.0 mAdc, IB = 0) 2N5088 
2N5089 

Collector-Base Breakdown Voltage (lC = 100 !lAde, IE = 0) 2N5088 
2N5089 

Collector Cutoff Current (VCB = 20 Vdc, IE = 0) 2N5088 
(VCB = 15 Vdc, IE = 0) 2N5089 

Emitter Cutoff Current (VEB(off) = 3.0 Vdc, IC = 0) 
(VEB(off) = 4.5 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 100 !lAdc, VCE = 5.0 Vdc) 2N5088 

2N5089 

(lC = 1.0 mAdc, VCE = 5.0 Vdc) 2N5088 
2N5089 

(lC = 10 mAdc, VCE = 5.0 Vdc)(2) 2N5088 
2N5089 

Collector-Emitter Saturation Voltage 
(lC = 10 mAdc, IB = 1.0 mAdc) 

Base-Emitter On Voltage 
(lC = 10 mAdc, VCE = 5.0 Vdc)(2) 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 500 !lAdc, VCE = 5.0 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(VCB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(lC = 1.0 mAdc, VCE = 5.0 Vdc, f = 1.0 kHz) 2N5088 

2N5089 

Noise Figure 
(lC = 100 !lAdc, VCE = 5.0 Vdc, RS = 10 k ohms, 2N5088 
f = 1.0 kHz) 2N5089 

(1) R8JA is measured with the device soldered into a tYPIcal printed CirCUIt board. 
(2) Pulse Test: Pulse Width .. 300 p.S, Duty Cycle .. 2.0%. 

.2NS088 
2 NS089 

CASE 29-04, STYLE 1 
TO-92 (TO-226AAI 

3 Collector 

~~ 
1 Emitter 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to MPSA 18 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 30 - Vdc 
25 -

V(BR)CBO 35 - Vdc 
30 -

ICBO - 50 nAdc 
- 50 

lEBO - 50 nAdc 
- 100 

hFE -
300 900 
400 1200 

350 -
450 -
300 -
400 -

VCE(sat) - 0.5 Vdc 

VBE(on) - 0.8 Vdc 

tr 50 - MHz 

Ccb - 4.0 pF 

Ceb - 10 pF 

hfe -
350 1400 
450 1800 

NF dB 
- 3.0 
- 2.0 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 50 

Collector-Base Voltage VCBO 50 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous IC 50 

Total Device Dissipation @ T A = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @ T C = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R6JA 200 

Thermal Resistance, Junction to Case R6JC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Charactaristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, 'B = 0) 

Collector-Base Breakdown Voltage 
(lC = 0.1 mAde, IE = 0) 

Collector Cutoff Current 
(VCB = 35 Vde, 'E = 0) 

Emitter Cutoff Current 
(VEB = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 100 pAde, VCE = 5.0 Vde) 2N5209 

2N5210 

(lC = 1.0 mAde, VCE = 5.0 Vde) 2N5209 
2N5210 

(lC = 10 mAde, VCE = 5.0 Vde)(l) 2N5209 
2N5210 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, 'B = 1.0 mAde) 

Base-Emitter On Voltage 
(lC = 1.0 mAde, VCE = 5.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 500 pAde, VCE = 5.0 Vde, I = 20 MHz) 

Collector-Base Capacitance 
(VCB = 5.0 Vde, 'E = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(lc = 1.0 mAde, VCE = 5.0 Vde, f = 1.0 kHz) 2N5209 

2N5210 

Noise Figure 
(lC = 20 pAde, VCE = 5.0 Vde, RS = 22 k ohms, 2N5209 
f = 1.0 kHz) 2N5210 

(lC = 20 pAde, VCE = 5.0 Vde, RS = 10 k ohms, 2N5209 
f= 1.0 kHz) 2N5210 

(1) Pulse Test: Pulse Width = 300 I'S, Duty Cycle = 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWrC 

Watt 
mWrC 

°c 

Unit 

0c/w 

°CIW 

2N5209 
2N5210 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

.:.~ 
1 Emitter 

AMPLIFIER TRANSISTORS 

NPNSILICON 

Refer to MPSA 18 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 50 - Vde 

V(BR)CBO 50 - Vde 

'CBO - 50 nAde 

lEBO - 50 nAde 

hFE -
100 300 
200 600 

150 -
250 -

150 -
250 -

VCE(sat) - 0.7 Vde 

VBE(on) - 0.85 Vde 

IT 30 - MHz 

Ceb - 4.0 pF 

hIe -
150 600 
250 900 

NF dB 
- 3.0 
- 2.0 

- 4.0 
- 3.0 
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MAXIMUM RATINGS 

Rating Symbol 2N5400 2N5401 

Collector-Emitter Voltage VCEO 120 150 

Collector-Base Voltage VCBO 130 160 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 600 

Total Device Dissipation @ TA = 25·C PD 625 
Derate above 25·C 5.0 

Total Device Dissipation @ TC = 25·C PD 1.5 
Derate above 25·C 12.0 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 1.0 mAdc, IB = 0) 2N5400 

2N5401 

Collector-Base Breakdown Voltage 
(lc = 100 !lAdc, IE = 0) 2N5400 

2N5401 

Emitter-Base Breakdown Voltage 
(IE = 10 !lAdc, IC = 0) 

'Collector Cutoff Current 
(VCB = 100 Vdc, IE = 0) 2N5400 
(VCB = 120 Vdc, IE = 0) 2N5401 
(VCB = 100 Vdc, IE = 0, TA = 100·C) 2N5400 
(VCB = 120 Vdc, IE = 0, TA = 100·C) 2N5401 

Emitter Cutoff Current 
(VEB = 3.0 Vdc, IC = 0) 

ON CHARACTERISTlCS(1) 

DC Current Gain 
(lC = 1.0 mAdc, VCE = 5.0 Vdc) 2N5400 

2N5401 

(lC = 10 mAdc, VCE = 5.0 Vdc) 2N5400 
2N5401 

(lC = 50 mAdc, VCE = 5.0 Vdc) 2N5400 
2N5401 

Collector-Emitter Saturation Voltage 
(lC = 10 mAdc, IB = 1.0 mAdc) 
(lC = 50 mAdc, IB = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
(lC = 10 mAdc, IB = 1.0 mAdc) 
(lC = 50 mAdc, IB = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mAdc, VCE = 10 Vdc, f = 100 MHz) 2N5400 

2N5401 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWrC 

Watt 
mWrC 

·C 

Unit 

·CIW 

·CIW 

2N5400 
2N5401* 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

~~'~" 
1 Emitter 

AMPLIFIER TRANSISTORS 
PNP$ILICON 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

IT 

Cobo 

*This is a Motorola 
designated preferrad device. 

Min Max 

120 -
150 -

130 -
160 -
5.0 -

- 100 
- 50 
- 100 
- 50 

- 50 

30 -
50 -

40 180 
60 240 

40 -
50 -

- 0.20 
- 0.5 

- .1.0 
- 1.0 

100 400 
100 300 

- 6.0 

Unit 

Vdc 

Vdc. 

Vdc 

nAdc 

!lAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 
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2N5400 2N5401 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max 

Small-Signal Current Gain hfe 
(lC = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 2N5400 30 200 

2N5401 40 200 

Noise Figure NF - 8.0 
(lC = 250 pAdc, VCE = 5.0 Vdc, 
Rs = 1.0 kohm, f = 1.0 kHz) 

(1) Pulse Test: Pulse W,dth = 300 ,.s, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 
Rating Symbol 2N5550 2N5551 

Collector-Emitter Voltage VCEO 140 160 

Collector-Base Voltage VCBO 160 180 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous IC 600 

Total Device Dissipation @ T A = 25"C Po 625 
Derate above 25"C 5.0 

Total Device Dissipation @ TC = 25"C Po 1.5 
Derate above 25"C 12 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (T A = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lC = 1.0 mAde, IB = 0) 2N5550 

2N5551 

Collector-Base Breakdown Voltage 
(lC = 100 pAde, IE = 0) 2N5550 

2N5551 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 100 Vde, IE = 0) 2N5550 
(VCB = 120 Vde, IE = 0) 2N5551 
(VCB = 100 Vde, IE = 0, TA = 100"C) 2N5550 
(VCB = 120 Vde, IE = 0, TA = 100"C) 2N5551 

Emitter Cutoff Current 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTlCS(1) 

DC Current Gain 
(lC = 1.0 mAde, VCE = 5.0 Vde) 2N5550 

2N5551 

(lC = 10 mAde, VCE = 5.0 Vde) 2N5550 
2N5551 

(lC = 50 mAde, VCE = 5.0 Vde) 2N5550 
2N5551 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) Both Types 

(lC = 50 mAde, IB = 5.0 mAde) 2N5550 
2N5551 

Base-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) Both Types 

(lC = 50 mAde, IB = 5.0 mAde) 2N5550 
2N5551 

(1) Puis. Test: Pulse Width = 300 p.s, Duty Cycle = 2:0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWrC 

Watt 
mWrC 

"C 

Unit 

"C/W 

"CIW 

2N5550 
2N5551* 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

.~-EQ 
1 Emitter 

AMPLIFIER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

140 -
160 -

160 -
180 -
6.0 -

- 100 
- 50 
- 100 
- 50 

- 50 

60 -
80 -

60 250 
80 250 

20 -
30 -

- 0.15 

- 0.25 
- 0.20 

- 1.0 

- 1.2 
- 1.0 

Unit 

Vde 

Vde 

Vde 

nAde 

pAde 

nAde 

-

Vde 

Vde 
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2N5550 2N5551 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mAde, VCE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
NEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 2N5550 

2N5551 

Smail-Signal Current Gain 
(lC = 1.0 mAde, VCE = 10 Vdc, f = 1.0 kHz) 

Noise Figure 
(lC = 250 ,.Adc, VCE = 5.0 Vdc, Rs = 1.0 k ohm, 2N5550 

z 

f = 1.0 kHz) 
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Min Max Unit 
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FIGURE 3 - COLLECTOR CUT-OFF REGION 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VCBO 40 

Emitter-Base Voltage VEBO 12 

Collector Current - Continuous IC 500 

Total Device Dissipation @ T A = 25"C Po 625 
Derate above 25"C 5.0 

Total Device Dissipation @ TC = 25"C Po 1.5 
Derate above 25"C 12 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RruA 200 

Thermal Resistance, Junction to Case RruC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 10 mAde, VBE = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current 
(VCE = 25 Vde, IB = 0) 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 10 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 
(lC = 10 mAde, VCE = 5.0 Vdc) 2N6426 

2N6427 

(lC = 100 mAde, VCE = 5.0 Vde) 2N6426 
2N6427 

(lC = 500 mAde, VCE = 5.0 Vde) 2N6426 
2N6427 

Collector-Emitter Saturation Voltage 
(lC = 50 mAde, IB = 0.5 mAde) 
(IC = 500 mAde, IB = 0.5 mAde) 

Base-Emitter Saturation Voltage 
(lc = 500 mAde, IB = 0.5 mAde) 

Base-Emitter On Voltage 
(lc = 50 mAde, VCE = 5.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 1.0 Vdc, IC = 0, f = 1.0 MHz) 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mWrC 

Watts 
mWrC 

"C 

Unit 

"C/W 

"CIW 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICES 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

VBE(on) 

Cobo 

Cibo 

2N6426* 
2N6427 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

Collector 3 

DARLINGTON TRANSISTORS 

NPNSILICON 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

40 - -

40 - -
12 - -

- - 1.0 

- - 50 

- - 50 

20,000 - 200,000 
10,000 - 100,000 

30,000 - 300,000 
20,000 - 200,000 

20,000 - 200,000 
14,000 - 140,000 

- 0.71 1.2 

- 0.9 1.5 

- 1.52 2.0 

- 1.24 1.75 

- 5.4 7.0 

- 10 15 

Unit 

Vdc 

Vde 

Vdc 

pAde 

nAde 

nAde 

-

Vdc 

Vde 

Vde 

pF 

pF 
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2N6426 2N6427 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25'C unless otherwise noted) 

Characteristic Symbol Min Typ Max 

Input Impedance hie 
(lc = 10 mAde, VCE = 5.0 Vde, f = 1.0 kHz) 2N6426 100 - 2000 

2N6427 50 - 1000 

Small-Signal Current Gain hfe 
(lc = 10 mAde, VCE = 5.0 Vde, f = 1.0 kHz) 2N6426 20,000 - -

2N6427 10,000 - -
Current Gliin - High Frequency Ihfel 

(lC = 10 mAde, VCE = 5.0 Vde, f = 100 MHz) 2N6426 1.5 2.4 -
2N6427 1.3 2.4 -

Output Admittance hoe - - 1000 
(lC = 10 mAde, VCE = 5.0 Vde, f = 1.0 kHz) 

Noise Figure NF - 3.0 10 
(lC = 1.0 mAde, VCE = 5.0 Vde, RS = 100 kG, 
f = 1.0 kHz) 

(1) Puis. Test: Puis. Width .. 3OO,.s, Duty Cycl ... 2.0%. 

FIGURE 1 - TRANSISTOR NOISE MODEL 
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FIGURE 4 - TOTAL WIDEBAND NOISE VOLTAGE 
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FIGURE 10 - "ON" VOLTAGES 
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MAXIMUM RATINGS 

2N6516 2N6517 
Rating Symbol 2N6515 2N6519 2N6520 

Collector-Emitter Voltage VCEO 250 300 350 

Collector-Base Voltage CCBO 250 300 350 

Emitter-Base Voltage VEBO 
2N6515, 2N6516, 2N6517 6.0 
2N6519,2N6520 5.0 

Base Current IB 250 

Collector Current - Continuous IC 500 

Total Device Dissipation Po 625 
@TA=25'C 5.0 
Derate above 25'C 

Total Device Dissipation Po 1.5 
@TC = 25'C 12 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 1.0 mAde,lB = 0) 2N6515 

2N6516,2N6519 
2N6517, 2N6520 

Collector-Base Breakdown Voltage 
(lC = 100 pAde, IE = 0) 2N6515 

2N6516,2N6519 
2N6517,2N6520 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) 2N6515, 2N6516, 2N6517 

2N6519, 2N6520 

Collector Cutoff Current 
(VCB = 150 Vde, IE = 0) 2N6515 
(VCB = 200 Vde, IE = 0) 2N6516,2N6519 
(VCB = 250 Vde, IE = 0) 2N6517,2N6520 

Emitter Cutoff Current 
(VEB = 5.0 Vde, IC = 0) 2N6515, 2N6516, 2N6517 
(VEB = 4.0 Vde, IC = 0) 2N6519, 2N6520 

ON CHARACTERISTICS(ll 

DC Current Gain 
(lC = 1.0 mAde, VCE = 10 Vdel 2N6515 

2N6516,2N6519 
2N6517, 2N6520 

(lC = 10 mAde, VCE = 10 Vdel 2N6515 
2N6516, 2N6519 
2N6517, 2N6520 

(lC = 30 mAde, VCE = 10 Vdel 2N6515 
2N6516,2N6519 
2N6517, 2N6520 

(lC = 50 mAde, VCE = 10 Vdel 2N6515 
2N6516,2N6519 
2N6517, 2N6520 

(lC = 100 mAde, VCE = 10 Vde) 2N6515 
2N6516,2N6519 
2N6517, 2N6520 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

mAde 

mW 
mWI'C 

Watts 
mWI'C 

'c 

Unit 

'c/w 

'CIW 

NPN 

2N6515 
thru 2N6517* 

PNP 

2N6519(2) 
2N6520*(2) 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

,~~'-~~.-' 
1 1 Emitter 1 Emitter 

23 NPN PNP 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

HIGH VOLTAGE 
TRANSISTORS 

*This is a Motorola 
designated preferred device. 

Min Max 

250 -
300 -
350 -

250 -
300 -
350 -

6.0 -
5.0 -

- 50 
- 50 
- 50 

- 50 
- 50 

35 -
30 -
20 -
50 -
45 -
30 -
50 300 
45 270 
30 200 

45 220 
40 200 
20 200 

25 -
20 -
15 -

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-
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NPN 2N6515 thru 2N6517 PNP 2N6519 2N6520 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted) 

Characteristic 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 
(lC = 20 mAde, IB = 2.0 mAde) 
(lC = 30 mAde, IB = 3.0 mAde) 
(lC = 50 mAde, IB = 5.0 mAde) 

Base-Emitter Saturation Voltage 
(lc = 10 mAde, IB = 1.0 mAde) 
(lc = 20 mAde, IB = 2.0 mAde) 
(lc = 30 mAde, IB = 3.0 mAde) 

Base-Emitter On Voltage 
(lC = 100 mAde, VCE = 10 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(l) 
(lC = 10 mAde, VCE = 20 Vde, f = 20 MHz) 

Collector-Base Capacitance 
(VCB = 20 Vde, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) 2N6515 thru 2N6517 

2N6519,2N6520 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(Vec = 100 Vde, VBE(off) = 2.0 Vde, Ie = 50 mAde, IBI = 10 mAde) 

Turn-Off Time 
(Vee = 100 Vde, Ie = 50 mAde, IBI = IB2 = 10 mAde) 

(1) Pulse Test: Pulse Width", 300 ,.., Duty Cycle", 2.0%. 
(2) Voltage and current are negative for PNP transistors. 

NPN 

Symbol Min Max 

VCE(SBt) 
- 0.30 
- 0.35 
- 0.50 
- 1.0 

VBE(sat) 
- 0.75 
- 0.85 
- 0.90 

VBE(on) - 2.0 

tr 40 200 

Ceb - 6.0 

Ceb 
- 80 
- 100 

ton - 200 

toff - 3.5 

PNP 

FIGURE 1 - DC CURRENT GAIN 
2N6515,2N6516 

200 
VCE = 10 V TJ = 1250C - lloc 0 10 z 

;;: 
_r-" '" .... 70 

~ a 5 

'" c 

~ 
~ 3 

f-" 
0 

oV 

20 
1.0 

~5~OC -..-
~ -I-' 

2.0 3.0 5.0 7.0 10 20 

IC. COLLECTOR CURRENT (rnA) 

'1\ 

30 50 70 100 

200 

~ 100 
'" .... 
IJl ~ 70 

a 
'" 50 c 

~ 
30 

20 
-1.0 

2N6519 

VCE = -10V TJ ~ lJoc 

zk ---

sh 

-2.0 -3.0 -5.0 -7~ -10 -20-30 
IC. COLLECTOR CURRENT (rnA) 

Unit 

Vde 

Vde 

Vdc 

MHz 

pF 

pF 

/.IS 

/.IS 

..... 

-50 -70 -100 
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NPN 2N6515 thru 2N6517 PNP 2N6519 2N6520 

FIGURE 2 - DC CURRENT GAIN 
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FIGURE 3 - CURRENT -GAIN - BANDWIDTH PRODUCT 
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NPN 2N6515 thru 2N6517 PNP 2N6519 2N6520 

2.S 

2.0 

~ I.S 

~ 1.0 

FIGURE 5 - TEMPERATURE COEFFICIENTS 
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FIGURE 6 - CAPACITANCE 
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FIGURE 7 - TURN-ON TIME 

2N6515, 2N6516, 2N6517 

VCE(off)- 100 V 

td @V8Eloffl = 2.0 V- t-- ICIIB=S.O ....., 

" TJ - 25°C 

"'" ....... 
t,. ..... 

r-. 

......... 

2.0 3.0 5.0 7.0 10 20 30 SO 70 100 
IC, COLLECTOR CURRENT (mAl 

1.0 k 
700 

500 

300 

200 

~ 100 
w 

'" >= 
70 
50 

30 

20 

10 
-1.0 

2N6519,2N6520 

VCEloff) 100 V 

td@VBE(off) 2.0 V t-- '018 5.0 
TJ - 25°C 

tr 

........... 

-2.0 -3.0 -aD -7.0 -10 -ro -30 -50 -70 -100 
IC, COLLECTOR CURRENT (mAl 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 



NPN 2N6515 thru 2N6517 PNP 2N6519 2N6520 

I 
FIGURE 8 - TURN-OFF TIME 
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FIGURE 9 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 10 - THERMAL RESPONSE 
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Motorola Small-Signal Transistors, FETs and Diodes Device Data 

--ZOJC(II = r(ll· ROJC TJ(pk)- TC = Plpkl ZOJC(I) 
--- ZoJA(W r(ll· ROJA TJ(pkl- TA = P(pkl ZOJA(I) 

III II III II 
50 100 200 500 1.0 k 2.0 k 5.0 k 10 k 

t,TIME(ms) 
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NPN 2N6515 thril2N6517 PNP 2N6519 2N6520 

FIGURE 11 - ACTIVE REGION SAFE OPERATING AREA 
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DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 

Figure A 

l-tp-1 
Pp 

I 
--, t1 t-- ·1 

I I I 
1-1/1 ----1 

Duty Cycle:=: t1 f "'~ 
tp 

Peak Pulse Power = Pp 

Pp 
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MAXIMUM RATINGS 
Rating Symbol Be Be Be Unit 

182 183 184 

Collector-Emitter Voltage VCEO 50 30 30 Vdc 

Collector-Base Voltage VCBO 60 45 45 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous IC 100 mAdc 

Total Device Dissipation @ T A = 25°C PD 350 mW 
Derate above 25°C 2.8 mW/oC 

Total Device Dissipation @TC = 25°C PD 1.0 Watt 
Derate above 25°C 8.0 mW/oC 

Operating and Storage Junction TJ. Tstg - 55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R6JA 357 'c/w 

Thermal Resistance, Junction to Case R6JC 125 'c/w 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(lC = 2.0 mA, IB = 0) BC182 

BC183 
BC184 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = 10 p,A, IE = 0) BC182 

BC183 
BC184 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 p,A, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 50 V, VBE = 0) BC182 
(VCB = 30 V, VBE = 0) BCI83 

BC184 

Emitter-Base Leakage Current lEBO 
(VEB = 4.0 V, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = 10 /LA, VCE = 5.0 V) BC182 

BC183 
BCI84 

(lc = 2.0 mA, VCE = 5.0 V) BC182 
BCl83 
BC184 

(lc = 100 mA, VCE = 5.0 V) BC182 
BC183 
BCI84 

Collector-Emitter On Voltage (lC = 10 mA, IB = 0.5 rnA) VCE(sat) 
(lC = 100 mA, IB = 5.0 mAl' 

Base-Emitter Saturation Voltage (lC = 100 rnA, IB = 5.0 mAIo VBE(sat) 

Base-Emitter On Voltage (lc = 100/LA, VCE = 5.0 V) VBE(on) 
(lc = 2.0 rnA, VCE = 5.0 V) 
(lc = 100 mA, VCE = 5.0 V)" 

'Pulse Test: Tp 300 s, Duty Cycle 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

BCI82,A,B 
BCl83 
BCI84 

CASE 29·04, STYLE 17 
TO·92 (TO·226AA) 

1 Collector 

~~ 
3 Emitter 

3 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to BC237 for graphs. 

Min Typ Max Unit 

V 
50 - -
30 - -
30 - -

V 
60 - -
45 - -
45 - -
6.0 - - V 

nA 
- 0.2 15 
- 0.2 15 
- 0.2 15 

- - 15 nA 

40 - -
40 - -
100 - -

120 - 500 
120 - 800 
250 - 800 

80 - -
80 - -
130 - -
- 0.07 0.25 V 
- 0.2 0.6 

- - 1.2 V 

- 0.5 - V 
0.55 0.62 0.7 
- 0.83 -
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BCi82,A,B BCi83 Bei84 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

I Characteristic I Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product for MHz 
(lC = 0.5 mA, VCE = 3.0 V, f = 100 MHz) BC182 - 100 -

BCI83 - 120 -
BC184 - 140 -

(lc = 10 mA, VCE = 5.0 V, f = 100 MHz) BC182 150 200 -
BC183 150 240 -
BCI84 150 280 -

Common Base Output Capacitance Cob - - 5.0 pF 
(VCB = 10 V, IC = 0, f = 1.0 MHz) 

Common Base Input Capacitance Cib - 8.0 - pF 
(VEB = 0.5 V, IC = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 
(lC = 2.0 mA, VCE = 5.0 V, f = 1.0 kHz) BC182 125 - 500 

BC183 125 - 900 
BC184 240 - 900 
BC182A 125 - 260 
BC182B 240 - 500 

Noise Figure NF dB 
(lC = 0.2 mA, VCE = 5.0 V, RS = 2.0 k ohms, 
f = 1.0 kHz) 
(lC = 0.2 mA, VCE = 5.0 V, RS = 2.0 k ohms, BCI84 - 2.0 4.0 
f = 1.0 kHz, f = 200 Hz) BC182 - 2.0 10 

BC183 - 2.0 10 
BC184 - 2.0 4.0 
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MAXIMUM RATINGS 
Be BC BC 

Rating Symbol 212 213 214 

Collector-Emitter Voltage VCEO -50 -30 -30 

Collector-Base Voltage VCBO -60 -45 -45 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -100 

Total Device Dissipation @TA = 25'C Po 350 
Derate above 25'C 2.8 

Total Device Dissipation @ TC = 25'C Po 1.0 
Derate above 25'C 8.0 

Operating and Storage Junction TJ. Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance. Junction to Ambient R6JA 357 

Thermal Resistance. Junction to Case R6JC 125 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted). 

Characteristic Type 

Collector-Emitter Breakdown Voltage 
(lC = - 2.0 mAdc. IB = 0) BC212 

BC213 
BC214 

Collector-Base Breakdown Voltage 
(lc = -10 !<A. IE = 0) BC212 

BC213 
BC214 

Emitter-Base Breakdown Voltage 
(IE = -10 !<Adc. IC = 0) BC212 

BC213 
BC214 

Collector-Emitter Leakage Current 
(VCB = -30 V) BC212 

BC213 
BC214 

Emitter-Base Leakage Current 
(VEB = -4.0 V. IC = 0) BC212 

BC213 
BC214 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -10 !<Adc. VCE = -5.0 Vdc) BC212 

BC213 
BC214 

(lc = -2.0 mAdc. VCE = -5.0 Vdc) BC212 
BC213 
BC214 

(lC = -100 mAde. VCE = -5.0 Vdc)* BC212. BC214 
BC213 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWrC 

Watt 
mWrC 

·C 

Unit 

.c/w 

.c/w 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

BC212,B 
BC213 
BC214 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 

1 Collector 

~~ 
3 Emitter 

AMPLIFIER TRANSISTORS 

PNPSIUCON 

Refer to BC307 for graphs. 

Min Typ Max Unit 

Vdc 
-50 - -
-30 - -
-30 - -

Vdc 
-60 - -
-45 - -
-45 - -

Vdc 
-5 - -
-5 - -
-5 - -

nAdc 
- - -15 
- - -15 
- - -15 

nAdc 
- - -15 
- - -15 
- - -15 

40 - -
40 - -
100 - -

60 - -
80 - -
140 - 600 

- 120 -
- 140 -
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BC212,B BC213 BC214 

ELECTRICAL CHARACTERISTICS (continued) (TA = 2SoC unless otherwise noted). 

Characteristic Type Symbol Min Typ Max Unit 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(lc = -10 mAde, IB = -O.S mAde) - -0.10 -
(lc = -100 mAde, IB = - S.O mAde)* - -0.2S -0.6 

Base-Emitter Saturation Voltage VBE(sat) - -1.0 -1.4 Vde 
(lC = -l00mAde,IB = -S.OmAde) 

Base-Emitter On Voltage VBE(on) -0.6 -0.62 -0.72 Vde 
(lC = - 2.0 mAde, VCE = - 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product 1,- MHz 
(lC = -10mAde,VCE = -S.OVde, 
f = 100 MHz) BC212 - 280 -

BC214 - 320 -
BC213 - 360 -

Common-Base Output Capacitance Cob - - 6.0 pF 
(VCB = -10 Vde, IC = 0, f = 1.0 MHz) 

Noise Figure NF dB 
(lC = -0.2 mAde, VCE = -S.O Vde, 
RS = 2.0 k ohms, f = 1.0 kHz) BC214 - - 2 
(lC = -0.2 mAde, VCE = -S.O Vde, 
RS = 2.0 k ohms, f = 1.0 kHz, f = 200 Hz) BC213 - - 10 

BC212 - - 10 

Small Signal Current Gain hfe 
(lC = -2.0 mAde, VCE = -S.O Vde, f = 1.0 kHz) BC212 60 - -

BC213 80 - -
BC214 140 - -

BC212B 200 - 400 

• Pulst-test: Tp 300 s, Duty-cycle 2%. 
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MAXIMUM RATINGS 
Rating Symbol BC BC BC Unit 

237 238 239 
Collector-Emitter Voltage VCEO 45 25 25 Vdc 

Collector-Emitter Voltage VCES 50 30 30 Vdc 

Emitter-Base Voltage VEBO 6.0 5.0 5.0 Vdc 

Collector Current - Continuous IC 100 mAdc 

Total Device Dissipation @ T A = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/oC 

Total Device Dissipation @ TC = 25°C Po 1.0 Watt 
Derate above 25°C 8.0 mW/oC 

Operating and Storage Junction 
Temperature Range 

TJ. Tstg -55 to +150 °c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance. Junction to Ambient R8JA 357 'CIW 

Thermal Resistance. Junction to Case RI/JC 125 'CIW 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic . I Type I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 8C237 V(BR)CEO 
(IC = 2.0 rnA. IB = 0) BC238 

BC239 

Emitter-Base Breakdown Voltage BC237 V(BR)EBO 
(IE = 100 flA. IC = 0) BC238 

BC239 

Collector Cutoff Current 
(VCE = 30 V. VBE = 0) BC238 ICES 

(VCE = 50 V. VBE = 0) 
BC239 
BC237 

(VCE = 30 V. VBE = 0) TA = 125°C BC238 

(VCE = 50 V. VBE = 0) TA = 125°C 
BC239 
BC237 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 10 flA. VCE = 5 V) hFE 

BC237A 
BC237B/238B 

BC237C/238C/239C 

(lc = 2 mAo VCE = 5 V) BC237 
BC238 
BC239 

BC237A 
BC237B/238B 

BC237C/238C/239C 

(IC = 100 rnA. VCE = 5 V) BC237A 
BC2378/238B 

8C237C/238C/239C 

Collector-Emitter On Voltage 
(lc = 10 rnA. 18 = 0.5 rnA) BC237/BC238/BC239 VCE(sat) 
(lC = 100 mA.IB = 5 mAl BC237/BC239 

BC238 

Base-Emitter Saturation Voltage 
(lC = 10 rnA. IB = 0.5 rnA) VBE(sat) 
(IC = 100 rnA. IB = 5 mAl 

Base-Emitter On Voltage VBE(on) 
(lC = 100 flA. VCE = 5 V) 
(IC = 2 rnA. VCE = 5 V) 
(lc= 100mA,VCE=5V) 

Motorola Small-8ignal Transistors. FETs and Diodes Device Data 

BC237,A,B,C 
BC238,B,C 
BC239,C 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Min. Typ. Max. Unit 

45 V 
25 
25 

6 V 
5 
5 

0.20 15 nA 
0.20 15 
0.20 15 

0.20 4 flA 
0.20 4 
0.20 4 

90 
150 
270 

120 800 
120 800 
120 800 
120 170 220 
200 290 460 
380 500 800 

120 
180 
300 

0.07 0.20 V 
0.20 0.60 

0.8 

0.60 0.83 V 
1.05 

V 
0.50 

0.55 0.62 0.70 
0.83 
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BC237,A,B,C BC238,B,C BC239,C 

ELECTRICAL CI:IARACTERISTICS (continued) (TA = 25"C unless otherwise noted.) 

I 'Characteristic I Type I Symbol I Min Typ Max Unit 

DYNAMIC CHARACTERlS11CS 

Current-Gain - Bandwidth Product 
(lC = 0.5 mA, VCE = 3.0 V, f = 100 MHz) BC237 

BC238 
BC239 

(Ic = 10 mA, VCE = 5.0 V, f = 100 MHZ) BC237 
BC238 
BC239 

Collector-Base Capacitance 
(VCB = 10 V, IC = 0, f = 1.0 MHz) 

Emitter-Base Capacitance 
(VEB = 0.5 V, IC = 0, f = 1.0 MHz) 

Noise Figure 
(lC = 0.2 mA, VCE = 5.0 V, RS = 2.0 K ohms, 
f = 1.0 kHz) BC239 

(lC = 0.2 mA, VCE = 5.0 V, RS = 2.0 K ohms 
f = 1.0 kHz, ~f = 200 Hz) BC237 

BC238 
BC239 

FIGURe 1 - NORMALIZED DC CURRENT GAIN 
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FIGURE 2. - "SATURATION" AND "ON" VOLTAGES 
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MAXIMUM RATINGS 

Rating Symbol BC307 BC308C BC309 

Collector-Emitter Voltage VCEO -4S -2S -2S 

Collector-Base Voltage VCBO -SO -30 -30 

Emitter-Base Voltage VEBO -S.O 

Collector Current - Continuous IC -100 

Total Device Dissipation @ T A = 2S"C PD 3S0 
Derate above 2SoC 2.B 

Total Device Dissipation @TC = 2S"C PD 1.0 
Derate above 2SoC B.O 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -SSto+1S0 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R/IJA 3S7 

Thermal Resistance, Junction to Case R9JC 12S 

ELECTRICAL CHARACTERISTICS (TA = 2SOC unless otherwise noted.) 

Characteristic I Type 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BC307 
(lC = -2.0 mAde, IB = 0) BC308C 

BC309B 

Emitter-Base Breakdown Voltage BC307 
(IE = - 100 J£Ade, IC = 0) BC30BC 

BC309B 

Collector-Emitter Leakage Current 
(VCES = -SO V, VBE = 0) BC307 
(VCES = -30 V, VBE = 0) BC30BC 

BC309B 
(VCES = -SO V, VBE = 0) TA = 12SoC BC307 
(VCES = -30 V, VBE = 0) TA = 12SoC BC30BC 

BC309B 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -10 J£Ade, VCE = - S.O Vde) BC307B/309B 

BC307CI30BC 
(lC = -2.0 mAde, VCE = -S.O Vde) 

BC307 
(lC = -100 mAde, VCE = -S.O Vde) BC30BC 

BC307B/309B 
BC307C1308C 

BC307B1309B 
BC307C/308C 

Collector-Emitter Saturation Voltage 
(lC = -10 mAde, IB = -O.S mAde) 
(lC = -10 mAde, IB = see Note 1) 
(lC = -100 mAde, IB = -S.O mAde) 

Base-Emitter Saturation Voltage 
(lC = -10 mAde, IB = -O.S mAde) 
(lC = -100 mAde, IB = -S.O mAde) 

Base-Emitter On Voltage 
(lC = -2.0 mAde, VCE = -S.O Vde) 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWrC 

Watt 
mWrC 

°C 

Unit 

0c/w 

°CIW 

Symbol 

V(BR)CEO 

V(BR)EBO 

ICES 

hFE 

VCE(sat) 

VBE(sat) 

VBE(on) 

BC307,B,C 
BC308C 
BC309B 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 

AMPLIFIER TRANSISTORS 

PNPSILICON 

Min Typ Max Unit 

-4S - - Vde 
-2S - -
-2S - -
-S - - Vde 
-S - - Vde 
-S - -

nAde 
-0.2 -1S 
-0.2 -1S 
-0.2 -1S 
-0.2 -4.0 J£A 
-0.2 -4.0 
-0.2 -4.0 

- 150 -
- 270 -
120 - BOO 
120 - 800 
200 290 460 
420 SOO 800 

- 180 -
- 300 -

Vde 
- -0.10 -0.30 
- -0.30 -0.60 
- -0.2S -

Vde 
- -0.70 -
- -1.00 -

-O.SS -0.62 -0.70 Vde 

Note 1: Ie = -10 mAde on the constant base current characteristic. which yields the point Ie = -11 mAde, VeE = -1.0 V 

2-6B Motorola Small-Signal Transistors, FETs and Diodes Device Data 



BC307,B,C BC308C BC309B 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25'C unless otherwise noted) 

Characteristic I Type I Symbol Min. Typ. Max. Unit 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product tr MHz 
(lC = -10 mAde, VCE = - 5.0 Vdc, f = 100 MHz) BC307 - 280 -

BC308C - 320 -
BC309B - 360 -

Common-Base Capacitance Ccbo pF 
(VCB = -10 Vdc, IC = 0, f = 1.0 MHz) - - 6.0 

Noise Figure NF dB 
(lC = -0.2 mAde, VCE = -5.0 Vdc, BC309 - 2 4 
RS = 2.0 k ohms, f = 1.0 kHz) BC307 - 2 10 
(lC = -0.2 mAde, VCE = -5.0 Vdc, BC308C - 2 10 
RS = 2.0 k ohms, f = 1 kHz, f = 200 Hz) BC309B - 2 4 

FIGURE 1 - NORMALIZEO DC CURRENT GAIN FIGuRE 2 - "SATURATION" AND "ON" VOL TAGES 
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BC307,B,C BC308C BC309B 
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MAXIMUM RATINGS 
Rating Symbol BC327 BC328 Unit 

Collector-Emitter Voltage VCEO -45 -25 Vdc 

Collector-Base Voltage VCBO -50 -30 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous IC -800 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mWrC 

Total Device Dissipation @ TC = 25°C Po 1.5 Watt 
Derate above 25°C 12 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 °c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ReJA 200 °CIW 

Thermal Resistance, Junction to Case R8JC 83.3 °CIW 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(lC = -10 mA, IB = 0) BC327 

BC328 

Collector-Emitter Breakdown Voltage V(BR)CES 
(lC = -100 !-lA, IE = 0) BC327 

BC328 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10 !-lA, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = -30 V, IE = 0) BC327 
(VCB = -20 V, IE = 0) BC328 

Collector Cutoff Current ICES 
(VCE = -45 V, VBE = 0) BC327 
(VCE = -25 V, VBE = 0) BC328 

Emitter Cutoff Current lEBO 
(VEB = -4.0 V, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = -100 mA, VCE = -1.0 V) BC327/BC328 

BC327 -16/BC328-16 
BC327 -25/BC328-25 

(lc = -300 mA, VCE = -1.0 V) 

Base-Emitter On Voltage VBE(on) 
(lC = -300 mA, VCE = -1.0 V) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = -500 mA, IB = -50 rnA) 

SMALL-SIGNAL CHARACTERISnCS 

Output Capacitance Cob 
(VCB = -10V, IE = O,f = 1.0 MHz) 

Current-Gain - Bandwidth Product fT 
(lC = -10 mA, VCE = -5.0 V, f = 100 MHz 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

BC327,-16,-25 
BC328,-16,-25 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 

" ~()"-
2 3 3 Emitter 

AMPLIFIER TRANSISTORS 

PNPSIUCON 

Min Typ Max Unit 

Vdc 
-45 - -
-25 - -

Vdc 
-50 - -
-30 - -
-5.0 - - Vdc 

nAdc 
- - -100 
- - -100 

nAdc 
- - -100 
- - -100 

- - -100 nAdc 

-
100 - 630 
100 - 250 
160 - 400 
40 - -
- - -1.2 Vdc 

- - -0.7 Vdc 

- 11 - pF 

- 260 - MHz 

2-71 



BC327,-t6,-25 BC328,-t6,-25 

FIGURE 1 - THERMAL RESPONSE 
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FIGURE 6 - TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 

Ra~ing Symbol BC337 BC33S Unit 

Collector-Emitter Voltage VCEO 45 25 Vdc 

Collector-Base Voltage VCBO 50 30 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous IC 800 mAdc 

Total Oevice Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mWrC 

Total Device Dissipation @ TC = 25°C Po 1.5 Watt 
Derate above 25°C 12 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 °c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 200 0c/w 

Thermal Resistance, Junction to Case R8JC 83.3 0c/w 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(lC = 10 mA, IB = 01 BC337 

BC338 

Collector-Emitter Breakdown Voltage V(BR)CES 
(lc = 100 pA, IE = 0) BC337 

BC338 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10pA,IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 30 V, IE = 0) BC337 
(VCB = 20 V, IE = 0) BC338 

Collector Cutoff Current ICES 
(VCE = 45 V, VBE = 0) BC337 
(VCE = 25 V, VBE = 0) BC338 

Emitter Cutoff Current lEBO 
(VEB = 4.0 V, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lc = 100 rnA, VCE = 1.0 V) BC337/BC338 

BC337 -16/BC338-16 
BC337-25/BC338-25 
BC337-40/BC338-40 

(lc = 300 rnA. VCE = 1.0 V) 

Base-Emitter On Voltage VBE(onl 
(lC = 300 rnA, VCE = 1.0 V) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 500 mA. IB = 50 mAl 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cob 
(VCB = 10 V, IE = 0, f = 1.0 MHz) 

Current-Gain Bandwidth Product IT 
(lC = 10 mA. VCE = 5.0 V, f = 100 MHz) 

BC337, -16,-25,-40 
Bel3S, -16, -25, -40 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 

1 Collector 

~-© 
3 Emitter 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Min Typ Max Unit 

Vdc 
45 - -
25 - -

Vdc 
50 - -
30 - -
5.0 - - Vdc 

nAdc 
- - 100 
- - 100 

nAdc 
- - 100 
- - 100 

- - 100 nAdc 

-
100 - 630 
100 - 250 
160 - 400 
250 - 630 
60 - -

- - 1.2 Vdc 

- - 0.7 Vdc 

- 15 - pF 

- 210 - MHz 
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BC337, -16, -25, -40 BC338, -16, -25,-40 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 20 Vdc 

Collector- Emitter Voltage VCES 25 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous IC 1.0 Adc 

Total Device Dissipation @TA = 25°C PD 625 mW 
Derate above 25°C 5.0 mW/oC 

Total Device Dissipation @TC = 25°C PD 1.5 Watt 
Derate above 25°C 12 mW/oC 

Operating and Storage Junction TJ, Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R6JA 200 °C/W 

Thermal Resistance, Junction to Case R6JC 83.3 °C/W 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(lC = 10 mA. IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = 100 pA, 'E = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 pA, IC = 0) 

Collector Cutoff Current 'CBO 
(VCB = 25 V, 'E = 0) 
(VCB = 25 V, 'E = 0, TJ = 150°C) 

Emitter Cutoff Current lEBO 
(VEB = 5.0 V, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(VCE = 10 V, IC = 5.0 mAl 
(VCE = 1.0 V, IC = 0.5 A) 
(VCE = 1.0 V, IC = 1.0 A) 

Bandwidth Product tr 
(lc = 10 mA, VCE = 5.0 V, f = 20 MHz) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lc = 1.0 A. 'B = 100 mAl 

Base-Emitter On Voltage VBE(on) 
(lC = 1.0 A, VCE = 1.0 V) 

(1) Voltage and current are negative for PNP Transistors. 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

NPN 
BC368 

2 Collector 

~() 
1 Emitter 

2 Collector 

~() 
1 Emitter 

CASE 29-04, STYLE 14 
TO-92 (TO-226AA) 

AMPLIFIER TRANSISTORS 

Min Typ Max Unit 

20 - - Vdc 

25 - - Vdc 

5.0 - - Vdc 

- - 10 pAdc 
- - 1.0 mAdc 

- - 10 pAdc 

-
50 - -
85 - 375 
60 - -
65 - - MHz 

- - 0.5 V 

- - 1.0 V 
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MAXIMUM RATINGS 
Rating Symbol BC372 BC373 

Collector-Emitter Voltage VCES 100 80 

Collector-Base Voltage VCBO 100 80 

Emitter-Base Voltage VEBO 12 

Collector Current - Continuous IC 1.0 

Total Device Dissipation @TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @ TC = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage' 
(lc = 100 pAde, IB = 0) BC372 

BC373 

Collector-Base Breakdown Voltage 
(lc = 100 pAde, IE = 0) BC372 

BC373 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 80 Vde, IE = 0) BC372 
(VCB = 60 Vde, IE = 0) BC373 

Emitter Cutoff Current 
(VEB = 10 V, IC = 0) 

ON CHARACTERISTICS' 

DC Current Gain 
(lC = 250 mAde, VCE = 5.0 Vde) 
(lC = 100 mAde, VCE = 5.0 Vde) 

Collector-Emitter Saturation Voltage 
(lc = 250 mAde, IB = 0.25 mAde) 

Base-Emitter Saturation Voltage 
(lC = 250 mAde, IB = 0.25 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product 
(lC = 100 mAde, VCE = 5.0 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Noise Figure 
(lc = 1.0 mAde, VCE = 5.0 Vde, Rg = 100 k ohm, f = 1.0 kHz) 

'Pulse Test: Pulse Width = 300 /Ls, Duty Cycle 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

Ade 

mW 
mWrC 

Watt 
mWrC 

°c 

BC372 
BC373 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

Collector 3 

Emitter 1 

Unit 

°CIW 

HIGH VOLTAGE DARLINGTON 
TRANSISTORS 

°CIW NPN SILICON 

Symbol Min Typ Max Unit 

V(BR)CES Vde 
100 - -
80 - -

V(BR)CBO Vde 
100 - -
80 - -

V(BR)EBO 12 - - Vde 

ICBO nAde 
- - 100 
- - 100 

lEBO - - 100 nAde 

hFE K 
8.0 - -
10 - 160 

VCE(sat) - 1.0 1.1 Vde 

VBE(sat) - 1.4 2.0 Vde 

r,- 100 200 - MHz 

Cob - 10 25 pF 

NF - 2.0 - dB 
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BC372 BC373 

FIGURE 1 - DC CURRENT GAIN 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -100 Vde 

Collector-Base Voltage VCBO -100 Vde 

Emitter-Base Voltage VEBO -5.0 Vde 

Collector Current - Continuous IC -300 mAde 

Total Device Dissipation @ T A = 25°C Po 625 mW 
Derate above 25°C 5.0 mWrC 

Total Device Dissipation @ TC = 25°C Po 1.5 Watt 
Derate above 25°C 12 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 °c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R6JA 200 0c/w 

Thermal Resistance, Junction to Case R6JC 83.3 °CIW 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage* V(BR)CEO 
(lC = -1.0 mAde,lB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = -100 pA,IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10 pAde,lc = 0) 

Collector Cutoff Current 'CBO 
(VCB = -80 Vde, 'E = 0) 

ON CHARACTERISTICS' 

DC Current Gain hFE 
(lC = -2.0 rnA. VCE = -5.0 V) BC450 

BC450A 
(lc = -10mA.VCE = -5.0V) BC450 

BC450A 
(lC = -100mA,VCE = -5.0V) BC450 

BC450A 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = -100 mAde,lB = -10 mAde) 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = -100 mAde,lB = -10 mAde) 

Base-Emitter On Voltage VBE(on) 
(lC = -2.0 rnA, VCE = -5.0 V) 
(lc = -100mA,VCE = -5.0V)* 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -50 mAde, VCE = -5.0 Vde, f = 100 MHz) 

*Pulse Test: Pulse Width" 300 P.8, Duty Cycle 2.0%. 

Motoro)a Small-Signal Transistors, FETs and Diodes Device Data 

BC450,A 

CASE 29·04, STYLE 17 
TO-92 (TO·226AA) 

1 Collector 

~~() 
3 Emitter 

HIGH VOLTAGE TRANSISTORS 

PNPSILICON 

Refer to MPS8598 for graphs. 

Min Typ Max Unit 

-100 - - Vde 

-100 - - Vde 

-5.0 - - Vde 

- - -100 nAde 

50 - 460 
120 - 220 
50 - -
100 - -
50 - -
60 - -
- -0.125 -0.25 Vde 

- -0.85 - Vde 

Vde 
-0.55 - -0.7 

- -0.76 -1.2 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 80 Vdc 

Collector-Base Voltage VCBO 80 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous IC 0.5 Adc 

Total Device Dissipation @ TA = 25'C Po 625 mW 
Derate above 25'C 5.0 mWI'C 

Total Device Dissipation @ TC = 25'C Po 1.5 Watt 
Derate above 25'C 12 mWI'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 'c 

THERMAL CHARACTERISTICS 

Characteriatic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R/IJA 200 'c/w 

Thermal Resistance, Junction to Case R/lJC 83.3 'CIW 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

COllector-Emitter Breakdown Voltage* V(BR)CEO 
(lC = 10 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = 100 pAdc, IE = 0) 

Emitter·Base Breakdown Voltage V(BR)EBO 
(IE = 10 pAdc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 60, Vdc - IE = 0) 

ON CHARACTERISTICS' 

DC Current Gain hFE 
(lC = 10 mAdc - VCE = 2.0 Vdc) 
(lc = 100 mAdc - VCE = 2.0 Vdc) BC489 

BC489A 
BC489B 

(lc = 1.0 Adc - VCE = 5.0 Vdc)* 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 500 mAdc - IB = 50 mAdc) 
(lc = 1.0 Adc -IB = 100 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = 500 mAdc, IB = 50 mAdc) 
(lC = 1.0 Adc -IB = 100 mAdc)* 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
(lC = 50 mAdc, VCE = 2.0 Vdc, f = 100 MHz) 

Output Capacitance Cob 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

*Pulse Test - Pulse Width = 300 I's - Duty Cycle 2%. 

BC489,A,B 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 

1 Collector' 

~() 
3 Emitter 

HIGH CURRENT TRANSISTORS 

NPNSIUCON 

Reier to MPSA05 for graphs. 

Min Typ Max Unit 

80 - - Vdc 

80 - - Vdc 

5.0 - - Vdc 

- - 100 nAdc 

40 -
- -

60 - 400 -
100 160 250 -
160 260 400 -
15 - - -

Vdc 
- 0.2 0.50 
- 0.3 -

Vdc 
- 0.85 1.20 
- 0.90 -

- 200 - MHz 

- 7 - pF 

- 50 - pF 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -80 Vdc 

Collector-Base Voltage VCBO -80 Vdc 

Emitter-Base Voltage VEBO -4.0 Vdc 

Collector Current - Continuous IC -0.5 Adc 

Total Device Dissipation @ TA = 25'C Po 625 mW 
Derate above 25'C 5.0 mWI'C 

Total Device Dissipation @ TC = 25'C Po 1.5 Watt 
Derate above 25'C 12 mWI'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 'c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 200 'c/w 

Thermal Resistance, Junction to Case R9JC 83.3 'CIW 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage" V(BR)CEO 
(lC = -10 mAdc,lB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = -100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10 pAdc,lC = 0) 

Collector Cutoff Current ICBO 
(VCB = -60 Vdc - IE = 0) 

ON CHARACTERISTICS' 

DC Current Gain hFE 
(lC = -10mAdc-VCE = -2.0Vdc) 
(lC = -100 mAdc - VCE = -2.0 Vdc) BC490 

BC490A 
(lc = -1.0 Adc-VCE = -5.0Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = -500 mAdc, IB = -50 mAdc) 
(lc = -1.0 Adc, IB = -100 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = -500 mAdc,lB = -50 mAdc) 
(lC = -1.0 Adc, IB = -100 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(lc = -50 mAdc, VCE = -2.0 Vdc, f = 100 MHz) 

Output Capacitance Cob 
(VCB = -10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib 
(VEB = -0.5 Vdc, IC = 0, f = 1.0 MHz) 

'Pulse rest - Pulse Width = 300 p.s - Duty Cycle 2%. 

Motorola Small-Signal Transistors. FETs and Diodes Device Data 

BC490,A 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 

1 Collector 

~{Q 
3 Emitter 

HIGH CURRENT TRANSISTORS 

Min 

-80 

-80 

-4.0 

-

40 
60 
100 
15 

-
-

-
-

-

-

-

PNPSILICON 

Refer to MPSA55 for graphs 
in MPSA05 data shaet. 

Typ Max 

- -

- -

- -

- -100 

- -
- 400 
140 250 
- -

-0.25 -0.50 
-0.50 -

-0.90 -1.20 
-1.00 -

150 -

9 -

110 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCES 30 Vde 

Collector-Base Voltage VCB 40 Vde 

Emitter-Base Voltage VEB 10 Vde 

Collector Current - Continuoull IC 1.0 Ade 

Total Power Dissipation TA = 25"C PD 625 mW 
Derate above 25°C 12 mWI"C 

Total Power Dissipation TC = 25°C PD 1.5 Watts 
Derate above 25°C 12 mWI"C 

Operating and Storage Junction TJ, Tstg -55to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R6JA 200 °cm 
Thermal Resistance, Junction to Case R6JC 83.3 °cm 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 2.0 mAde, VBE = 0) 

Collector-Base Breakdown Voltage 
(lC = 10 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 nAde, IC = 0) 

Collector Cutoff Current 
(VCE = 30 V) 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) 

Emitter Cutoff Current 
VEB = 10 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 20 mAde, VCE = 2.0 V) 

COllector-Emitter Saturation Voltage 
(lC = 100 mAde, IB = 0.1 mAde) 

Base-Emitter On Voltage 
(lC = 10 mAde, VCE = 5.0 Vde) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 
(lC = 10 mAde, VCE = 5.0 Vde, f = 100 MHz) 

(1) Pulse Test Pulse Width", 2.0%. 
(2) tr = Ihfel • ftest 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

ICES 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

BC517 

CASE 29-04, STYLE 17 
TO-92 (TO-226M) 

Collector 1 

Emjtter 3' 

DARLINGTON TRANSISTORS 

NPN SILICON 

Refer to 2N6426 for graphs. 

Min Typ Max Unit 

30 - - Vde 

40 - - Vde 

10 - - Vde 

- - 500 nA 

- - 100 nAde 

- - 100 nAde 

30,000 - - -

- - 1.0 Vde 

- - 1.4 Vde 
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MAXIMUM RATINGS 

Rating Symbol Be Be Be Unit 
546 547 548 

Collector-Emitter Voltage VCEO 65 45 30 Vdc 

Collector-Base Voltage VCBO BO 50 30 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous IC 100 mAdc 

Total Device Dissipation @TA = 25°C PD 625 mW 
Derate above 25°C 5.0 mWrC 

Total Device Dissipation @ TC = 25°C PD 1.5 Watt 
Derate above 25°C 12 mW/oC 

Operating and Storage Junction 
Temperature Range 

TJ. Tstg - 55 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance. Junction to Ambient ROJA 200 0c/w 

Thermal Resistance, Junction to Case R8JC 83.3 °CIW 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BC546 V(BR)CEO 
(lC = 1.0 mA, IB = 0) BC547 

BC548 

Collector-Base Breakdown Voltage BC546 V(BR)CBO 
(lC = 100 !LAdc) BC547 

BC548 

Emitter-Base Breakdown Voltage BC546 V(BR)EBO 
(IE = 10 /LA. IC = 0) BC547 

BC548 

Collector Cutoff Current ICES 
(VCE = 70 V, VBE = 0) BC546 
(VCE = 50 V. VBE = 0) BC547 
(VCE = 35 V. VBE = 0) BC548 
(VCE = 30 V, TA = 125°C) BC546I547/548 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = 10 !LA, VCE = 5.0 V) BC546A/547 A/548A 

BC546B/547B/548B 
BC548C 

(lc = 2.0 mA, VCE = 5.0 V) BC546 
BC547 
BC548 
BC546A1547 A/548A 
BC546B/547B/548B 
BC547C/BC548C 

(lc = 100 mA. VCE = 5.0 V) BC546A/547 A/548A 
BC546B/547B/548B 
BC548C 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 10 mA, IB = 0.5 mAl 
(lC = 100 mA,lB = 5.0 mAl 
(lC = 10 mA. IB = See Note 1) 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = 10 mA, IB = 0.5 mAl 

Base-Emitter On Voltage VBE(on) 
(lC = 2.0 mA, VCE = 5.0 V) 
(IC = 10 mA, VCE = 5.0 V) 

NOTE 1: IB is value for which IC = 11 mA at VCE = 1.0 V. 

Motorola Small-Signal TranSistors, FETs and Diodes Device Data 

BC546,A,B 
BC547,A,B,C 
BC548,A,B,C 
CASE 29-04, STYLE 17 

TO-92 (TO-226AA) 

1 Collector 

~~ 
3 Emitter 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Min Typ Max Unit 

65 - - V 
45 - -
30 - -
80 - - V 
50 - -
30 - -
6.0 - - V 
6.0 - -
6.0 - -

- 0.2 15 nA 
- 0.2 15 
- 0.2 15 
- - 4.0 !LA 

-
- 90 -
- 150 -
- 270 -
110 - 450 
110 - 800 
110 - 800 
110 180 220 
200 290 450 
420 520 800 

- 120 -
- 180 -
- 300 -

V 
- 0.09 0.25 
- 0.2 0.6 
- 0.3 0.6 

- 0.7 - V 

V 
0.55 - 0.7 
- - 0.77 
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BC546, A, B BC547, A, B, C BC548, A, B, C 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

SMAll-SIGNAL CHARACTERISnCS 

Current-Gain Bandwidth Prod\lct fT MHz 
(lC = 10 mA, VCE = 5.0 V, I = 100 MHz) BC546 150 300 -

BC547 150 300 -
BC548 150 300 -

Output Capacitance Cobo - 1.7 . 4.5 pF 
(VCB = 10 V, IC = 0, 1= 1.0 MHz) 

Input Capacitance Cibo - 10 - pF 
(VEB = 0.5 V, IC = 0, 1= 1.0 MHz) 

Small-Signal Current Gain hIe -
(lC = 2.0 mA, VCE = 5.0 V, f = 1.0 kHz) BC546 125 - 500 

BC547154B 125 - 900 
BC546A1547 Al548A 125 220 260 
BC546BI547BI548B 240 330 500 
BC547C154BC 450 600 900 

Noise Figure NF dB 
(lC = 0.2 mA, VCE = 5.0 V, RS = 2 kohms, BC546 - 2.0 10 
f = 1.0 kHz, ~f = 200 Hz) BC547 - 2.0 10 

BC548 - 2.0 10 

FIGURE I - NORMALIZED DC CURRENT GAIN FIGURE 2 - "SATURATION" AND "ON" VOLTAGES 
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BC546, A, B BC547, A, B, C BC548, A, B, C 

BC547/BC548 

FIGURE 5 - CAPACITANCES 
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BC546. A. B BC547. A. B. C BC548. A. B. C 

FIGURE 11 - CAPACITANCE 
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MAXIMUM RATINGS 

Rating Symbol BC BC Unit 
549 550 

Collector-Emitter Voltage VCEO 30 45 Vdc 

Collector-Base Voltage VCBO 30 50 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous IC 100 mAdc 

Total Device DissIpation @TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/oC 

Total Device Dissipation @TC = 25°C Po 1.5 Watt 
Derate above 25°C 12 mW/oC 

Operating and Storage Junction TJ. Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RIiJA 200 'CIW 

Thermal Resistance, Junction to Case R6JC 83.3 'CIW 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwIse noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(lC = 10 mAde, IB = 0) BC549B,C 

BC550B,C 
Collector-Base Breakdown Voltage V(BR)CBO 

(lC = 10 !LAde, IE = 0) BC549B,C 
BC550B,C 

Emitter-Base Breakdown Voltage V(8R)E80 
(IE = 10 IlAde. IC = 0) 

Collector Cutoff Current IC80 
(VCB = 30 Vde. IE = 0) 
(VC8 = 30 Vde.IE = O. TA = + 125°C) 

Emitter Cutoff Current lEBO 
(VE8 = 4 Vde. IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
IIC = 10 IlAde. VCE = 5 Vde) BC549B/550B 

BC549C/550C 
(IC = 2 mAde, VCE = 5 Vde) BC549B/550B 

BC549C/550C 

Collector-Emitter Saturation Voltage VCE(sat) 
IIC = 10 mAde, 18 = 0.5 mAde) 
IIC = 10 mAde, 18 = see note 1) 
(IC = 100 mAde. 18 = 5 mAde. see note 2) 

8ase-Emitter Saturation Voltage V8E(sat) 
(IC = 100 mAde, 18 = 5 mAde) 

8ase-Emitter On Voltage VBE(on) 
(IC = 10 IlAde. VCE = 5 Vde) 
IIC = 100 IlAde, VCE = 5 Vde) 
IIC = 2 mAde. VCE = 5 Vde) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 
(IC = 10 mAdc. VCE = 5 Vde. I = 100 MHz) 

Collector-Base Capacitance Cebo 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

BCS49B,C 
BCSSOB,C 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 

LOW NOISE TRANSISTORS 

NPN SILICON 

Min. Typ. Max. Unit 

Vdc 
30 
45 

Vdc 
30 
50 

5 Vdc 

15 nAde 
5 IlAde 

nAde 
15 

100 150 
100 270 
200 290 450 
420 500 800 

Vde 
0.075 0.25 

0.3 0.6 
0.25 06 

Vde 
1.1 

Vde 
0.52 
0.55 

0.55 0.62 0.7 

MHz 
250 

pF 
2.5 

Notel: IB IS value lor whIch IC = 11 rnA at VCE = 1 V Note 2: Pulse test = 300 IlS - Duty cycle = 2% 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 2--89 



BC549B,C BC550B,C 

ELECTRICAL CHARACTERISTICS (continued) ITA - 25°C unless otherwise noted) -
Characteristic Symbol Min 

Small-Signal Current Gain hfe 
(lC = 2.0 mAde, VCE =5.0 V, f = 1.0 kHz) BC549B/BC550B 240 

BC549C1BC550C 450 

Noise Figure 
(lC = 200 pAdc, VCE = 5.0 Vdc, RS = 2.0 k.!l, f = 1.0 kHz) NF, -
(lc = 200 pAdc, VeE = 5.0 Vdc, RS = 100 kO, f = 1.0 kHz) NF2 -

FIGURE' - TRANSISTOR NOISE MODEL 
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MAXIMUM RATINGS 

Rating Symbol BC556 BC557 BC558 Unit 

Collector-Emitter Voltage VCEO -65 -45 -30 Vde 

Collector-Base Voltage VCBO -SO -50 -30 Vde 

Emitter-Base Voltage VEBO -5.0 Vde 

~ollector Current - Continuous IC -100 mAde 

Tolal Device Dissipation @TA = 25'C Po 625 mW 
Derate above 25'C 5.0 mWI'C 

Total Device Dissipation @TC = 25'C Po 1.5 Watt 
Derate above 25'C 12 mWI'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 'c 

THERMAL CHARACTERISTICS 

Charactaristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 200 'c/w 

Thermal Resistance, Junction to Case R8JC 83.3 'c/w 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(lC = - 2.0 mAde, IB = 0) BC556 

BC557 
BC558 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = -100 pAde) BC556 

BC557 
BC558 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -100 pAde, IC = 0) BC556 

BC557 
BC558 

Collector-Emitter Leakage Current ICES 
(VCES = -40 V) BC556 
(VCES = -20 V) BC557 

BC558 
(VCES = -20 V, TA = 125'C) BC556 

BC557 
BC558 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = -10 pAde, VCE = -5.0 V) BC557A 

BC556B/557B/558B 
BC557C 

(lc = -2.0 mAde, VCE = -5.0 V) BC556 
BC557 
BC558 
BC557A 
BC556B/557B/558B 
BC557C 

(lC = -100 mAde, VeE = -5.0 V) BC557A 
BC556B/557B/558B 
BC557C 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = -10 mAde, IB = -0.5 mAde) 
(lC = -10 mAde, IB = see Note 1) 
(lC = -100 mAde, IB = -5.0 mAde) 

BCSS6.,B 
BC5S7,A,B,C 

BC558B 
CASE 29-04, STYLE 17 

TO-92 (TO-226AA) 

" .. ~()"-
2 3 3 Emitter 

AMPLIFIER TRANSISTORS 

PNPSIUCON 

Min Typ Max Unit 

V 
-65 - -
-45 - -
-30 - -

V 
-80 - -
-50 - -
-30 - -

V 
-5.0 - -
-5.0 - -
-5.0 - -

nA 
- -2.0 -100 
- -2.0 -100 
- -2.0 -100 
- - -4.0 
- - -4.0 pA 
- - -4.0 

-
- 90 -
- 150 -
- 270 -
120 - 500 
120 - SOO 
120 - 800 
120 170 220 
ISO 290 460 
420 500 800 
- 120 -
- ISO -
- 300 -

V 
- -0.075 -0.3 
- -0.3 -0.6 
- -0.25 -0.65 

NOTE 1: Ie = -10 mAde on the constant base current characteristics, which yields the point Ie = -11 mAde, VeE = -1.0 V. 
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BC556,B BC557,A,B,C BC558B 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

ON CHARACTERISTICS (continued) 

Base-Emitter Saturation Voltage VBE(sat) V 
(Ie = -10 mAde,lB = -0.5 mAde) - -0.7 -
(lC = -100 mAde,lB = -5.0 mAde) - -1.0 -

Base-Emitter On Voltage VBE(on) V 
(lC = -2.0 mAde, VCE = -5.0 Vde) -0.55 -0.62 -0.7 
(lC = -10 mAde, VCE = -5.0 Vde) - -0.7 -0.82 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain Bandwidth Product fT MHz 
(lC = -10 mA, VCE = -5.0 V, f = 100 MHz) BC556 - 280 -

BC557 - 320 -
BC55B - 360 -

Output Capacitance Cob - 3.0 6.0 pF 
(VeB = -10 V, IC = 0, f = 1.0 MHz) 

Noise Figure NF dB 
(lC = -0.2 mAde, VCE = -5.0 V, BC556 - 2.0 10 
RS = 2 k ohms, f = 1.0 kHz, <l.f = 200 Hz) BC557 - 2.0 10 

BC55B - 2.0 10 

Small-Signal Current Gain hfe -
(IC = -2.0 mAde, VCE = -5.0 V, f = 1.0 kHz) BC556 125 - 500 

BC557/558 125 - 900 
BC557A 125 220 260 
BC556B/557B/558B 240 330 500 
BC557C 450 600 900 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 2-93 



BC556,B BC557,A,B,C BC55eS· 

BC557/BC558 
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FIGURE 7 - DC CURRENT GAIN 
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The safe operating area curves indicate IC-VCE limits of the transistor that must be observed for reliable 
operation. Collector load lines for specific circuits must fall below the limits indicated by the applicable curve. 

The data of Figure 14 is based upon TJ(pk)=150oC; TC or. TA is variable depending upon conditions. Pulse curves are 
valid for duty cycles to 10% provided T J(pk)<;;150oC. T J(pk) may be calculated from the data of Figure 13. At high 
case or ambient temperatures thermal limitations will reduce the power that can be handled to values less than the limita­
tions imposed by the, secondary breakdown. 
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MAXIMUM RATINGS 

Rating Symbol BC569 BC560 Unit 

Collector-Emitter Voltage VCEO -30 -45 Vde 

Collector-Base Voltage VCBO -30 -50 Vde 

Emitter-Base Voltage VEBO -5.0 Vde 

Collector Current - Continuous IC -100 mAde 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mWrC 

Total Device Dissipation @ TC = 25°C PD 1.5 Watt 
Derate above 25°C 12 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 200 0c/w 

Thermal Resistance, Junction to Case R8JC 83.3 °CIW 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(lC = -10 mAde, IB = 0) BC559 

BC560 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = -10pAde,IE = 0) BC559 

BC560 

Emitter-Base Breakdown Voltage (IE = -10 pAde, IC = 0) V(BR)EBO 

Collector Cutoff Current (VCB = -30 Vde, IE = 0) ICBO 
(VCB = -30 Vde, IE = 0, TA = +125°C) 

Emitter Cutoff Current (VEB = -4.0 Vde, IC = 0) lEBO 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = -10 pAde, VCE = -5.0 Vde) BC559B/560B 

BC559C1560C 
(lc = -2.0 mAde, VCE = -5.0 Vde) BC559B/560B 

BC559C1560C 
BC559 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = -10 mAde, IB = -0.5 mAde) 
(lC = -10 mAde, IB = see note 1) 
(lC = -100 mAde, IB = -5.0 mAde, see note 2) 

Base-Emitter Saturation Voltage VBE(sat) 
(lc = -100 mAde, IB = -5.0 mAde) 

Base-Emitter On Voltage 
(lC = -10 pAde, VCE = -5.0Vde) 

VBE(on) 

(lC = -100 pAde, VCE = -5.0Vde) 
(lC = -2.0 mAde, VCE = -5.0 Vde) 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(lc = -10 mAde, VCE = -5.0 Vde, f = 100 MHz) 

Collector-Base Capacitance Cebo 
(VCB = -10 Vde, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 
(lc = -2.0 mAde, VCE = -5.0 V, f = 1.0 kHz) BC559B/BC560B 

BC559C1BC560C 

Noise Figure 
(lC = -200 "Ade, VCE = -5.0 Vde, RS = 2.0 kIl, f = 1.0 kHz) NF1 
(lC = -200 pA, VCE = -5.0 V, RS = 100 kIl, f = 1.0 kHz, At = 200 Hz) NF2 

Note 1: 18 is value for which IC = -11 rnA al VeE = -1.0 V 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

BC559,B,C 
BC560B,C 

CASE 29-04. STYLE 17 
TO-92 (TO-226AA) 

, 

lColieclor 

, 217\ 
1 Bas~ 
2 3 Emitter 

3 

LOW NOISE TRANSISTORS 

PNPSILICON 

Min Typ Max Unit 

Vde 
-30 - -
-45 - -

Vde 
-30 - -
-50 - -
-5 - - Vde 

- - -15 nAde 
- - -5 "Ade 

- - -15 nAde 

-
100 150 -
100 270 -
180 290 460 
380 500 800 
120 - 800 

Vde 
- -0.075 -0.25 
- -0.3 -0.6 
- -0.25 -
- -1.1 - Vde 

Vde 
- -0.52 -
- -0.55 -

-0.55 -0.62 -0.7 

- 250 - MHz 

- 2.5 - pF 

-
240 3;30 500 
450 600 900 

dB 
- 0.5 2.0 
- - 10 

Note 2: Puis. te .. = 300 I-'S - Duty cycl. = 2%. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 55 Vdc 

Collector-Base Voltage VCBO 80 Vdc 

Emitter-Base Voltage VEBO 12 Vdc 

Collector Current - Continuous IC 1.0 Adc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mWrC 

Total Device Dissipation @ TC = 25°C Po 1.5 Watt 
Derate above 25°C 12 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 200 °CIW 

Thermal Resistance, Junction to Case R//JC 83.3 °CIW 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(lC = 10 mAde, VBE = 0) 

Collector-8ase Breakdown Voltage V(BR)CBO 
(lC = 100 /AAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 /AAdc, IC = 0) 

Collector Cutoff Current ICES 
(VCE = 60 Vdc, VBE = 0) 

Collector Cutoff Current ICBO 
(VCB = 60 Vdc, IE = 0) 

Emitter Cutoff Current lEBO 
(VEB = 10 Vdc, IC = 0) 

ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 200 mA. IB = 0.2 mAl 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = 200 mA. IB = 0.2 mAl 

Current Gain hFE 
(lC = 100p,A, VCE = 5.0 V) 
(lc = 10 mA. VCE = 5.0 V) 
(lc = 200 mA, VCE = 5.0 V) 
(lc = 1.0 A, VCE = 5.0 V) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fy 
(lC = 500 mA. VCE = 5.0 V, P = 100 MHz) 

Output Capacitance Cob 
(VCB = 10 V, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib 
(VEB = 5.0 V, IE = 0, f = 1.0 MHz) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Be6lS 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 

Collector 1 

Emitter 3 

DARLINGTON TRANSISTORS 

NPN SILICON 

Refer to 2N6426 for graphs. 

Min Typ Max Unit 

55 - - Vdc 

80 - - Vdc 

12 - - Vdc 

- - nAdc 
- - 50 

- - 50 nAdc 

- - 50 nAdc 

- - 1.1 Vdc 

- - 1.6 Vdc 

-
2000 - -
4000 - -
10000 - 50000 
4000 - -

150 - - MHz 

- 4.5 7.0 pF 

- 5.0 9.0 pF 

2-99 



MAXIMUM RATINGS 

Rating Symbol BC BC BC Unit 
635 637 639 

Collector-Emitter Voltage VCEO 45 60 80 Vdc 

Collector-Base Voltage VCBO 45 60 80 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous IC 0.5 Adc 

Total Device Dissipation @TA = 25°C PD 625 mW 
Derate above 25°C 5.0 mW/oC 

Total Device Dissipation @TC = 25°C PD 1.5 Watt 
Derate above 25°C 12 mW/oC 

Operating and Storage Junction TJ. Tstg - 55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 200 °crw 

Thermal Resistance, Junction to Case RruC 83.3 °CIW 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage" V(BR)CEO 
(lC = 10 mAde, IB = 0) BC635 

BC637 
BC639 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = 100 pAdc. IE = 0) BC635 

BC637 
BC639 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 pAdc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 30 Vdc, IE = 0, 
(VCB = 30 Vdc, IE = 0, TA = 125°C) 

ON CHARACTERISTICS· 

DC Currerit Gain hFE 
(lC = 5.0 mAde, VCE = 2.0 Vde) 
(lC = 150 mAde, VCE = 2.0 Vdc) BC635 

BCG37 
BC639 

(lC = 500 mA, VCE = 2.0 V) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 500 mAde, IB = 50 mAde) 

Base-Emitter On Voltage VBE(on) 
(lC = 500 mAde, VCE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product ". 
(lc = 50 mAde, VCE = 2.0 Vdc, f = 100 MHz) 

Output Capacitance Cob 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

·Pulse Test: Pulse Width .. 300,",s, Duty Cycle 2.0%. 

BCG3S 
BCG37 
BCG39 

CASE 29-04, STYLE 14 
TO-92 (TO-226AA) 

2 Collector 

,!,~ 
1 EmItter 

HIGH CURRENT TRANSISTORS 

NPN SILICON 

Min Typ Max Unit 

Vdc 
45 - -
60 - -
80 - -

Vdc 
45 - -
60 - -
80 - -
5.0 - - Vdc 

- - 100 nAdc 
- - 10 pAdc 

-
25 - -
40 - 250 
40 - 160 
40 - 160 
25 - -
- - 0.5 Vde 

- - 1.0 Vdc 

- 200 - MHz 

- 7.0 - pF 

- 50 - pF 
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FIG. 1 - ACTIVE REGION SAFE OPERATING AREA 
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MAXIMUM RATINGS 

Rating Symbol BC&3& BC&38 BC640 Unit 

Collector-Emitter Voltage VCEO -45 -60 -80 Vde 

Collector-Base Voltage VCBO. -45 -60 -80 Vde 

Emitter-Base Voltage VEBO -5.0 Vde 

Collector Current - Continuous IC -0.5 Ade 

Total Device Dissipation @ TA = 25"C Po 625 mW 
Derate above 25°C 5.0 mWf'C 

Total Device Dissipation @ TC = 25°C Po 1.5 Watt 
Derate above 25°C 12 mWf'C 

Operating and Storage Junction TJ, Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 200 0c/w 

Thermal Resistance, Junction to Case R8JC 83.3 °CIW 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage* V(BR)CEO 
(lC = -10 mAde, IB = 0) BC&36 

BC&38 
BC640 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = -100 !lAde, IE = 0) BC636 

BC638 
BC640 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10 !lAde, IC = 0) 

Collector Cutoff Cu rrent ICBO 
(VCB = -30 Vde, IE = 0) 
(VCB = -30 Vde, IE = 0, TA = 125°C) 

ON CHARACTERISTICS' 

DC Current Gain hFE 
(lC = -5.0 mAde, VCE = -2.0 Vde) 
(lC = -150 mAde, VCE = - 2.0 Vde) BC636 

BC638 
BC640 

(lC = -500 mA, VCE = -2.0 V) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = -500 mAde, IB = -50 mAde) 

Base-Emitter On Voltage VBE(on) 
(lC = -500 mAde, VCE = -2.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product ". 
(lC = -50 mAde, VCE = -2.0 Vdc, f = 100 MHz) 

Output Capacitance Cob 
(VCB = -10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib 
(VEB = -0.5 Vde, IC = 0, f = 1.0 MHz) 

'Pulse Test: Pulse Width", 300 I'S, Duty Cycle 2.0%. 

BC636 
BC63S 
BC640 

CASE 29-04, STYLE 14 
TO-92 (TO-226AA) 

2 Collector 

~-© 
1 Emitter 

HIGH CURRENT TRANSISTORS 

PNPSILICON 

Min Typ Max Unit 

Vde 
-45 - -
-60 - -
-80 - -

Vde 
-45 - -
-60 - -
-80 - -
-5.0 - - Vde 

- - -100 nAde 
- - -10 !lAde 

-
25 - -
40 - 250 
40 - 160 
40 - 160 
25 - -
- -0.25 -0.5 Vde 
- -0.5 -
- - -1.0 Vde 

- 150 - MHz 

- 9.0 - pF 

- 110 - pF 
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FIG. 1 - ACTIVE REGION SAFE OPERATING AREA 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -45 V 

Collector-Base Voltage VCBO -SO V 

Emitter-Base Voltage VEBO -5.0 V 

Collector Current - Continuous IC -500 mAdc 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' Po 225 mW 
TA = 25·C 
Derate above 25·C 1.B mWrC 

Thermal Resistance Junction to Ambient R8JA 556 ·CIW 

Total Device Dissipation Po 300 mW 
Alumina Substrate," TA = 25·C 
Derate above 25·C 2.4 mWrC 

Thermal Resistance Junction to Ambient R8JA 417 ·CIW 

Junction and Storage Temperature TJ, Tsta -55 to +150 ·C 

'FR-5 = 1.0 x 0.75 x 0.062 m. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BCB07-16LT1 = 5A; BCB07-25LT1 = 5B; BC807-40LT1 = 5C 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted.) 

CharaCteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (lC = -10mA) VjBR)CEO 

Collector-Emitter Breakdown Voltage 
(VEB = 0, IC = -10,.A) 

V(BR)CES 

Emitter-Base Breakdown Voltage (IE = -1.0,.A) V(BR)EBO 

Collector Cutoff Current ICBO 
(VCB = -20V) 
(VCB = -20 V, TJ = 150·C) 

ON CHARACTERISnCS 

DC Current Gain hFE 
(lC = -100mA,VCE = -1.0V) BCB07-16 

BCB07-25 
BC807-40 

(IC = -500 mA, VeE = -1.0 V) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = -500 mA, IB = -50 mAl 

Base-Emitter On Voltage VBE(on) 
(lC = -500 mA, IB = -1.0 V) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(lC = -10 mA, VCE = -5.0 Vdc, f .. 100 MHz) 

Output Capacitance Cobo 
(VCB = -10V,f = 1.0 MHz) 

Note: "LT1" must be used when ordering SOT-23 devices. 

BC807·16LTl 
BC807·25LTl 
BC807·40LTl 
CASE 318·07, STYLE 6 

SOT·23 (TO·236AB) 

3 Collector 

'~"'~ 

Min 

-45 

-50 

-5.0 

-
-

100 
160 
250 
40 

-

-

200 

-

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

PNPSILICON 

Typ Max 

- -

- -

- -

- -100 
- -5.0 

- 250 
- 400 
- 600 
- -

- -0.7 

- -1.2 

- -

10 -

Unit 

V 

V 

V 

nA 
.,.A 

V 

V 

MHz 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 45 V 

Collector-Base Voltage VCBO 50 V 

Emitter-Base Voltage VEBO 5.0 V 

Collector Current - Continuous IC 500 mAde 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' Po 225 mW 
TA = 25°C 
Derate above 25°C 1.8 mWrC 

Thermal Resistance Junction to Ambient R/iJA 556 °CIW 

Total Device Dissipation Po 300 mW 
Alumina Substrate," TA = 250C 
Derate above 25°C 2.4 mWrC 

Thermal Resistance Junction to Ambient R/iJA 417 °CIW 

Junction and Storage Temperature TJ, Tsto -55to +150 °C 

*FR-5 = 1.0 x 0.75 x 0.062 m. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BC817-16LTl = 6A; BC817-25LT1 = 6B; BC817-4OLTl = 6C 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (lc = -lOrnA) V(BR)CEO 

Collector-Emitter Breakdown Voltage 
(VEB = O,IC = -10 pAl 

V(BR)CES 

Emitter-Base Breakdown Voltage (IE = -1.0pA) V(BR)EBO 

Collector Cutoff Current ICBO 
(VCB = 20 V) 
(VCB = 20 V, TA = lSOOC) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lc = 100 rnA, VCE = 1.0 V) BC817-16 

BC817-25 
BC817-4O 

(lc = 500 rnA, VCE = 1.0 V) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 500 mA, IB = 50 rnA) 

Bas9-Emitter On Voltage VBE(on) 
(lC = 500 rnA. VCE = 1.0 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
(lc = 10 rnA, VCE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(VCB = 10 V, f = 1.0 MHz) 

Note: "LT1" must be used when ordering SOT-23 devices. 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

BC817·16LTI 
BC817 ·25LTI 
BC817·40LTI 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector 

,~' ~-EQ 

Min 

45 

50 

5.0 

-
-

100 
160 
250 
40 

-

-

200 

-

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPNSILICON 

Typ Max 

- -
- -

- -

- 100 
- 5.0 

- 250 
- 400 
- 600 
- -
- 0.7 

- 1.2 

- -

10 -

Unit 

V 

V 

V 

nA 
pA 

V 

V 

MHz 

pF 
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MAXIMUM RATINGS 

BC847 BC848 
Rating Symbol BC848 BC850 BC849 Unit 

Collector-Emitter Voltage VCEO 65 45 30 V 

Collector-Base Voltage VCBO BO 50 30 V 

Emitter-Base Voltage VEBO 6.0 6.0 5.0 V 

Collector Current - Continuous IC 100 100 100 mAdc 

THERMAL CHARACTERISTICS 

Charac:terlstlc Symbol Max Unit 

Total Device Dissipation FR-5 Board, * Po 
TA = 25°C 225 mW 
Derate above 25°C 1.B mWf'C 

Thermal Resistance Junction to Ambient R/IJA 556 "e/W 

Total Device Dissipation Po 
Alumina Substrate, ** T A = 25°C 300 mW 
Derate above 25°C 2.4 mWf'C 

Thermal Resistance Junction to Ambient R/IJA 417 °C/W 

Junction and Storage Temperature TJ, Tsta -55 to +150 °C 

*FR-5 = 1.0 x 0.75 x 0.062 in **Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 
DEVICE MARKING 

BC846ALT1 = lA; BC846BLT1 = lB; BC847ALTl = lE; BCB47BLTl = IF; 
BC847CLT1 = lG; BC848ALT1 = lJ; BC846BLTl = lK; BCB48CLT1 = lL 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BC846A,B 
IC = 10mA) BC847 A,B,C, BC850A,B,C 

BCB48A,B,C, BC849A,B,C 

Collector-Emitter Breakdown Voltage BC846A,B 
(lC = 10 pA, VEB = 0) BC847A,B,C, BC850A,B,C 

BC848A,B,C, BC849A,B,C 

Collector-Base Breakdown Voltage BC846A,B 
(lC = 10pA) BC847A,B,C, BCB50A,B,C 

BC848A,B,C, BC849A,B,C 

Emitter-Base Breakdown Voltage BC846A,B 
(IE = 1,OpA) BC847A,B,C 

BC848A,B,C, BC849A,B,C, BC850A,B,C 

Collector Cutoff Current (VCB = 30V) 
(VCB = 30 V, TA = 150°C) 

ON CHARACTERISTICS 

DC Current Gain BC846A,BC847A,BC84BA 
(lC = 10 p.A. VCE = 5,0 V) BC846B,BC847B,BC848B 

BC847C,BC848C 

(lc = 2.0 mA, VCE = 5.0 V) BCB46A, BC847A, BC848A, 
BC849A, BC850A 
BCB46B, BC847B, BC848B, 
BC849B, BC850B 
BC847C, BC848C, BC849C, 
BC850C 

Collector-Emitter Saturation Voltage (lC = 10 mA, IB = 0.5 mAl 
(lc = 100 mAo IB = 5.0 mAl 

Base-Emitter Saturation Voltage (lC = 10 mAo IB = 0.5 mAl 
(lC = 100 mA, IB = 5.0 mAl 

Base-Emitter Voltage (lC =·2.0 mA, VCE = 5.0 V) 
(lC = 10 mA, VCE = 5.0 V) 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain Bandwidth Product 
(lc = 10 mAo VCE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance (VCB = 10 V,, = 1.0 MHz) 

Noise Figure (lC = 0.2 mA, BC846A,BC847A,BC848A 
VCE = 5.0 Vdc, RS = 2.0 kO, BC846B,BC847B, BC848B 
, = 1.0 kHz, BW = 200 Hz) BC847C,BC848C 

BC849A,B,C, BC850A,B,C 

Note:"LT1" must be used when ordering SOT-23 devices. 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)/ebo 

ICBO 

hFE 

VCE(sat) 

VBE(sat) 

VBE(on) 

IT 

Cobo 

NF 

BC846ALTl *, BLTl * 
BC847ALT1*,BLT1*,CLT1* 
BC848ALT1*,BLT1*,CLT1* 

BC849ALT1,BLT1,CLll 
BC850ALT1,BLT1,CLTl 

CASE 318-07, STYLE 6 

:~~~~~'-
2 2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

*These ere Motorola 
designated preferred devices. 

Refer to BC54lI 'or graphs. 

Min Typ Max 

65 - -
45 -' -
30 - -
80 - -
50 - -
30 - -
80 - -
50 - -
30 - -
6.0 - -
6.0 - -
5.0 - -
- - 15 
- - 5.0 

- 90 -
- 150 -
- 270 -

110 180 220 

200 290 450 

420 520 800 

- - 0.25 
- - 0.6 

- 0.7 -
- 0.9 -
580 660 700 
- - 770 

100 - -

- - 4.5 

- - 10 
- - 4.0 

Unit 

V 

V 

V 

V 

nA 
pA 

-

V 

V 

mV 

MHz 

pF 

dB 

2-106 Motorola Small-Signal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS 

Rating Symbol BC856 BC857 BC858 Unit BC856ALT1*,BLT1* 
BC857ALT1*,BLT1*,CLT1* 
BC858ALT1*,BLT1*,CLT1* 

Collector-Emitter Voltage VCEO -65 -45 -30 V 

Collector-Base Voltage VCBO -80 -50 -30 V 

Emitter-Base Voltage VEBO -5.0 -5.0 -5.0 V 

Collector Current - Continuous IC -100 -100 -100 mAdc 

THERMAL CHARACTERISITCS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' PD 225 mW 
TA = 25'C 
Derate above 25'C 1.8 mWI"C 

Thermal Resistance, Junction to Ambient R/IJA 556 .c/w 

Total Device Dissipation PD 300 mW 
Alumina Substrate, ** TA = 25'C 
Derate above 25'C 2.4 mWI"C 

Thermal Resistance, Junction to Ambient R/IJA 417 'CIW 

Junction and Storage Temperature TJ, Tstg -55 to +150 ·C 

*FR-5 = 1.0 x 0.75 x 0.062 in. *"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BC856ALTI = 3A; BC856BLTI = 3B; BC857ALT1 = 3E; BC857BLTI = 3F; 
BC857CLTI = 3G; BC858ALT1 = 3J; BC858BLT1 = 3K; BC858CLT1 = 3L 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BC856 Series 
(lC = -10mA) BC857 Series 

BC858 Series 

Collector-Emitter Breakdown Voltage BC856 Series 
(lC = -10 J.OA, VEB = 0) BC857 Series 

BC858 Series 

Collector-Base Breakdown Voltage BC856 Series 
(lC = -10 J.OA) BC857 Series 

BC858 Series 

Emitter-Base Breakdown Voltage BC856 Series 
(IE = -1.0 J.OA) BC857 Series 

BC858 Series 

Collector Cutoff Current (VCB = -30 V) 
(VCB = -30 V, TA = 150'C) 

ON CHARACTERISTICS 

DC Current Gain BC856A. BC857A, BC585A 
(lC = -10 J.OA, VCE = -5.0 V) BC856A,BC857A,BC858A 

BC857C, BC858C 

(lc = -2.0 mA. VCE = -5.0 V) BC856A, BC857A, BC858A 
BC856B,BC857B,BC858B 
BC857C, BC858C 

Collector-Emitter Saturation Voltage (lC = -10 mA,lB = -0.5 mAl 
(C = -100 mA.IB = -5.0 mAl 

Base-Emitter Saturation Voltage (lC = -10 mA, IB = -0.5 mAl 
(lC = -100 mA, IB = -5.0 mAl 

Base-Emitter On Voltage (lC = -2.0 mA, VCE = -5.0 V) 
(lC = -10 mA, VcE = -5.0 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain Bandwidth Product 
(lC = -10 mA. VCE = -5.0 Vdc, f = 100 MHz) 

Output Capacitance (VCB = -10 V, f = 1.0 MHz) 

Noise Figure (lC = -0.2 mA. VCE = -5.0 Vdc, Rs = 2.0 kIl, 
f = 1.0 kHz, BW = 200 Hz) 

Note: "LT1" must be used when ordertng SOT-23 devices. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

ICBO 

hFE 

VCE(sat) 

VBE(sat) 

VBE(on) 

tr 

Cob 

NF 

CASE 318·07, STYLE 6 
SOT-23 (TO·236AB) 

3 Collector 

,~' ~-© 
2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

PNPSILICON 

*These are Motorola 
designated preferred devices. 

Refer to BC556 for graphs. 

Min Typ Max 

-65 - -
-45 - -
-30 - -
-80 - -
-50 - -
-30 - -
-80 - -
-50 - -
-30 - -
-5.0 - -
-5.0 - -
-5.0 - -
- - -15 
- - -4.0 

- 90 -
- 150 -
- 270 -

125 180 250 
220 290 475 
420 520 800 

- - -0.3 
- - -0.65 

- -0.7 -
- -0.9 -

-0.6 - -0.75 
- - -0.82 

100 - -

- - 4.5 

- - 10 

Unit 

V 

V 

V 

V 

nA 
J.OA 

-

V 

V 

V 

MHz 

pF 

dB 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

PNP Silicon 
Epitaxial Transistor 

This PNP Silicon Epitaxial transistor is designed for use in audio amplifier 
applications. The device is housed in the SOT-223 package which is designed 
for medium power surface mount applications. 

• High Current: 1.5 Amps 

• NPN Complement is BCP56 

• The SOT-223 Package can be soldered using wave or reflow. The formed 
leads absorb thermal stress during soldering, eliminating the possibility of 
damage to the die 

• Available in 12 mm Tape and Reel 
Use BCP53Tl to order the 7 inch/lOOO unit reel. 
Use BCP53T3 to order the 13 inchl4000 unit reel. 

MAXIMUM RATINGS (TC = 25°C unless otherwise noted) 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Power Dissipation @ TA = 25°C(1) 
Derate above 25°C 

Operating and Storage Temperature Range 

DEVICE MARKING 

I AH 
THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-to-Ambient (surface mounted) 

Lead Temperature for Soldering, 0.0625" from case 
Time in Solder Bath 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

PD 

TJ. Tstg 

RaJA 

TL 

COLLECTOR 

3 
EMITTER 

BCP53T1 
Motorola Preferred DevIce 

MEDIUM POWER 
PNPSILICON 

HIGH CURRENT 
TRANSISTOR 

SURFACE MOUNT 

-3 

CASE 318E-04, STYLE 1 
TO-261AA 

Value Unit 

-80 Vdc 

-100 Vdc 

-5.0 Vdc 

1.5 Adc 

1.5 WatlS 
12 mWFC 

-65 to 150 °C 

83.3 °CIW 

260 °C 
10 Sec 

1. DeVice mounted on a glass epoxy pnnted CircUit board 1.575 In. x 1.575 In. x 0.059 In.; mounting pad for the collector lead min. 0.93 sq. In. 

Preferred device. are Motorola recommended choices for future use and best overall value. 

Rev 1 
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BCP53T1 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristics Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage (lc = -100 !lAde, IE = 0) V(BR)CBO -100 - - Vde 

Collector-Emitter Breakdown Voltage (IC = -1.0 mAde, IB = 0) V(BR)CEO -80 - - Vde 

Collector-Emitter Breakdown Voltage (IC = -100 !lAde, RBE = 1.0 kohm) V(BR)CER -100 - - Vde 

Emitter-Base Breakdown Voltage (IE = -10 !lAde, IC = 0) V(BR)EBO -5.0 - - Vde 

Collector-Base Cutoff Current (VCB = -30 Vde, IE = 0) ICBO - - -100 nAde 

Emitter-Base Cutoff Current (VEB = -5.0 Vde, IC = 0) 'EBO - - -10 !lAde 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = -5.0 mAde, VCE = -2.0 Vde) 25 - -
(IC = -150 mAde, VCE = -2.0 Vde) 40 - 250 
(IC = -500 mAde, VCE = -2.0 Vde) 25 - -

Collector-Emitter Saturation Voltage (IC = -500 mAde, IB = -50 mAde) VCE(sat) - - -0.5 Vde 

Base-Emitter On Voltage (IC = -500 mAde, VCE = -2.0 Vde) VBE(on) - - -1.0 Vde 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = -10 mAde, VCE = -5.0 Vde, f = 35 MHz) 

TYPICAL ELECTRICAL CHARACTERISTICS 
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Figure 1. DC Current Gain 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

NPN Silicon 
Epitaxial Transistor 

These NPN Silicon Epitaxial transistors are designed for use in audio 
amplifier applications. The device is housed in the SOT-223 package, which is 
designed for medium power surface mount applications. 

• High Current: 1.0 Amp 
• The SOT-223 package can be soldered using wave or reflow. The formed 

leads absorb thermal stress during soldering, eliminating the possibility of 
damage to the die 

• Available in 12 mm Tape and Reel 
Use BCP56T1 to order the 7 inchll 000 unit reel 
Use BCP56T3 to order the 13 inchl4000 unit reel 

• PNP Complement is BCP53Tl 

MAXIMUM RATINGS (T C = 25'C unless otherwise noted) 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Bese Voltage 

Collector Current 

Total Power Dissipation @ TA = 25'C(I) 
Derate above 25'C 

Operating and Storage Temperature Range 

DEVICE MARKING 

I "'"..,,. 8H 

BCP56-16Tl = BL 

THERMAL CHARACTERISTICS 

Thermal Resistance 
Junction-to-Ambient (surface mounted) 

Maximum Temperature for Soldering Purposes 
Time in Solder Bath 

3 EMmER 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

TJ, Tstg 

RaJA 

TL 

BCP56T1 
SERIES 
Motorola Preferred DevIce 

MEDIUM POWER 
NPN SILICON 

HIGH CURRENT 
TRANSISTORS 

SURFACE MOUNT 

CASE 318E-04, STYLE 1 
TO-261AA 

Value Unit 

80 Vdc 

100 Vdc 

5 Vdc 

1 Adc 

1.5 Watts 
12 mW/'C 

-6510 150 'C 

83.3 'e/W 

280 'C 
10 Sec 

1. Device mounted on a FR-4 glass epoxy printed circuit board 1.575 in. x 1.575 in. x 0.0625 in.; mounting pad for the collector lead = 0.93 sq. in. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rav1 
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BCP56T1 SERIES 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristics Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage V(BR)CBO 100 - - Vdc 
(IC = 100 j.tAdc, IE = 0) 

Collector-Emitter Breakdown Voltage 
(lc = 1.0 mAdc, IB = 0) 

V(BR)CEO 80 - - Vdc 

Emitter-Base Breakdown Voltage 
(IE = 10 I'Adc, IC = 0) 

V(BR)EBO 5.0 - - Vdc 

Collector-Base Cutoff Current ICBO - - 100 nAdc 
(VCB = 30 Vdc, IE = 0) 

Emitter-Base Cutoff Current lEBO - - 10 j.tAdc 
(VEB = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS (2) 

DC Current Gain hFE -
(IC = 5.0 rnA, VCE = 2.0 V) All Part Types 25 - -
(lc = 150 rnA, VCE = 2.0 V) BCP56T1 40 - 250 

BCP56-10T1 63 - 160 
BCP56-16T1 100 - 250 

(lc = 500 rnA, VCE = 2.0 V) All Types 25 - -
Collector-Emitter Saturation Voltage 

(IC = 500 mAdc, IB = 50 mAdc) 
VCE(sat) - - 0.5 Vdc 

Base-Emitter On Voltage 
(IC = 500 mAdc, VCE = 2.0 Vdc) 

VBE(on) - - 1.0 Vdc 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = 10 mAdc, VCE = 5.0 Vdc, f = 35 MHz) 

2. Pulse Test: Pulse Width,; 300 I's, Duty Cycle'; 2.0% 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 2-111 



BCP56T1 SERIES 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

NPN Silicon 
Epitaxial Transistor 

This NPN Silicon Epitaxial Transistor is designed for use in low voltage, high 
current applications. The device is housed in the SOT-223 package, which is 
designed for medium power surface mount applications. 

• High Current: IC = 1.0 Amp 

• The SOT-223 Package can be soldered using wave or reflow. 

• SOT-223 package ensures level mounting, resulting in improved thermal 
conduction, and allows visual inspection of soldered jOints. The formed 
leads absorb thermal stress during soldering, eliminating the possibility of 
damage to the die 

• Available in 12 mm Tape and Reel 
Use BCP68Tl to order the 7 inch/l 000 unit reel. 
Use BCP68T3 to order the 13 inch/4000 unit reel. 

• The PNP Complement is BCP69Tl 

3 EMITTER 

MAXIMUM RATINGS (T C = 25"C unless otherwise noted) 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Collector Current IC 

Total Power Dissipation @ TA = 25"c(1) PD 
Derate above 25"C 

Operating and Storage Temperature Range TJ, Tstg 

DEVICE MARKING 

I CA 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-to-Ambient (surface mounted) RaJA 

Maximum Temperature for Soldering Purposes TL 
Time in Solder Bath 

BCP68T1 
Motorola Preferred Device 

MEDIUM POWER 
NPNSILICON 

HIGH CURRENT 
TRANSISTOR 

SURFACE MOUNT 

CASE 318E-04, STYLE 1 
TO-261AA 

Value Unit 

25 Vdc 

20 Vdc 

5 Vdc 

1 Adc 

1.5 Watts 
12 mWFC 

-65 to 150 "C 

83.3 "CIW 

260 "C 
10 Sec 

1. DeVice mounted on a FR-4 glass epoxy pnnted Clrcurt board 1.575 In. x 1.575 In. x 0.0625 In.; mounting pad for the collector lead = 0.93 sq. In. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 1 
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BCP68T1 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

I Characteristics I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Vo~age 
(IC = 100 !lAde, IE = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 1.0 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 IlAde, IC = 0) 

Collector-Base Cutoff Current 
(Vce = 25 Vde, IE = 0) 

Emitter-Base Cutoff Current 
(VEB = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS (2) 

DC Current Gain 
(IC = 5.0 mAde, VCE = 10 Vde) 
(IC = 500 mAde, VCE = 1.0 Vde) 
(IC = 1.0 Ade, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(IC = 1.0 Ade, le= 100 mAde) 

Base-Emitter On Voltage 
(IC = 1.0 Ade, VCE = 1.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = 10 mAde, VCE = 5.0 Vde) 

2. Pulse Test: Pulse Width,; 300IJ.S, Duty Cycle,; 2.0%. 

V(BR)CES 

V(BR)CEO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

Min Typ Max 

25 - -

20 - -

5.0 - -

- - 10 

- - 10 

50 - -
85 - 375 
60 - -
- - 0.5 

- - 1.0 

TYPICAL ELECTRICAL CHARACTERISTICS 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

PNP Silicon 
Epitaxial Transistor 

This PNP Silicon Epitaxial Transistor is designed for use in low voltage, high 
current applications. The device is housed in the SOT-223 package, which is 
designed for medium power surface mount applications. 

• High Current: IC = -1.0 Amp 

• The SOT-223 Package can be soldered using wave or reflow. 

• SOT-223 package ensures level mounting, resulting in improved thermal 
conduction, and allows visual inspection 01 soldered jOints. The formed 
leads absorb thermal stress during soldering, eliminating the possibility 01 
damage to the die. . 

• Available in 12 mm Tape and Reel 
Use BCP69T1 to order the 7 inch/1000 unit reel. 
Use BCP69T3 to order the 13 inch/4000 unit reel. 

• NPN Complement is BCP68 

MAXIMUM RATINGS (TC = 25'C unless otherwise noted) 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Power Dissipation @ TA = 25'0(1) 
Derate above 25'C 

Operating and Storage Temperature Range 

DEVICE MARKING 

I CE 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-to-Ambient (surface mounted) 

Lead Temperature for Soldering, 0.0625" from case 
Time in Solder Bath 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

TJ, Tstg 

RaJA 

TL 

COLLECTOR 

3 
EMITTER 

BCP69T1 
Motorola Prafarred Device 

MEDIUM POWER 
PNPSILICON 

HIGH CURRENT 
TRANSISTOR 

SURFACE MOUNT 

CASE 31 BE-04, STYLE 1 
TO-261AA 

Value Unit 

-25 Vdc 

-20 Vdc 

-5.0 Vdc 

-1.0 Adc 

1.5 Watts 
12 mW/,C 

-65 to 150 'c 

83.3 'CIW 

260 'c 
10 Sec 

1. DeVice mounted on a glass epoxy printed circUit board 1.575 In. x 1.575 In. x 0.059 In.; mounting pad for the collector lead min. 0.93 sq. In. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 1 
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BCP69T1 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

Characteristics 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (IC = -100 J.lAdc, IE = 0) 

Collector-Emitter Breakdown Voltage (IC = -1.0 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage (IE = -10 J.lAdc, IC = 0) 

Collector-Base Cutoff Current (VCB = -25 Vde, IE = 0) 

Emitter-Base Cutoff Current (VEB = -5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = -5.0 mAde, VCE = -10 Vde) 
(IC =-500 mAde, VCE=-1.0Vde) 
(lc = -1.0 Ade, VCE = -1.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lc = -1.0 Ade, IB =-100 mAde) 

Base-Emitter On Voltage 
(lc = -1.0 Ade, VCE = -1.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = -10 mAde, VCE = -5.0 Vde) 

V(BR)CES 

V(BR)CEO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

-25 - - Vdc 

-20 - - Vdc 

-5.0 - - Vde 

- - -10 J.lAde 

- - -10 J.lAde 

-
50 - -
85 - 375 
60 - -
- - -0.5 Vde 

- - -1.0 Vdc 

TYPICAL ELECTRICAL CHARACTERISTICS 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO -32 

Collector-Base Voltage VCBO -32 

Emitter-Base Voltage VEBO -5_0 

Collector Current - Continuous IC -100 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,' Po 225 
TA = 25'C 
Derate above 25'C 1.B 

Thermal Resistance, Junction to Ambient R6JA 556 

Total Device Dissipation Po 300 
Alumina Substrate, '* TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance, Junction to Ambient R6JA 417 

Junction and Storage Temperature TJ, Tstll -55to +150 

'FR-5 = 1.0 x 0.75 x 0.062 in. 
'*Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
I BCW29LTl = Cl; Boo30LT1 = C2 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = -2.0 mAde, IE = 0) 

Collector-Emitter Breakdown Voltage 
(lC = -100 pAde, VEB = 0) 

Collector-Base Breakdown Voltage 
(lC = -10 pAde, IC = 0) 

Emitter-Base Breakdown Voltage 
(IE = -10 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = -32 Vde, IE = 0) 
(VCB = - 32 Vde, IE = 0, T A = l00'C) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -2.0 mAde, VCE = -5.0 Vdc) Boo29 

BCW30 

Collector-Emitter Saturation Voltage 
(lC = -10 mAdc,lB = -0.5 mAde) 

Base-Emitter On Voltage 
(lC = -2.0 mAde, VCE = -5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(IE = 0, VCB = -10 Vdc, f = 1.0 MHz) 

Noise Figure 
(lC = -0.2 mAde, VCE = -5.0 Vdc, RS = 2.0 kG, f = 1.0 kHz, 
BW = 200 Hz) 

Note: "LT1" must be used when ordering SOT-23 deVices. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mWrc 

'CIW 

mW 

mWrC 

'CIW 

'c 

BCW29LTI 
BCW30LTI 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

3 Coilector 

,~' ~() 
2 Emitter 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

ICBO 

hFE 

VCE(sat) 

VBE(on) 

Cobo 

NF 

GENERAL PURPOSE 
TRANSISTORS 

PNPSIUCON 

Refer to 2N5086 for graphs. 

Min Max 

-32 -
-32 -
-32 -

-5.0 -

- -100 
- -10 

120 260 
215 500 

- -0.3 

-0.6 -0.75 

- 7.0 

- 10 

Unit 

Vdc 

Vde 

Vde 

Vde 

nAde 
pAde 

-
-

Vdc 

Vdc 

pF 

dB 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 20 

Collector-Base Voltage VCBO 30 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 100 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,' Po 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Total Device Dissipation Po 300 
Alumina Substrate," T A = 25°C 
Derate a bove 25°C 2.4 

Thermal Resistance Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, TstQ -55to +150 

'FR-5 = 1.0 x 0.75 x 0.062 !n. 

"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
BCW31LT1 = 01; BCW33LT1 = 03 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 2.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lc = 10 !lAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 !lAde, IC = 0) 

Collector Cutoff Current 
(VCB = 32 V, IE = 0) 
(VCB = 32 V, IE = 0, TA = 100°C) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 2.0 mAde, VCE = 5.0 Vde) 

Collector-Emitter Saturation Voltage 
(lc = 10 mAde, IB = 0.5 mAde) 

Base-Emitter On Voltage 
(lc = 2.0 mAde, VCE = 5.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(IE = 0, VCB = 10 Vdc, f = 1.0 MHz) 

Noise Figure 
(lC = 0.2 mAde, VCE = 5.0 Vde, RS = 2.0 kO 
f = 1.0 kHz, BW = 200 Hz) 

Note: "LT1" must be used when ordering SOT-23 devices. 
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Unit 

Vde 

Vde 

Vde 

mAde 

Unit 

mW 

mWrC 

0c/w 

mW 

mWrC 

°CIW 

°C 

BCW33LTl 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector 

,~' ,:~ 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

hFE 

VCE(sat) 

VBE(on) 

Cobo 

NF 

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPNSILICON 

Refer to MPS3904 for graphs. 

Min Max 

32 -

32 -

5.0 -

- 100 
- 10 

420 800 

- 0.25 

0.55 0.70 

- 4.0 

- 10 

Unit 

Vde 

Vde 

Vdc 

nAde 
!lAde 

-

Vde 

Vde 

pF 

dB 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 32 V 

Collector-Base Voltage VCBO 32 V 

Emitter-Base Voltage VEBO 5.0 V 

Collector Current - Continuous IC 100 mAde 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' PD 225 mW 
TA = 25'C 
Derate above 25'C 1.8 mWrC 

Thermal Resistance Junction to Ambient RflJA 556 'CIW 

Total Device Dissipation PD 300 mW 
Alumina Substrate," T A = 25"C 
Derate above 25'C 2.4 mWrC 

Thermal Resistance Junction to Ambient RflJA 417 'CIW 

Junction and Storage Temperature TJ, Tst9 -55 to +150 ·C 

'FR-5 = 1.0 x 0.75 x 0.062 in. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
BCW60AL T1 = AA; BCW60BL T1 = AB; BCW60DL T1 = AD 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 2.0 mAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 1.0 pAde, IC = 0) 

Collector Cutoff Current 
(VCE = 32 Vde) 
(VCE = 32 Vde, TA = 150"C) 

Emitter Cutoff Current 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 10 pAde, VCE = 5.0 Vde) BCW60A 

BCW60B 
BCW60D 

(lC = 2.0 mAde, VCE = 5.0 Vde) BCW60A 
BCW60B 
BCW60D 

(lc = 50 mAde, VCE = 1.0 Vde) BCW60A 
BCW60B 
BCW60D 

AC Current Gain 
(lC = 2.0 mAde, VCE = 5.0 Vde, f = 1.0 kHz) BCW60A 

BCW60BI 
BCW60D 

Collector-Emitter Saturation Voltage 
(lC = 50 mAde, IB = 1.25 mAde) 
(lc = 10 mAde, IB = 0.25 mAde) 

Base-Emitter Saturation Voltage 
(lC = 50 mAde, IB = 1.25 mAde) 
IIC = 50 mAde, IB = 0.25 mAde) 

Base-Emitter On Voltage 
IIc = 2.0 mAde, VCE = 5.0 Vde) 

Note: "LT1" must be used when ordering SOT-23 devices. 

BCW60ALTI 
BCW60BLTI 
BCW60DLTI 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector 

,~' ~~ 

Symbol 

V(BR)CEO 

V(BR)EBO 

ICES 

lEBO 

hFE 

hfe 

VCE(sat) 

VBE(sat) 

VBE(on) 

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPNSIUCON 

Refer to MPS3904 for graphs. 

Min Max 

32 -

5.0 -

- 20 
- 20 

- 20 

20 -
30 -
100 -

120 220 
175 310 
380 630 

60 -
70 -
100 -

125 250 
175 350 
350 700 

- 0.55 
- 0.35 

0.7 1.05 
0.6 0.85 

0.6 0.75 

Unit 

Vde 

Vde 

nAde 
pAde 

nAde 

-

-

Vde 

Vde 

Vde 
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BCW60ALT1 BCW60BLT1 BCW60DLT1 

ELECTRICAL CHARACTERISTICS (continued) (TA = 2S'C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product t-r 125 - MHz 
(lC = 10 mAde, VCE = S.O Vdc, f = 100 MHz) 

Output Capacitance Cabo - 4.S pF 
(VCE = 10 Vdc, IC = 0, f = 1.0 MHz) 

Noise Figure NF - 6.0 dB 
(lC = 0.2 mAde, VCE = 5.0 Vde, RS = 2.0 kO, 
f = 1.0 kHz, BW = 200 Hz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - ISO ns 
(lC = 10 mAde, IBI = 1.0 mAde) 

Turn-Off Time toff - 800 ns 
(lB2 = 1.0 mAde, VBB = 3.6 Vde, Rl = R2 = 5.0 kO, 
RL = 990O) 
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MAXIMUM RATINGS 
Rating Symbol' Value Unit 

Collector-Emitter Voltage VCEO -32 V 

Collector-Base Voltage VCBO -32 V 

Emitter-Base Voltage VEBO -5,0 V 

Collector Current - Continuous IC -100 mAdc 

THERMAL CHARACTERISTICS 
Charactaristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' Po 225 mW 
TA = 25'C 
Derate above 25'C 1.8 mWrC 

Thermal Resistance, Junction to Ambient R/IJA 556 ·C/W 

Total Device Dissipation Po 300 mW 
Alumina Substrate," TA = 25'C 
Derate above 25'C 2.4 mWrC 

Thermal Resistance Junction to Ambient R/IJA 417 ·C/W 

Junction and Storage Temperature TJ, Tstg -55 to +150 ·C 

'FR-5 = 1.0 x 0.75 x 0.062 in. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
I BCW61BLT1 = BB; BCW61CLTl = BC; BCW61DLT1 = BD 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = - 2.0 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = -1.0 ItAdc, IC = 0) 

Collector Cutoff Current 
(VCE = -32 Vdc) 
(VCE = -32 Vdc, TA = 150"C) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -10 ItAdc, VCE = -5.0Vdc) BCW61B 

BCW61C 
BCW61D 

(lC = -2.0 mAdc, VCE = -5.0 Vdc) BCW61B 
BCW61C 
BCW61 0 

(lC = -50 mAdc, VCE = -1.0 Vdc) BCW61B 
BCW61C 
BCW61D 

AC Current Gain 
(lC = -2.0 mAdc, VCE = -5.0 Vdc, f = 1.0 kHz) BCW61 A 

BCW61B 
BCW61C 
BCW61 0 

Collector-Emitter Saturation Voltage 
(lC = -50 mAdc, IB = -1.25 mAdc) 
(lC = -10 mAdc, IB = -0.25 mAdc) 

Base-Emitter Saturation Voltage 
(lC = - 50 mAde, IB = -1.25 mAde) 
(lC = -10 mAde, 18 = -0.25 mAde) 

Base-Emitter On Voltage 
(lC = -2.0 mAdc, VCE = -5.0 Vde) 

Note: "L T1" must be used when ordering SOT-23 devices. 

BCW61BLTl 
BCW61CLTl 
BCW61DLTl 

CASE 318·07, STYLE 6 
SOT·23 (TO·236AB) 

3 Collector 

,~' ~-@ 

Symbol 

V(BR)CEO 

V(BR)EBO 

ICES 

hFE 

hfe 

VCE(sat) 

VBE(sat) 

VBE(on) 

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

PNPSILICON 

Refer to 2N5086 for graphs. 

Min Max 

-32 -

-5.0 -

- -20 
- -20 

30 -
40 -
100 -
140 310 
250 460 
380 630 

80 -
100 -
100 -

125 250 
175 350 
250 500 
350 700 

- -0.55 
- -0.25 

-0.68 -1.05 
-0.6 -0.85 

-0.6 -0.75 

Unit 

Vdc 

Vdc 

nAdc 
ItAdc 

-

-

Vdc 

Vdc 

Vde 
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BCW61BLT1 BCW61CLT1 BCW61DLT1 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

I Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo - 6.0 pF 
(VCE = -10 Vdc, IC = 0, f = 1.0 MHz) 

Noise Figure NF - 6.0 dB 
(lc = -0.2 mAde, VCE = -5.0 Vdc, RS = 2.0 kO, f = 1.0 kHz, BW = 200 Hz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 150 ns 
(lc = -10 mAde, IBl = -1.0 mAde) 

Turn-Off Time toft - 800 ns 
(lB2 = -1.0 mAde, VBB = -3.6 Vdc, Rl = R2 = 5.0 kG, RL = 990 n) 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 32 

Collector-Base Voltage VCBO 60 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 800 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,' Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient RIIJA 556 

Total Device Dissipation Po 300 
Alumina Substrate," TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient RIIJA 417 

Junction and Storage Temperature TJ, Tsta -55 to +150 

'FR-5 = 1.0 x 0.75 x 0.062 In. 

"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BCW65ALT1 = EA 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 10 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(lC = 10 !LAde, VEB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 !LAde, IC = 0) 

Collector Cutoff Current 
(VCE = 32 Vde, IE = 0) 
(VCE = 32 Vde, IE = 0, TA = 150'C) 

Emitter Cutoff Current 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 100 !LAde, VCE = 10 Vde) 
(lC = 10 mAde, VCE = 1.0 Vde) 
(lC = 100 mAde, VCE = 1.0 Vde) 
(lC = 500 mAde, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 500 mAde, IB = 50 mAde) 
(lC = 100 mAde, IB = 10 mAde) 

Base-Emitter Saturation Voltage 
(lC = 500 mAde, IB = 50 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 20 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) 

Noise Figure 
(lC = 0.2 mAde, VCE = 5.0 Vde, RS = 1.0 kG, 
f = 1.0 kHz, BW = 200 Hz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(lBl = IB2 = 15 mAde) 

Turn-Off Time 
(lc = 150 mAde, RL = 150 ill 

Unit 

Vde 

Vde 

Vde 

mAde 

Unit 

mW 

mWf'C 

'C/W 

mW 

mWf'C 

'c/w 

'c 

BCW65ALTl 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector 

,~'~~ 
2 Emitter 

GENERAL PURPOSE TRANSISTOR 

NPNSIUCON 

Symbol Min Typ Max Unit 

V(BR)CEO 32 - - Vde 

V(BR)CES 60 - - Vde 

V(BR)EBO 5.0 - - Vde 

ICES 
- - 20 nAde 
- - 20 !LAde 

lEBO - - 20 nAde 

hFE -
35 - -
75 - 220 
100 - 250 
35 - -

VCE(sat) Vde 
- 0.7 -
- 0.3 -

VBE(sat) - - 2.0 Vde 

f,- 100 - - MHz 

Cobo - - 12 pF 

Cibo - - 80 pF 

NF - - 10 dB 

ton - - 100 ns 

Ioff - - 400 ns 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO -45 

Collector-Base Voltage VCBO -60 

Emitter-Base Voltage VEBO -S.O 

Collector Current - Continuous IC -800 

THERMAL CHARACTERISITCS 

Characteristic Symbol Max 

Total Device Dissipation FR-S Board,' Po 225 
TA = 2S·C 
Derate above 2S·C 1.8 

Thermal Resistance, Junction to Ambient R8JA 556 

Total Device Dissipation Po 300 
Alumina Substrate," TA = 2S·C 
Derate above 25·C 2.4 

Thermal Resistance, Junction to Ambient R6JA 417 

Junction and Storage Temperature TJ, Tstg -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BCW68GLTl = DH 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc = -10 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(lC = -10 pAdc, VEB = 0) 

Emitter-Base Breakdown Voltage 
(IE = -10 pAdc, IC = 0) 

Collector Cutoff Current 
(VCE = -4S Vdc, IE = 0) 
(VCE = -4S Vdc, IB = 0, TA = 150·C) 

Emitter Cutoff Current 
(VEB = -4.0 Vdc, IC = 0)· 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -10 mAde, VCE = -1.0 Vdc) 
(lC = -100 mAde, VCE = -1.0Vdc) 
(lC = -300 mAde, VCE = -1.0 Vdc) 

Collector-Emitter Saturation Voltage (lC = -300 mAde, IB = -30 mAde) 

Base-Emitter Saturation Voltage (lC = -500 mAde, IB = -50 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -20 mAde, VCE = -10 Vdc, f = 100 MHz) 

Output Capacitance (VCB = -10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance (VEB = - 0.5 Vdc, IC = 0, f = 1.0 MHz) 

Noise Figure (lC = -0.2 mAde, VCE = -5.0 Vdc, RS = 1.0 kO, 
f = 1.0 kHz, BW = 200 Hz) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Unit 

mW 

mWFC 

.C/W 

mW 

mWFC 

.C/W 

·C 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)EBO 

ICES 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

for 

Cobo 

Cibo 

NF 

BCW68GLTl 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector 

,~' .~() 
2 Emitter 

GENERAL PURPOSE 
TRANSISTOR 

PNPSIUCON 

Min Typ Max 

-45 - -

-60 - -
-S.O - -

- - -20 
- - -10 

- - -20 

120 - 400 
160 - -
60 - -

- - -1.5 

- - -2.0 

100 - -

- - 18 

- - lOS 

- - 10 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 
/LAde 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

dB 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO -45 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -100 

THERMAL CHARACTERISITCS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,' Po 225 
TA = 25"C 
Derate above 25"C 1.8 

Thermal Resistance, Junction to Ambient R/IJA 556 

Total Device Dissipation Po 300 
Alumina Substrate," TA = 25"C 
Derate above 25"C 2.4 

Thermal Resistance, Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, Tsto -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
I BCW69LTl = Hl; BCW70LTl = H2 

ELECTRICAL CHARACTERISTICS (T A = 25"C unless otherwise noled.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = -2.0 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage 
(lC = -100 pAdc, VEB = 0) 

Emitter-Base Breakdown Voltage 
(IE = -10 pAdc, IC = 0) 

Collector Cutoff Current 
(VCB = -20 Vdc, IE = 0) 
(VCB = -20 Vdc, IE = 0, TA = 100"C) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -2.0 mAdc, VCE = -5.0 Vdc) BCW69 

BCW70 

Collector-Emitter Saturation Voltage 
(lC = -10 mAdc, IB = -0.5 mAdc) 

Base-Emitter On Voltage 
(lC = -2.0 mAdc, VCE = -5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(IE = 0, VCB = -10 Vdc, f = 1.0 MHz) 

Noise Figure 
(lC = -0.2 mAdc, VCE = -5.0 Vdc, RS = 2.0 kO, 
1= 1.0 kHz. BW = 200 Hz) 

Note: "LT1" must be used when ordering SOT-23 deVices. 

Unit 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mWrC 

"C/W 

mW 

mWrC 

"C/W 

"C 

BCW69LTl 
BCW70LTl 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector 

,~' ~-© 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)EBO 

ICBO 

hFE 

VCE(sat) 

VBE(on) 

Cobo 

NF 

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

PNPSIUCON 

Refer to 2N5086 for graphs. 

Min Max 

-45 -

-50 ~ 

-5.0 -

- -100 
- -10 

120 260 
215 500 

- -0.3 

-0.6 -0.75 

- 7.0 

- 10 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 
pAdc 

-

Vdc 

Vdc 

pF 

dB 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 45 

Collector-Base Voltage VCBO 50 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 100 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,' PD 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R9JA 556 

Total Device Dissipation PD 300 
Alumina Substrate," TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient R9JA 417 

Junction and Storage Temperature TJ, Tstg -55to +150 

'FR-5 = 1.0 x 0.75 x 0.062 In. 

"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BCW72LTl = K2 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 2.0 mAde, VEB = 0) 

Collector-Emitter Breakdown Voltage 
(lc = 2.0 mAde, VEB = 0) 

Collector-Base Breakdown Voltage 
(lc = 10 /lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 /lAde, IC = 0) 

Collector Cutoff Current 
(VCB = 20 Vde, IE = 0) 
(VCB = 20 Vdc, IE = 0, TA = 100°C) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 2.0 mAde, VCE = 5.0 Vde) 

Collector-Emitter Saturation Voltage 
(lc = 10 mAde, IB = 0.5 mAde) 
(lC = 50 mAde, IB = 2.5 mAde) 

Base-Emitter Saturation Voltage 
(lc = 50 mAde, IB = 2.5 mAde) 

Base-Emitter On Voltage 
(lC = 2.0 mAde, VCE = 5.0 Vde) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mAde, VCE = 5.0 Vde, f = 100 MHz) 

Output Capacitance 
(IE = 0, VCB = 10 Vde, f = 1.0 MHz) 

Input Capacitance 
(IE = 0, VCB = 10 Vde, 1= 1.0 MHz) 

Noise Figure 
(lC = 0.2 mAde, VCE = 5.0 Vde, RS = 2.0 kO, 
1= 1.0 kHz, BW = 200 Hz) 

Note: "LTl" must be used when ordering SOT-23 devices. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

Unit 

mW 

mWI"C 

°C/W 

mW 

mWI"C 

°C/W 

°C 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

ICBO 

hFE 

VCE(sat) 

VBE(sat) 

VBE(on) 

fT 

Cobo 

Cibo 

NF 

BCW72LTI 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector 

,~' ~~ 
2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

Refer to MPS3904 for graphs. 

Min Typ Max 

45 - -

45 - -
50 - -

5.0 - -

- - 100 
- - 10 

200 - 450 

- - 0.25 
- 0.21 -
- 0.85 -

0.6 - 0.75 

- 300 -

- - 4.0 

- 9.0 -

- - 10 

Unit 

Vdc 

Vde 

Vde 

Vde 

nAdc 
/lAde 

-

Vde 

Vde 

Vde 

MHz 

pF 

pF 

dB 
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MAXIMUM RATINGS 

Value 

BCX17LT1 BCX18LTl 
Rating Symbol BCX19LTl BCX20LTl 

Collector-Emitter Voltage VCEO 45 25 

Collector-Base Voltage VCBO 50 30 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board;' Po 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient RIIJA 556 

Total Device Dissipation Po 300 
Alumina Substrate," TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient RIIJA 417 

Junction and Storage Temperature TJ, Tsta -55to +150 

'FR-5 = 1.0 x 0.75 x 0.062 In. 

"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BCX17LTl = Tl; 8CX18LTl = T2; BCX19LT1 = Ul; BCX20LT1 = U2 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 10 mAde, IB = 0) BCX17,19 

BCX18,20 

Collector-Emitter Breakdown Voltage 
(lC = 10 pAde, IC = 0) BCX17,19 

BCX18,20 

Collector Cutoff Current 
(VC8 = 20 Vde, IE = 0) 
(VCB = 20 Vde, IE = 0, TA = 150°C) 

Emitter Cutoff Current 
(VEB = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 100 mAde, VCE = 1.0 Vde) 
(lc = 300 mAde, VCE = 1.0 Vde) 
(lC = 500 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 500 mAde, IB = 50 mAde) 

Base-Emitter On Voltage 
(lC = 500 mAde, VCE = 1.0 Vde) 

(1) Voltage and current are negative for PNP transistors. 

Note: "LT1" must be used when ordering SOT-23 devices. 

PNP NPN 

Unit 

Vde 

BCX17LTl (1) 

BCX18LTl (1) 

BCX19LTl 
BCX20LTl 

Vde 3 Collector 3 Collector 

Vde 

mAde ~-© ~() 
Unit 

mW 

mWrC 

°CIW 

mW 

mWrC 

°CIW 

°C 

Symbol 

V(BR)CEO 

V(BR)CES 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

2 Emitter 2 Emitter 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 1.3 .,. 
GENERAL PURPOSE 

TRANSISTORS 

Min Typ Max 

45 - -
25 - -

50 - -
30 - -

- - 100 
- - 5.0 

- - 10 

100 - 600 
70 - -
40 - -
- - 0.62 

- - 1.2 

Unit 

Vde 

Vde 

nAde 
pAde 

pAde 

-

Vde' 

Vde 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 45 Vde 

Collector-Base Voltage VCBO 45 Vde 

Emitter-Base Voltage VEBO 5.0 Vde 

Collector Current - Continuous IC 200 mAde 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' PD 225 mW 
TA = 25°C 
Derate above 25°C 1.8 mWrC 

Thermal Resistance Junction to Ambient R8JA 556 °CIW 

Total Device Dissipation PD 300 mW 
Alumina Substrate," TA = 25°C 
Derate above 25°C 2.4 mWrC 

Thermal Resistance Junction to Ambient R8JA 417 °CIW 

Junction and Storage Temperature TJ, Tstg -55 to +150 °C 

'FR-5 = 1.0 x 0.75 x 0.062 'n. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BCX70GlTl = AG; BCX7OJlT1 = AJ; BCX70KlTl = AK 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 2.0 mAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 1.0 pAde, IC = 0) 

Collector Cutoff Current 
(VCE = 32 Vde) 
(VCE = 32 Vde, TA = 150°C) 

Emitter Cutoff Current 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 10 pAde, VCE = 5.0 Vde) BCX70G 

BCX70J 
BCX70K 

(lC = 2.0 mAde, VCE = 5.0 Vde) BCX70G 
BCX70J 
BCX70K 

(lC = 50 mAde, VCE = 1.0 Vde) BCX70G 
BCX70J 
BCX70K 

Collector-Emitter Saturation Voltage 
(lC = 50 mAde, IB = 1.25 mAde) 
(lC = 10 mAde, IB = 0.25 mAde) 

Base-Emitter Saturation Voltage 
(lC = 50 mAde, IB = 1.25 mAde) 
(lC = 50 mAde, IB = 0.25 mAde) 

Base-Emitter On Voltage 
(lc = 2.0 mAde, VCE = 5.0 Vde) 

Note: "lT1" must be used when orderln9 SOT-23 deVIces. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

BCX70GLTl 
BCX70JLTl 
BCX70KLTl 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector 

,~' .:() 

Symbol 

V(BR)CEO 

V(BR)EBO 

ICES 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

VBE(on) 

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

Refer to MPS3904 for graphs. 

Min Max 

45 -

5.0 -

- 20 
- 20 

- 20 

- -
40 -
100 -

120 220 
250 460 
380 630 

60 -
90 -
100 -

- 0.55 
- 0.35 

0.7 1.05 
0.6 0.85 

0.55 0.75 

Unit 

Vde 

Vde 

nAde 
J.tAde 

nAde 

-

Vde 

Vde 

Vde 
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BCX70GLT1 BCX7O.JLT1 BCX70KLT1 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted.) 

I Characteristic I Symbol Min Max Unit 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 125 - MHz 
(lC = 10 mAde, VCE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 4.5 pF 
(VCB = 10 Vdc, IC = 0, f = 1.0 MHz) 

Small-Signal Current Gain hte -
(lC = 2.0 mAde, VCE = 5.0 Vdc, f = 1.0 kHz) BCX70G 125 250 

BCX70J 250 500 
BCX70K 350 700 

Noise Figure NF - 6.0 dB 
(lC = 0.2 mAde, VCE = 5.0 Vdc, RS = 2.0 Idl, 
f = 1.0 kHz, BW = 200 Hz 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 150 ns 
(lC = 10 mAdc;IBl = 1.0 mAde) 

Turn-Off TIme toff - 800 ns 
(lB2 = 1.0 mAde, VBB = 3.6 Vdc, Rl = R2 = 5.0 Idl, 
RL = 9900) 
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MAXIMUM RATINGS 

Rating Symbol BDB01C BDB01D Unit 

Collector-Emitter Voltage VCEO 80 100 Vdc 

Collector-Base Voltage VCES 80 100 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous IC 0.5 Adc 

Total Device Dissipation Po 1.0 Watt 
@TA=25'C 8.0 mWI'C 
Derate above 25'C 

Total Device Dissipation Po 2.5 Watt 
@TC = 25'C 20 mWI'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 'c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R/IJA 125 'cJW 

Thermal Resistance, Junction to Case R6JC 50 'CIW 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Voltage 
(lC = 10 mA. IB = 0) BDB01C 

BDB01D 

Collector Cutoff Current 
(VCB = 80 V, IE = 0) BDB01C 
(VCB = 100 V, IE = 0) BDB01D 

Emitter Cutoff Current 
(lc = 0, VEB = 5.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 100 mA, VCE = 1.0 V) 
(lc = 500 mA, VCE = 2.0 V) 

Collector-Emitter Saturation Voltage* 
(lC = 1000 mA, IB = 100 mAl 

Collector-Emitter On Voltage* 
(lC = 1000 mA, VCE = 1.0 V) 

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product 
(lc = 200 mA. VCE = 5.0 V, f = 20 MHz 

Output Capacitance 
(VCB = 10 V, IE = 0, f = 1.0 MHz 

*Pulse Test: Pulse Width", 300 p.o. Duty Cycle 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

BDB01C,D 

CASE 29·05, STYLE 1 
TO·92 (TO·226AE) 

3 Collector 

~~ 
1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTORS 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO Vdc 
80 -
100 -

ICBO pAdc 
- .01 
- .01 

lEBO - 100 nAdc 

hFE -
40 400 
25 -

VCE(sat) - 0.7 Vdc 

VBE(on) - 1.2 Vdc 

tr 50 - MHz 

Cob - 30 pF 
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BDB01C,D 
FIGURE 1 - D.C. CURRENT GAIN 
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MAXIMUM RATINGS 
Rating Symbol BDB02C BDB02D Unit 

Collector-Emitter Voltage VCEO -80 -100 Vdc 

Collector-Base Voltage VCES -80 -100 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous IC -0.5 Adc 

Total Device Dissipation Po 1.0 Watt 
@TA=25'C 8.0 mWrC 
Derate above 25'C 

Total Device Dissipation Po 2.5 Watt 
@TC = 25'C 20 mWrC 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 ·C 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 125 'c/W 

Thermal Resistance, Junction to Case R8JC 50 ·C/W 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTlCS 

Collector-Emitter Voltage 
(lC =,-10 mA, IB = 0) BDB02C 

BDB02D 

Collector Cutoff Current 
(VCB = -80 V, IE = 0) BDB02C 
(VCB = -100 V, IE = 0) BDB02D 

Emitter Cutoff Current 
(lc = 0, VEB = -5.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = -100 mA, VCE = -1.0 V) 
(lc = -500 mA, VCE = -2.0 V) 

Collector-Emitter Saturation Voltage" 
(lC = -1000 mA, IB = -100 mAl 

Collector-Emitter On Voltage" 
(lc = -1000 mA. VCE = -1.0V) 

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product 
(IC = -200 mA. VCE = -5.0 V, f = 20 MHz 

Output Capacitance 
(VCB = -10V, IE = 0, f = 1.0 MHz 

'Pulse Test: Pulse Width", 300 p.O, Duty Cycle 2.0%. 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

BDB02C,D 

CASE 29-05, STYLE 1 
TO-92 (TO-226AE) 

3 Collector 

~-© 
1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTORS 

PNPSILICON 

Symbol Min Max Unit 

V(BR)CEO Vdc 
-80 -
-100 -

ICBO !lAdc 
- -0.1 
- -0.1 

lEBO - -100 nAdc 

hFE -
40 400 
25 -

VCE(sat) - -0.7 Vdc 

VBE(on) - -1.2 Vdc 

tr 50 - MHz 

Cob - 30 pF 
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MAXIMUM RATINGS 

Rating Symbol BDC01D 

Collector-Emitter Voltage VCEO 100 

Collector-Base Voltage VCBO 100 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 0.5 

Total Device Dissipation @ T A = 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @ T C = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 125 

Thermal Resistance, Junction to Case R8JC 50 

ELECTRICAL CHARACTERISTICS (T A = 25°c unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Voltage 
(lC = 10 mA,lB = 0) 

Collector Cutoff Cu rrent 
(VCB = 100 V, IE = 0) 

Emitter Cutoff Current 
(lC = 0, VEB = 5.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 100 mA, VCE = 1.0 V) 
(lc = 500 mA, VCE = 2.0 V) 

Collector-Emitter Saturation Voltage' 
(lC = 1000 mA, IB = 100 mAl 

Collector-Emitter On Voltage" 
(lC = 1000 mA. VCE = 1.0 V) 

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product 
(lC = 200 mA. VCE = 5.0 V, f = 20 MHz 

Output CapaCitance 
(VCB = 10 V, IE = 0, f = 1.0 MHz) 

'Pulse Test: Pulse Width" 300 1'8, Duty Cycle 2.0%. 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mWrC 

Watt 
mWrC 

°c 

Unit 

0c/w 

°CIW 

BDCOID 

CASE 29-05, STYLE 14 
TO-92 (TO-226AE) 

2 Collector 

~~ 
1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPSW05 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 100 - Vdc 

ICBO - 0.1 pAdc 

lEBO - 100 nAdc 

hFE -
40 400 
25 -

VCE(sat) - 0.7 Vdc 

VBE(on) - 1.2 Vdc 

IT 50 - MHz 

Cob - 30 pF 
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MAXIMUM RATINGS 

Rating Symbol BDC02D 

Collector-Emitter Voltage VCEO -100 

Collector-Base Voltage VCBO -100 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -0.5 

Total Device Dissipation @TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @ TC = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RfJJA 125 

Thermal Resistance, Junction to Case RfJJC 50 

ELECTRICAL CHARACTERISTICS (TA = 25°c unless otherwise noted) 

Characteristic 

OFF CHARACTERISnCS 

Collector-Emitter Voltage 
(lC = -10 mA, IB = 0) 

Collector Cutoff Current 
(VCB = -100 V, IE = 0) 

Emitter Cutoff Current 
(lC = 0, VEB = -5.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -100 rnA. VCE = -1.0 V) 
(lc = -500 mA, VCE = -2.0 V) 

Collector-Emitter Saturation Voltage" 
(lC = -1000 mA.IB = -100 mAl 

Collector-Emitter On Voltage" 
(lC= -1000mA,VCE= -1.0V) 

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product 
(lC = -200 mA. VCE = -5.0 V, f = 20 MHz 

Output Capacitance 
(VCB = -10 V, IE = 0, f = 1.0 MHz) 

'Pulse Test: Pulse Width", 300 p.s, Duty Cycle 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mWt'C 

Watt 
mWt'C 

°C 

Unit 

°CfW 

°CIW 

BDC02D 

CASE 29-05, STYLE 14 
TO-92 (TO·226AE) 

'3~lIector 

Base~ 
1 Emitter 

ONEWATI 
AMPLIFIER TRANSISTOR 

PNPSILICON 

Refer to MPSW55 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -100 - Vdc 

ICBO - -0.1 "Adc 

lEBO - -100 nAdc 

hFE -
40 400 
25 -

VCE(sat) - -0.7 Vdc 

VBE(on) - -1.2 Vdc 

tr 50 - MHz 

Cob - 30 pF 

2-136 Motorola Small-Signal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS 
Rating Symbol Valua 

Collector-Emitter Voltage VCEO 300 

Collector-Base Voltage VCBO 300 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 500 

Total Device Dissipation @TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @ TC = 25°C Po 2.5 
Derate above 25°C 50 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ROJA 125 

Thermal Resistance, Junction to Case ReJC 50 

ELECTRICAL CHARACTERISTICS (T A = 25°c unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lc = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 pAdc, IC = 0) 

Collector Cutoff Cu rrent 
(VCB = 200 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, Ie = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 25 mAde, VCE = 20 Vdc) 

Collector-Emitter Saturation Voltage' 
(lC = 20 mAde, IB = 2.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = 20 rnA, IB = 2.0 mAl 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(lC = 10 mAde, VCE = 10 Vdc, f = 20 MHz 

Collector-Base Capacitance 
(VCB = 30 Vdc, IE = 0, f = 1.0 MHz) 

'Pulse Test: Pulse Width", 300 p.s, Duty Cycle 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mWI"C 

Watt 
mWI"C 

OC 

Unit 

0c/w 

°CIW 

BDCOS 
CASE 29·05, STYLE 14 

TO·92 (TO·226AE) 

2 Collector 

~-© 
, Emitter 

ONE WATT 
HIGH VOLTAGE TRANSISTOR 

NPN SILICON 

Refer to MPSW42 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 300 - Vdc 

V(BR)CBO 300 - Vdc 

V(BR)EBO 5.0 - Vdc 

ICBO - 0.01 pAdc 

lEBO - 10 pAdc 

hFE 40 - -

VCE(sat) - 2 Vdc 

VBE(sat) - 2.0 Vdc 

fT 60 - MHz 

Cre - 2.8 pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 25 Vdc 

Collector-Base Voltage VCBO 40 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 100 mAde 

Total Device Dissipation @ T A ~ 25°C PD 350 mW 
Derate above 25°C 2.8 ,mW/oC 

Total Device Dissipation @ TC ~ 25°C PD 1.0 Watt 
Derate above 25°C 8.0 mW/oC 

Operating and Storage Junction TJ, Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R/IJA 357 ·C/W 

Thermal Resistance, Junction to Case R/lJC 125 ·CIW 

ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherwise noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC ~ 1 mAde, IB ~ 0) 

V(BR)CEO 

Collector-Base Breakdown Voltage 
(IC ~ 1 00 ~Adc, IE ~ 0) 

V(BR)CBO 

Emitter-Base Breakdown Voltage 
(IE = 10 ~dc,IC ~ 0) 

V(BR)EBO 

Collector Cutoff Cu'rrent ICBO 
(VCB ~ 20 Vdc, IE ~ 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lc = 7 mAde, VCE ~ 10 Vdc) 

Base-Emitter On Voltage 
(lc ~ 7 mAde, VCE ~ 10 Vdc) 

VBE(on) 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain-Bandwidth Product (2) fT 
(lc ~ 5 mAde, VCE ~ 10 Vdc, f ~ 100 MHz) 

Common Emitter Feedback Capacitance Cre 
(VCB = 10 Vdc, IE ~ 0, t ~ 1.0 MHz) 

Noise Figure Nt 
(lc ~ 4 rnA, VCE ~ 10 V, RS ~ 50 Q, f ~ 35 MHz) 

BFI99 
CASE 29·04, STYLE 21 

TO·92 (TO·226AA) 

2 Emitter 

RF TRANSISTOR 

NPN SILICON 

Refer to BF240 for graphs. 

Min. Typ. Max. Unit 

Vdc 
25 

Vdc 
40 

Vdc 
4 

nAdc 
100 

40 85 

mVdc 
770 900 

MHz 
400 750 

pF 
0.25 0.35 

dB 
2.5 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector-Base Voltage VCBO 45 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 50 mAde 

Total Device Dissipation @TA = 25°C PD 350 mW 
Derate above 25°C 2.B mW/oC 

Total Device Dissipation @TC = 25°C PD 1.0 Watt 
Derate above 25°C 8.0 mW/oC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RruA 357 ·C/W 

Thermal Resistance, Junction to Case RruC 125 ·C/W 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1 mAde, IB = 0) 

V(8R)CEO 

Collector-Base Breakdown Voltage VIBR)CBO 
(lc = 100 ILAdc.IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 ILAdc, IC = 0) 

V(BR)EBO 

Collector Cutoff Current ICBO 
(VCB = 20 Vdc, IE = 0) TA=25°C 

Emitter Cutoff Current lEBO 
(VEB = 3.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lc = 7 mAde, VCE = 10 Vdc) 

Base-Emitter On Voltage VBE(on) 
(IC = 7 mAde, VCE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAde, IB = 1.0 mAde) 

VCE(sat) 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain-Bandwidth Product IT 
(lc = 1.5 mAde, VCE = 10 Vdc, I = 100 MHz) 
(lc = 7 mAde, VCE = 10 Vdc, 1= 100 MHz) 

Common Emitter Feedback Capacitance Cre 
(VCE = 10 Vdc, IE = 0, I = 1 MHz) 

Noise Figure NI 
(IC = 1.0 mAde, VCE = 10 Vdc, RS = 50 ohms, I = 100 MHz) 

1= 200 MHz 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

BF224 
CASE 29-04, STYLE 21 

TO-92 (TO-226AA) 

1 Collector 

~-@ 
2 Emitter 

RF TRANSISTOR 

NPN SILICON 

Refer to BF240 for graphs. 

Min. Typ. Max. Unit 

Vdc 
30 

Vdc 
45 

Vdc 
4 

100 nAdc 

nAdc 
100 

30 

mVdc 
0.77 0.9 

Vdc 
0.15 

MHz 
300 600 

850 

pF 
0.28 

dB 
2.5 
3.5 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

Collector-Base Voltage VCBO 40 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 25 mAdc 

Total Device Dissipation @TA = 25°C PD 350 mW 
Derate above 25°C 2.8 mW/oC 

Total Device Dissipation @TC = 25°C PD 1.0 Watt 
Derate above 25°C 8.0 mW/oC 

Operating and Storage Junction TJ, Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R6JA 357 0c/w 

Thermal Resistance, Junction to Case R6JC 125 0c/w 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic . I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) V(BR)CEO 
(lc = 1 mAdc, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 !lAdc, IE = 0) 

V(BR)CBO 

Emitter-Base Breakdown Voltage 
(IE = 10 ~Adc, IC = 0) 

V(BR)EBO 

Collector Cutoff Current ICBO 
(VCB = 20 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = 1 mAdc, VCE = 10 Vdc) 

Base-Emitter On Voltage 
(IC = 1.0 mAde, VCE = 10 Vdc) 

VBE(on) 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain Bandwidth Product tr 
(lC = 1.0 mAdc, VCE = 10 Vdc, f = 100 MHz) 

Common Emitter Feedback Capacitance Cre 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse test: Pulse Width;:;; 300 ~s. Duty cycle;:;; 2.0%. 

BF240 

CASE 29-04, STYLE 21 
TO-92 (TO-226AA) 

1 Collector 

3-r?\ 
Base~ 

2 Emitter 

AM/FM TRANSISTOR 

NPN SILICON 

Min. Typ. Max. Unit 

VrJr 
40 

Vdc 
40 

Vdc 
4 

nAdc 
100 

-
65 220 

Vdc 
0.65 0.70 0.74 

MHz 
600 

pF 
0.28 0.34 
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FIGURE 1 - CURRENT GAIN-BANDWIDTH PRODUCT 
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FIGURE 5 - b2l. 
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10 200 

f: Vce- 1OV -
100 MHz ~ 

VCE = 10 V --r-

L 
1~ 

0.5 

0.2 

o 1 
2.0 

2-142 

.......-
..-------~ 

30 40 5U 6.0 

45~ 

-1 7MHz-

470 KHz 

70 BO 

100 

50 

o 
"§ 2 
E 

0 

0 

5 

2 

0.47 '045 MH 

IC, COLLECTOR CURRENT (mAl IC, COLLECTOR CURRENT (mAl 

FIGURE 9 - g22e (goal 
200 

-VCE=10V 
100 MHz 

10 0 

0 45 MHz 

r- 10.7 MHz 

0 ~ V.-= f470 KHz 
~ ~ po" 

/~ -:?" 
0 

5 

W 

2 

IC, COLLECTOR CURRENT (mAl 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 25 Vdc 

Collector-Base Voltage VCBO 30 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 
Collector Current - Continuous IC 100 mAde 

Total Device Dissipation @ TA = 25°C PD 350 mW 
Derate above 25°C 2.8 mW/oC 

Total Device Dissipation @ TC = 25°C PD 1:0 Watt 
Derate above 25°C 8.0 mW/oC 

Operating and Storage Junction TJ, Tstg - 55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 357 "CIW 

Thermal Resistance, Junction to Case R8JC 125 "CIW 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(·IC = 1.0 mAde, IB = 0) 

V(BR)CEO 

Collector-Base Breakdown Voltage 
(lc = 10 f'Adc, IE = 0) 

V(BR)CBO 

Emitter-Base Breakdown Voltage 
(IE = 10 ~dc, IC = 0) 

V(BR)EBO 

Collector Cutoff Current ICBO 
(VCB = 25 Vdc, IE = 0) 

Emitter Cutoff Current lEBO 
(VEB = 2.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lc = 1.0 mAde, VCE = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 1.0 mAde, IB = 0.1 mAde) 
(lc = 10 mAde, IB = 1.0 mAde) 

Base-Emitter Saturation Voltage VBE(sat) 
(lc = 10 mAde, IB = 1.0 mAde) 

Base-Emitter On Voltage VBE(on) 
(lc = 1.0 mAde, VCE = 10 Vdc) 
(lc = 10 mAde, VCE = 10 Vdc 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product fT 
(lc = 1.0 mAdc, VCE = 10 Vdc, f = 100 MHz) 

Common Emitter Feedback Capacitance Cre 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Collector-Base Time Constant rbCc 
(lc = 4.0 mAdc, VCE = 10 Vdc, f = 31.8 MHz) 

Noise Figure Nf 
(lc = 1.0 mAdc, VCE = 10 Vdc, f = 100 MHz, Rs = 50 ohms) 

Common-Emitter Amplifier Power Gain Gpe 
(lc = 1.0 mAdc, VCE = 10 Vdc, f = 200 MHz) 

Motorola Small-Signal Transistors. FETs and Diodes Device Data 

BF374 

CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 

" ~()'~O' 
23 2 Emitter 

VHF TRANSISTOR 

NPN SILICON 

Refer to MPSH10 for graphs. 

Min. Typ. Max. Unit 

25 Vdc 

30 Vdc 

3.0 Vdc 

100 nAdc 

100 nAdc 

70 250 

50 mVdc 
70 mVdc 

830 mVdc 

700 mVdc 
770 mVdc 

400 800 MHz 

0.55 0.6 pF 

6 ps 

4 dB 

20 dB 
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BF374 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted) 

TYPICAL ADMITTANCE PARAMETERS (lc = 1.0 mAdc, VCE = 10 Vdc, frequency as stated) 

Symbol f - 10.7 MHz 

Glle 0.28 

BIle 0.6 

G22e 6.5 

B22e 0.1 

G21e 36 

B21e - 0.8 

B12e - 52 

FIGURE 1 - INPUT ADMlnANCE 
(Output short circuit) 
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MAXIMUM RATINGS 
Rating Symbol BF BF BF Unit 

391 392 393 

Collector-Emitter Voltage VCEO 200 250 300 Vdc 

Collector-Base Voltage VCBO 200 250 300 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous IC 500 mAdc 

Total Device Dissipation @ TA = 25°C PD 625 mW 
Derate above 25°C 5.0 mW/oC 

Total Device Dissipation @ TC = 25°C PD 1.5 Watt 
Derate above 25°C 12 mW/oC 

Operating and Storage Junction TJ, Tstg - 55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 200 0c/w 

Thermal Resistance, Junction to Case R8JC 83.3 0c/w 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

COllector-Emitter Breakdown Voltage (1) 
(lC = 1.0 mAde, IB = 0) BF391 

BF392 
BF393 

Collector-Base Breakdown Voltage 
(lc = 100 I'Ade,lE = 0) BF391 

BF392 
BF393 

Emitter·Base Breakdown Voltage 
(IE = 100 !lAde, IC = 0) BF391 

BF392 
BF393 

Collector Cutoff Current 
(VCB = 160 Vde, IE = 0) BF391 
(VCB = 200 Vde, IE = 0) BF392 
(VCB = 200 Vde, IE = 0) BF393 

Emitter Cutoff Current 
(VEB = 4.0 Vde, IC = 0) BF391 
(VEB = 6.0 Vde, IC = 0) BF392 
(VEB = 6.0 Vde, IC = 0) BF393 

ON CHARACTERISTICS 

. DC Current Gain 
(lc = 1.0 mAdc, VCE = 10 Vdc) All Types 
(lc = 10 mAdc, VCE = 10 Vdc) All Types 

Collector· Emitter Saturation Voltage -(IC = 20 mAdc, IB = 2.0 mAdc) 

Base-Emitter Saturation Voltage 
(lc = 20 mA, IB = 2.0 mAl 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = 10 mAdc, VCE = 20 Vdc, f = 20 MHz) 

Common Emitter Feedback Capacitance 
(VCB = 60 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width:;; 300 1'5, Duty Cycle:;; 2.0%. 

Motorola Small-8ignal Tranosistors, FETs and Diodes Device Data 

BF391 
thru 

BF393 
CASE 29-04, STYLE 1 

TO-92 (TO-226AAI 

3 Collector 

~~ 
1 Emitter 

HIGH VOLTAGE TRANSISTORS 

NPN SILICON 

Refer to MPSA42 for graphs. 

Symbol Min. Max. Unit 

V(BR)CEO Vdc 
200 -
250 -
300 -

V(BR)CBO Vde 
200 -
250 -
300 -

V(BR)EBO Vde 
6.0 -
6.0 -
6.0 -

ICBO I'Ade 
- 0.1 
- 0.1 
- 0.1 

lEBO !lAde 
- 0.1 
- 0.1 
- 0.1 

hFE -
25 -
40 -

VCE(sat) 
2.0 

Vdc 

VBE(sat) Vdc 
2.0 

fT MHz 
50 -

Cre pF 
2.0 
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MAXIMUM RATINGS 
Rating Symbol BF BF Unit 

420 422 
Collector-Emitter Voltage VCEO 300 250 Vdc 

Collector-Base Voltage VCBO 300 250 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous IC 500 mAde 

Total Device Dissipation @TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/oC 

Total Device Dissipation @TC = 25°C Po 1.5 Watt 
Derate above 25°C 12 mW/oC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg - 55 to +150 °c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 200 0c/w 

Thermal Resistance, Junction to Case R8JC 83.3 °CIW 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(IC = 1 mAdc, IB = 0) BF420 

BF422 

Collector-Base Breakdown Voltage 
(IC = 100 !lAde, IE = 0) BF420 

BF422 

Emitter-Base Breakdown Voltage 
(IE = 100 IlAdc, IC = 0) BF420 

BF422 

Collector Cutoff Current 
(VCB = 200 Vdc, IE = 0) BF420 

BF422 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, IC = 0) BF420 

BF422 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 25 mAde, VCE = 20 Vde) BF420 

BF422 

Collector-Emitter Saturation Voltage 
(lC = 20 mAde, IB = 2.0 mAdc) 

Base-Emitter Saturation Voltage 
(IC = 20 mA, IB = 2.0 mAl 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mAde, VCE = 10 Vdc, f = 20 MHz) 

Common Emitter Feedback Capacitance 
(VCB = 30 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width;;; 300 !lS, Duty Cycle;;; 2.0%. 

BF420 
BF422 

CASE 29-04, STYLE 14 
TO-92 (TO-226AA) 

2 Collector 

~-EQ 
1 Emitter 

HIGH VOLTAGE TRANSISTORS 

NPN SILICON 

Refer to MPSA42 for graphs. 

Symbol Min. Max. Unit 

V(BR)CEO 
300 

Vdc 

250 -
V(BR)CBO 

300 
Vdc 

250 -
V(BR)EBO Vdc 

5.0 
5.0 -

ICBO !lAdc 
0.01 

-
lEBO nAdc 

100 
-

hFE -
50 -
50 -

VCE(sat) 
0.5 

Vdc 

VBE(sat) Vde 
2.0 

fT MHz 
60 -

Cre pF 
1.6 
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MAXIMUM RATINGS 
Rating Symbol BF BF 

421 423 

Collector-Emitter Voltage VCEO -300 -250 

Collector-Base Voltage VCBO -300 -250 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -500 

Total Device Dissipation @ T A = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @ TC = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R6JA 200 

Thermal Resistance, Junction to Case R6JC 63.3 

ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(lC = -1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = -100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -100 pAdc, IC = 0) 

Collector Cutoff Current 
(VCB = -200 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = -5.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = -25 mA, VCE = -20 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = - 20 mAde, IB = - 2.0 mAdc) 

Base-Emitter Saturation Voltage 
(lC = -20 mA, IB = -2.0 mAl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -10 mAdc, VCE = -10 Vdc, f = 20 MHz 

Common Emitter Feedback Capacitance 
(VCB = -30 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width'" 300 p,S, Duty Cycle'" 2.0% 

Motorola SmaU-5ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWrc 

Watt 
mWrc 

°c 

Unit 

0c/w 

0c/w 

BF421 
BF423 

BF421 
BF423 

BF421 
BF423 

BF421 
BF423 

BF421 
BF423 

BF421 
BF423 

BF421 
BF423 

CASE 29-04, STYLE 14 
TO-92 (TO-226AA) 

2 Collector 

~~ 
1 Emitter 

HIGH VOLTAGE TRANSISTORS 

PNPSILICON 

Refer to MPSA92 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
-300 -
-250 -

V(BR)CBO Vdc 
-300 -
-250 -

V(BR)EBO Vdc 
-5.0 -
-5.0 -

ICBO pAdc 
- -0.01 
- -

lEBO nAdc 
- -100 
- -

hFE -
50 -
50 -

VCE(sat) - -0.5 Vdc 

VBE(sat) - -2.0 Vdc 

fy-) 60 - MHz 

Cre - 2.8 pF 
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MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Collector Current - Continuous IC 

Total Device Dissipation @ TA = 25°C Po 
Derate above 25°C 

Total Device Dissipation @ T C = 25°C Po 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient RruA 

Thermal Resistance, Junction to Case RruC 

BF492 BF493 

-250 -300 

-250 -300 

-6.0 

-500 

625 
5.0 

1.5 
12 

-55 to +150 

Max 

200 

83.3 

Unit 
Vdc 

Vdc 

Vdc 

mAde 

mW 
mWrC 

Watt 
mWrC 

°c 

Unit 
0c/w 

0c/w 

IF492 
IF493 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

~-© 
1 Emitter 

HIGH VOLTAGE TRANSISTORS 

PNPSILICON 

Refer to MPSA92 for graphs. 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

I Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) V(BR)CEO Vdc 
(lC = -1.0 mAde, 'B = 0) BF492 -250 -

BF493 -300 -
Collector-Base Breakdown Voltage V(BR)CBO Vdc 

(lC = -100 !£Ade, IE = 0) BF492 -250 -
BF493 -300 -

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = -100 !£Ade, IC = 0) BF492 -6.0 -

BF493 -6.0 -
Collector Cutoff Current 'CBO !£Ade 

(VCB = -200 Vdc, IE = 0) BF492 - -0.1 
(VCB = - 200 Vde, 'E = 0) BF493 - -0.1 

Emitter Cutoff Current 'EBO !£Ade 
(VEB = -6.0 Vdc,IC = 0) BF492 - -0.1 
(VEB = -6.0 Vdc,IC = 0) BF493 - -0.1 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lC = -1.0mAdc,VCE = -10Vde) Both Types 25 -
(lC = -10 mAde, VCE = 10 Vde) Both Types 40 -

Collector-Emitter Saturation Voltage VCE(sat) - -2.0 Vde 
(lc = -20 mAde, IB = -2.0 mAde) 

Base-Emitter Saturation Voltage VBE(sat) - -2.0 Vdc 
(lC = -20 mA. 'B = -2.0 mAt 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 50 - MHz 
(lC = -10 mAde, VCE = -20 Vdc, f = 20 MHz) 

Common Emitter Feedback Capacitance Cre - 1.6 pF 
(VCB = -100Vdc,IE = O,f = 1.0 MHz) 

(1) Puis. Test: Puis. Width ;!i 300 ",s, Duty Cycl. ;!i 2.0%. 
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MAXIMUM RAnNGS 
Rating Symbol Valua 

Collector-Emitter Voltage VCEO -350 

Collector-Base Voltage VCBO -350 

Emitter-Base Voltage VEBO -6.0 

Collector Current - Continuous IC -500 

Total Device Dissipation @ T A = 25"C Po 625 
Derate above 25"C 5.0 

Total Device Dissipation @ TC = 25"C Po 1.5 
Derate above 25"C 12 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERlSnCS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R/IJA 200 

Thermal Resistance, Junction to Case R/lJC 83.3 

ELECTRICAL CHARACTERISncS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFf CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = -1.0 mAde,lB = 0) 

Collector-Base Breakdown Voltage 
(lC = -100 /lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -100 /lAde,lc = 0) 

Collector Cutoff Current 
(VCE = - 250 Vde) 

Emitter Cutoff Current 
(VEB = -6.0 Vde,lc = 0) 

Collector Cutoff Current 
(VCB = -250 Vde, IE = 0, TA = 25"C) 
(VCB = -250 Vde, IE = 0, TA = 100"C) 

ON CHARACTERlSnCS 

DC Current Gain 
(lC= -1.0mAde,VCE= -10Vde) 
(lC = -10 mAde, VCE = -10 Vde) 

Collector-Emitter Saturation Voltage 
(lC = -20 mAde, IB = -2.0 mAde) 

Base-Emitter On Voltage 
(lC = -20 mA, IB = -2.0 mAl 

DYNAMIC CHARACTERI8nCS 

Current-Gain - Bandwidth Product 
(lC = -10 mAde, VCE = -20 Vde, f = 20 MHz) 

Common-Emitter Feedback Capacitance 
(VCB = -100 Vde, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulsa Width", 300 ,",S, Duty Cycle", 2.0%. 

Motorola Small-Signal Transistors. FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mWrc 

Watt 
mWrc 

"C 

Unit 

"CIW 

"C/W 

BF493S 
CASE 29-04, STYLE 1 

TO-92 (TO-226AA) 

HIGH VOLTAGE TRANSISTOR 

PNP SILICON 

Refer to MPSA93 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -350 - Vde 

V(BR)CBO -350 - Vde 

V(BR)EBO -6.0 - Vde 

ICES - -10 nAde 

lEBO - 0.1 /lAde 

ICBO /lAde 
- -0.005 
- -1.0 

hFE -
25 -
40 -

VCE(sat) - -2.0 Vde 

VBE(sat) - -2.0 Vde 

Fy 50 - MHz 

Cre - 1.6 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 300 

Collector-Base Voltage VCBO 300 

Collector-Emitter Voltage VCER 300 

Emitter-Base Voltage VEBO 5.0 

Collector Current IC 100 

Total Power Dissipation up to T A = 25°C Po 1.5 

Storage Temperature Range Tstg -65 to +150 

Junction Temperature TJ 150 

DEVICE MARKING 

I DC 

THERMAL CHARACTERISTICS 

Thermal Resistance lrom Junction to Ambient" 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characterlatlc 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 1.0 mAde,lB = 0) 

Collector-Base Breakdown Voltage 

(IC = 100 jlAde, IE = 0) 

Collector-Emitter Breakdown Voltage 

(lc = 100 jlAde, RBE = 2.7 ill) 

Emitter-Base Breakdown Voltage 

(IE = 10 jlAde,lc = 0) 

Collector-Base Cutoff Current 
(VCB = 200 Vde, IE = 0) 

Collector-Emitter Cutoff Current 
(VCE = 250 Vde, RBE = 2.7 kO) 
(VCE =200Vde, RBE =2.7 ill, TJ = 150°C) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 25 mAde, VCE = 20 Vde) 

Collector-Emitter Saturation Voltage 
(lc = 30 mAde, IB = 5.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 10 mAde, VCE = 10Vde, 1=35 MHz) 

Feedback Capacitance 
(VCE = 30 Vde, IC = 0, 1 = 1.0 MHz) 

Unit 

Vde 

Vde 

Vde 

Vdc 

mAde 

Watts 

°C 

°C 

BF72OTl* 
CASE 318E·04, STYLE 1 

(TO·261AA) 

COLLECTOR 
2,4 

-'~ 3 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)CER 

V(BR)EBO 

ICBO 

ICER 

hFE 

VCE(sat) 

tr 

Cre 

3 
EMITTER 

SOT·223 PACKAGE 
NPN SILICON 
TRANSISTOR 

SURFACE MOUNT 

*This is • Motorola 
designated preferrad devica. 

Min Max 

300 -

300 -

300 -

5.0 -

- 10 

- 50 
- 10 

50 -

- 0.6 

60 -

- 1.6 

Unit 

Vde 

Vde 

Vde 

Vde 

nAdc 

nAde 
jlAde 

-

Vde 

MHz 

pF 

* Device mounted on a glass epoxy printed Circuit board 1.5751n. x 1.575 In. x 0.059 In.; mounting pad for the collector lead min. 0.93 In2, 

Rev 2 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -300 Vde 

Collector-Base Voltage VCBO -300 Vde 

Collector-Emitter Voltage VCER -300 Vde 

Emitter-Base Voltage VEBO -5.0 Vde 

Collector Current IC -100 mAde 

Total Power Dissipation up to T A = 25°C' PO" 1.5 Watts 

Storage Temperature Range Tstg -65to +150 °C 

Junction Temperature TJ 150 °C 

DEVICE MARKING 

I OF 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction to Ambient" 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = -1.0 mAdc, IB = 0) 

V(BR)CEO 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC = -100 I1Adc, IE = 0) 

Collector-Emitter Breakdown Voltage V(BR)CER 
(IC = - 100 I1Adc, RBE = 2.7 kO) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10 !lAde, IC = 0) 

Collector-Base Cutoff Current ICBO 
(VCB = - 200 Vde, IE = 0) 

Collector-Emitter Cutoff Current ICER 

(VCE =-250 Vdc, RBE =2.7 kO) 

(VCE =-200Vde, RBE=2.7 kO, TJ = 150°C) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(VCE = - 25 mAdc, VCE = - 20 Vde) 

Collector-Emitter Saturation Voltage 
(IC = - 30 mAdc, IB = - 5.0 mAde) 

VCE(sat) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product t,-
(VCE = -10 Vde, IC = -10 mAde, f = 35 MHz) 

Feedback Capacitance Cre 
(VCE =-30 Vde,lc =0, f= 1.0 MHz) 

* DEMCe mounted on a glass epoxy printed Circuit board 1.575 In. x 1.575 Ln. x 0.059 In.; mounting pad for the co/Iector/ead mm. 0.93 102. 

Rev 3 
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BF721Tl* 
CASE 318E-04, STYLE 1 

(TO-261AA) 

COLLECTOR 

3 
EMITTER 

SOT-223 PACKAGE 
PNP SILICON 
TRANSISTOR 

SURFACE MOUNT 

* This is a Motorola 
designated preferred device. 

Min Max 

-300 -

-300 -
-

-300 -

-5.0 -

- -10 

- -50 
- -10 

50 -

- -0.8 

60 -

- 1.6 

Unit 

Vdc 

Vde 

Vdc 

Vdc 

nAde 

nAdc 

I1Adc 

-

Vde 

MHz 

pF 
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MAXIMUM RATINGS 
RatIng Symbol Value 

Collector-Emitter Voltage VCEO 400 

Collector-Base Voltage VCBO 450 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous IC 300 

Total Device Dissipation @ TA = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @ TC = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8.JA 200 

Thermal Resistance, Junction to Case R8.JC 83.3 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lc = 1.0 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(lC = 100 !lAde, VBE = 0) 

Collector-Base Breakdown Voltage 
(lc = 100 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 !lAde, IC = 0) 

Collector Cutoff Cu rrent 
(VCB = 400 Vde, IE = 0) 

Collector Cutoff Current 
(VCE = 400 Vde, VBE = 0) 

Emitter Cutoff Current 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 
(lC = 1.0 mAde, VCE = 10 Vde) 
(lC = 10 mAde, VCE = 10 Vde) 
(lC = 50 mAde, VCE = 10 Vde) 
(lC = 100 mAde, VCE = 10 Vde) 

Collector-Emitter Saturation Voltage (1) 
(lC = 1.0 mAde, IB = 0.1 mAde) 
(lC = 10 mAde, IB = 1.0 mAde) 
(lC = 50 mAde, IB = 5.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

(1) Puis. Test: Pulse Width ;a 300 p.s, Duty Cycle ;a 2.0%. 

Unit 
Vde 

Vde 

Vde 

mAde 

mW 
mWrC 

Watt 
mWrC 

'c 

Unit 

'CIW 

'CIW 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

ICBO 

ICES 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

BF844 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

1 Emitter 

HIGH VOLTAGE 
TRANSISTOR 

NPNSIUCON 

Refer to MPSA44 for graphs. 

Min Max Unit 

400 - Vde 

450 - Vde 

450 - Vde 

6.0 - Vde 

- 0.1 !lAde 

- 500 nAde 

- 0.1 !lAde 

-
40 -
50 200 
45 -
20 -

Vde 
- 0.4 
- 0.5 
- 0.75 

- 0.75 Vde 
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ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

I Characteristic I Symbol Min Max 

DYNAMIC CHARACTERISTICS 

High Frequency Current Gain 
(lc = 10 mAde, VCE = 10 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(VCB = 20 Vde, IE = 0, t = 1.0 MHz) 

Emitter-Base Capacitance 
(VEB = 0.5 Vde, IC = 0, t = 1.0 MHz) 

Turn-On Time 
(VCC = 150 Vde, VBE(oft) = 4.0 V, 
IC = 30 mAde, IB1 = 3.0 mAde) 

Turn-Off TIme 
(VCC = 150 Vde, IC = 30 mAde, IB1 = IB2 = 3.0 mAde) 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 20 Vdc 

Collector-Base Voltage VCBO 30 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous IC 100 mAdc 

Total Device Dissipation @TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/oC 

Total Device Dissipation @TC = 25°C Po 1.5 Watt 
Derate above 25°C 12 mW/oC 

Operating and Storage Junction TJ, Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 200 'c/w 

Thermal Resistance, Junction to Case R8JC 83.3 'crw 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(lc = 1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage 
(lc = 10 ~Adc, IE = 0) 

V(BR)CBO 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 ~Adc, IC = 0) 

Collector Cutoll Current ICBO 
(VCB = 20 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lc = 5 mAdc, VCE = 10 Vdc) 
(IC = 20 mAde, VCE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 30 mAde, IB = 2.0 mAdc) 

VCE(sat) 

Base-Emitter Saturation Voltage VBE(sat) 
(lc = 30 mAde, IB = 2.0 mAd c) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product It 
(lc = 20 mAde, VCE = 10 Vdc, I = 100 MHz) 
(lC = 30 mAde, VCE = 10 Vdc, I = 100 MHz) 

Common Emitter Feedback Capacitance Cre 
(VCB = 10 Vdc, PI = 0, I = 10 MHz) 

Noise Figure NI 
(lc = 4 rnA, VCE = 10 V, Rs = 50 n, I = 200 MHz) 

BF959 
CASE 29-04, STYLE 21 

TO-92 (TO-226AA) 

1 Collector 

~-© 
2 Emitter 

VHF TRANSISTOR 

NPN SILICON 

Min. Typ. Max. Unit 

Vdc 
20 - -

Vdc 
30 - -

Vdc 
3.0 - -

nAdc 
- - 100 

35 - -
40 - -

Vdc 
- - 1.0 

Vdc 
- - 1 

MHz 
700 - -
600 - -

pF 
- 0.65' -

dB 
- 3 -
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FIGURE 1 - Hf. AT 10 V 
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FIGURE 2 - VCE Sat AT ICIIB = 10 

./' 
", 

"........ 

2 3 4 5 10 20 30 40S0mA 

FIGURE 4 - CAPACITANCES 

r-. -- I--
............. ib 

r--
c::--- ~ 

r-- Cob 
r--

r-. -- Cr. 

2 3 4 5 10 20 v 

FIGURE 6 - OUTPUT IMPEDANCE AT 30 MHa 

~ 1/922 • 

VeE = 10V V 
/ 

/ 

/ 
V 

2 3 4 5 10 W 30 mA 

2-155 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO -300 

Collector-Base Voltage VCBO -350 

Emitter-Base Voltage VEBO -6.0 

Collector Current IC -1000 

Base Current IB -500 

Total Power Dissipation, TA = 25°C" PO" 1.5 

Storage Temperature Range Tstg - 65 to +150 

Junction Temperature TJ 150 

DEVICE MARKING 

I BT2 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction to Ambient" 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC =-50 mAde,IB= 0, L= 25 mH) 

Collector-Base Breakdown Voltage 

(IC = - 100 !lAde, IE = 0) 

Collector-Emitter Cutoff Current 
(VCE = - 250 Vde, IB = 0) 

Collector-Base Cutoff Current 
(VCB = - 280 Vde, IE = 0) 

Emitter-Base Cutoff Current 
(VEB = - 6.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(VCE =-10Vde, IC =-50 mAde) 

Collector-Emitter Saturation Voltage 
(lc = - 50 mAde, IB = - 5.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-'lain - Bandwidth Product 
(VCE = -10 Vde, IC = -10 mAde, f = 30 MHz) 

Collector-Base Capacitance 
(VCB =-10Vde,IE = 0, f= 1.0 MHz) 

Unit 

Vde 

Vde 

Vde 

mAde 

mAde 

Watts 

°C 

°C 

BSPl6Tl * 
CASE 318E-04, STYLE 1 

(TO-261AAI 

COLLECTOR 
2,4 

-,~,. 

Symbol 

V(BR)CEO 

V(BR)CBO 

ICES 

ICBO 

lEBO 

hFE 

VCE(sat) 

fr 

Cobo 

3 
EMITIER 

SOT-223 PACKAGE 
PNP SILICON 

HIGH VOLTAGE TRANSISTOR 
SURFACE MOUNT 

*This is a Motorola 
designated preferred devica. 

Min Max 

-300 -

-300 -

- -50 

- -1.0 

- -20 

30 120 

- -2.0 

15 -

- 15 

Unit 

Vde 

Vde 

!lAde 

!lAde 

!lAde 

-

Vde 

MHz 

pF 

.. DeVICe mounted on a glass epoxy pnnted circuit board 1.575 in. x 1.575 in. x 0.059 in.; mounting pad for the collectof lead min. 0.93 in2. 

Rev 2 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

NPN Silicon 
Epitaxial Transistors 

This family of NPN Silicon Epitaxial transistors is designed for use as a 
general purpose amplifier and in switching applications. The device is housed in 
the SOT-223 package which is designed for medium power surface mount 
applications. 

• High Voltage: V(BR)CEO of 250 and 350 Volts 

• The SOT-223 Package can be soldered using wave or reflow. 

• SOT-223 package ensures level mounting, resulting in improved thermal 
conduction, and allows visual inspection of soldered jOints. The formed 
leads absorb thermal stress during soldering, eliminating the possibility of 
damage to the die 

• Available in 12 mm Tape and Reel CO~UECTOR 2, 4 
T1 Configuration - 7 inchl1000 unit reel. 
T3 Configuration - 13 inchl4000 unit reel. B~E 

• PNP Complement is the BSP16T1 

EMITIER3 

MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 

Rating Symbol BSP19A 

Collector-Emitter Voltage (Open Base) VCEO 350 

Collector-Base Voltage (Open Emitter) VCBO 400 

Emitter-Base Voltage (Open Collector) VEBO 

Collector Current (DC) IC 

Total Power Dissipation @ TA = 25°C(1) Po 
Derate above 25°C 

5.0 

BSP19AT1 
BSP20AT1 

Motorola Preferred Devlcee 

SOT-223 PACKAGE 
NPNSILICON 

HIGH VOLTAGE 
TRANSISTORS 

SURFACE MOUNT 

CASE 318E-04, STYLE 1 
TG-261AA 

BSP20A Unit 

250 Vdc 

300 Vdc 

Vdc 

1000 mAdc 

0.8 Watts 
6.4 mW/oC 

Storage Temperature Range Tstg -65 to 150 °c 

Junction Temperature TJ 150 °C 

DEVICE MARKING 

I SP19A 

SP20A 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction-to-Ambient RaJA 156 °CIW 

Maximum Temperature for Soldering Purposes TL 260 °c 
lime in Solder Bath 10 Sec 

1. Device mounted on a FR-4 glass epoxy printed circuit board using minimum recommended footprint. 

Preferred devices are Motorola recommended choices for futUre use and best overall value. 

Rev! 
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BSP19AT1 BSP20AT1 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

I Characteristics Symbol Min Max Un" 
OFF CHARACTERIST1CS 

Collector-Emitter Sreakdown Voltage SSP19A V(SR)CEO 350 - Vde 
(IC = 1.0 mAde, IS = 0) SSP20A 250 -

Collector-Sase Cutoff Current ICSO nAde 
(VCS = 400 Vde, IE = 0) SSP19A - 20 
(VCS = 300 Vde, IE = 0) SSP20A - 20 

Emitter-Sase Cutoff Current lEBO - 10 llAde 
(VSE = 5.0 Vde, IC = 0) 

ON CHARACTERIST1CS (2) 

DC Current Gain hFE 40 - -
(lc = 20 mAde, VCE = 10 Vde) 

Current Gain - Bandwidth Product IT 70 - MHz 
(IC = 10 mAde, VCE = 10 Vdc, f = 5.0 MHz) 

Collector-Emitter Saturation Voltage. 
(lc = 50 mAde, IS = 4.0 mAde) 

VCE(sat) - 0.5 Vdc 

Sase-Emitter Saturation Voltage VSE(sat) - 1.3 Vde 
(IC = 50 mAde, IS = 4.0 mAde) 

2. Pulse Test: Pulse Widlh S 300 11S, Duty Cycle = 2.0%. 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

NPN Small·Signal 
Darlington Transistor 

This NPN small signal darlington transistor is designed for use in switching 
applications, such as print hammer, relay, solenoid and lamp drivers. The 
device is housed in the SOT-223 package, which is designed for medium power 
surface mount applications. 

• The SOT-223 Package can be soldered using wave or reflow. The formed 
leads absorb thermal stress during soldering, eliminating the possibility of 
damage to the die 

• Available in 12 mm Tape and Reel 
Use BSP52T1 to order the 7 inch/1000 unit reel. 
Use BSP52T3 to order the 13 inch/4000 unit reel. 

• PNP Complement is BSP62T1 

MAXIMUM RATINGS (T C = 25'C unless otherwise noted) 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter·Base Voltage 

Collector Current 

Total Power Dissipation @ TA = 25'C(1) 
Derate above 25'C 

Operating and Storage Temperature Range 

DEVICE MARKING 

I AS3 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-to-Ambient (surface mounted) 

Maximum Temperature for Soldering Purposes 
TIme in Solder Bath 

COUECTOR 2, 4 

~ 
EMITTER 3 

Symbol 

VCES 

VCBO 

VEBO 

IC 

Po 

TJ, Tstg 

R9JA 

TL 

BSP52T1 
Motorola P..". ..... Devlce 

MEDIUM POWER 
NPNSILICON 
DARLINGTON 
TRANSISTOR 

SURFACE MOUNT 

CASE 318E-04, STYLE 1 
TO-261AA 

Value Unit 

80 Vdc 

90 Vdc 

5 Vdc 

500 mAdc 

0.8 Watts 
6.4 mWI'C 

-6510 150 'C 

156 'CIW 

260 'C 
10 Sec 

.. 1. Device mounted on a FR-4 glass epoxy pnnted Circuit board uSing minimum recommended footpnnt. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 1 
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BSP52T1 

ELECTRICAL CHARACTERISTICS (TA = 2S0C unless otherwise noted) 

I Characteristics Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage V(BR)CBO 90 - Vde 
(IC = 100 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO S.O - Vde 
(IE = 10 !lAde, IC = 0) 

Collector-Emiller Cutoff Current ICES - 10 !lAde 
(VCE = 80 Vde, VBE = 0) 

Emitter-Base Cutoff Current lEBO - 10 !lAde 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS (2) 

DC Current Gain hFE -
(IC = 150 mAde, VCE = 10 Vde) 1000 -
(IC = SOO mAde, VCE = 10 Vde) 2000 -

Collector-Emitter Saturation Voltage VCE(sat) - 1.3 Vde 
(IC = SOO mAde, IB = O.S mAde) 

Base-Emitter On Voltage 
(IC = 500 mAde, Ie = 0.5 mAde) 

VeE(sat) - 1.9 Vde 

2. Pulse Test: Pulse Width ~ 300 lIS, Duty Cycle ~ 2.0%. 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

PNP Small-Signal 
Darlington Transistor 

This PNP small signal darlington transistor is designed for use in switching 
applications, such as print hammer, relay, solenoid and lamp drivers. The 
device is housed in the SOT-223 package, which is designed for medium 
power surface mount applications. 

• The SOT-223 Package can be soldered using wave or reflow. The formed 
leads absorb thermal stress during soldering, eliminating the possibility of 
damage to the die 

• Available in 12 mm Tape and Reel 
Use BSP62T1 to order the 7 inchl1000 unit reel. 
Use BSP62T3 to order the 13 inchl4000 unit reel. 

COLLECTOR 2, 4 

• NPN Complement is BSP52T1 ~-@{ 
EMnTER3 

MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 

Rating Symbol 

Collector-Emitter Voltage VCES 

Collector-Base Vollage VCBO 

Emitter-Base Voltage VEBO 

Collector Current IC 

Total Power Dissipation @ TA = 25°C(1) PD 
Derate above 25°C 

Operating and Storage Temperature Range TJ, Tstg 

DEVICE MARKING 

I BS3 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-to-Ambient (surface mounted) ROJA 

Maximum Temperature for Soldering Purposes TL 
Time in Solder Bath 

BSP62T1 
Motorola Preferred DevIce 

MEDIUM POWER 
PNPSILICON 
DARLINGTON 
TRANSISTOR 

SURFACE MOUNT 

CASE 318E-04, STYLE 1 
TO-261AA 

Value Unit 

80 Vdc 

90 Vdc 

5 Vdc 

500 mAdc 

1.5 Watts 
12 mW/"C 

-65 to 150 OC 

83.3 °CIW 

260 °C 
10 Sec 

1. DevICe mounted on a FR-4 glass epoxy pnnted Clrcutt board 1.575 In. x 1.575 In. x 0.0625 In.; mounting pad for the collector lead = 0.93 sq. In. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 2 
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BSP62T1 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristics Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 
(IC = 100 IlAde, IE = 0) 

V(BR)CBO 90 - Vde 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vde 
(IE = 10 IlAde, IC = 0) 

Collector-Emitter Cutoff Current ICBO - 10 IIAdc 
(VCE = 80 Vde, VBE = 0) 

Emitter-Base Cutoff Current lEBO - 10 IlAde 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS (2) 

DC Current Gain hFE -
(IC = 150 mAde, VCE = 10 Vde) 1000 -
(IC = 500 mAde, VCE = 10 Vde) 2000 -

Collector-Emitter Saturation Voltage 
(IC = 500 mAde, IB = 0.5 mAde) 

VCE(sat) - 1.3 Vde 

Base-Emitter On Voltage 
(IC = 500 mAde, IB = 0.5 mAde) 

VBE(sat) - 1.9 Vde 

2. Pulse Test: Pulse Width ,;; 300 118, Duty Cycle s 2. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -100 Vde 

Collector-Emitter Voltage VCER -110 Vde 
RBE = 10 kG 

Collector Current - Continuous IC -100 mAde 

THERMAL CHARACTERISITCS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board, * PD 225 mW 
TA = 25'C 
Derate above 25'C 1.8 mWf'C 

Thermal Resistance, Junction to Ambient R8JA 556 'c/w 

Total Device Dissipation Po 300 mW 
Alumina Substrate, ** TA = 25'C 
Derate above 25'C 2.4 mWf'C 

Thermal Resistance, Junction to Ambient R8JA 417 'c/w 

Junction and Storage Temperature TJ, Tsta -55 to +150 'c 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
** Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
BSS63LTI = T1 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERIS11CS 

Collector-Emitter Breakdown Voltage 
(lC = -100 pAde) 

Collector-Emitter Breakdown Voltage 
(lC = -10 pAde, IE = 0, RBE = 10 kG) 

Collector-Base Breakdown Voltage 
(IE = -10 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -10 pAde) 

Collector Cutoff Current 
(VCB = -90 Vde, IE = 0) 

Collector Cutoff Current 
(VCE = -110Vde,RBE = 10 kG) 

Emitter Cutoff Current 
(VEB = -6.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -10 mAde, VCE = -1.0 Vde) 
(lC = -25 mAde, VCE = -1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = -25 mAde, IB = -2.5 mAde) 

Base-Emitter Saturation Voltage 
(lC = -25 mAde, IB = -2.5 mAde) 

SMALL-SIGNAL CHARACTERISllCS 

Current-Gain Bandwidth Product 
(lC = -25 mAde, VCE = -5.0 Vde, f = 20 MHz) 

Case Capacitance 
(IE = IC = 0, VCB = -10 Vde, f = 1.0 MHz) 

Symbol 

V(BR)CEO 

V(BR)CER 

V(BR)CBO 

V(BR)EBO 

ICBO 

ICER 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

tr 

Cc 

BSS63LTl 
CASE 318-07, STYLE 6 

SOT -23 (TO-236AB) 

3 Collector 

,~' ~-© 
2 Emitter 

HIGH VOLTAGE TRANSISTOR 

PNPSIUCON 

Min Typ Max Unit 

-100 - - Vde 

-110 - - Vde 

-110 - - Vde 

-6.0 - - Vde 

- - -100 nAde 

- - -10 pAde 

- - -200 nAde 

-
30 - -
30 - -
- - -250 mVde 

- - -900 mVde 

50 95 - MHz 

- - 5.0 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 80 

Collector-Base Voltage VCBO 120 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous lC 100 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Total Device Dissipation Po 300 
Alumina Substrate. ** T A = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ. Tstll -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BSS64L T1 = AM 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

Off CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc = 4.0mA) 

Collector-Base Breakdown Voltage 
(lC = 100pA) 

Emitter-Base Breakdown Voltage 
(IE = 100pA) 

Collector Cutoff Current 
(VCE = 90 V) 
(TA = 150°C) 

Emitter Cutoff Current 
(VEB = 4.0V) 

ON CHARACTERISTICS 

DC Current Gain 
(VCE = 1.0 V.1C = 10 rnA) 

Collector-Emitter Saturation Voltage 
(lc = 4.0 rnA, lB = 400 pAl 
(lC = 50 rnA. lB = 15 rnA) 

Forward Base-Emitter Voltage 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = 4.0 rnA. VCE = 10 V. f = 20 MHz) 

Output Capacitance 
(VCB = 10 V, f = 1.0 MHz) 

Motorola Small-Signal Transistors. FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mA 

Unit 

mW 

mWrc 

0c/w 

mW 

mWrC 

°CIW 

°C 

BSS64LTl 
CASE 318-07, STYLE 6 

SOT -23 (TO-236AB) 

3 Collector 

,~' ~-© 
2 Emitter 

DRIVER TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 80 - Vdc 

V(BR)CBO 120 - Vdc 

V(BR)EBO 5.0 - Vdc 

lCBO pA 
- 0.1 
- 500 

lEBO - 200 nA 

hFE 20 - -

VCE(sat) Vdc 
- 0.15 
- 0.2 

VBE(sat) - - -

tr 60 - MHz 

Cob - 5.0 pF 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO 12 

Collector-Base Voltage VCBO 20 

Collector Current - Continuous IC 100 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board, * Po 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Total Device Dissipation Po 300 
Alumina Substrate, ** T A = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, Tst!l -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 In. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
I BSV52LT1 = B2 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc = 1.0' mAde) 

Collector Cutoff Current 
(VCB = 10 Vde, IE = 0) 
(VCB = 10 Vde, IE = 0, TA = 125°C) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.0 mAde, VCE = 1.0 Vde) 
(lC = 10 mAde, VCE = 1.0 Vde) 
(lC = 50 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 300 pAde) 
(lC = 10 mAde, IB = 1.0 mAde) 
(lC = 50 mAde, IB = 5.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 
(IC = 50 mAde, IB = 5.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = 10 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 1.0 Vde, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time 
(lc = IBI = IB2 = 10 mAde) 

Turn-On Time 
(VBE = 1.5 Vde,lc = 10 mAde, IB = 3.0 mAde) 

Turn-Off TIme 
(lC = 10 mAde, IB = 3.0 mAde) 

Unit 

Vde 

Vde 

mAde 

Unit 

mW 

mWrC 

0c/w 

mW 

mWrC 

°CIW 

°C 

BSV52LTI 
CASE 318-07, STYLE 6 

SOT-23 (TO-236ABI 

3 Collector 

,~' ~-@ 
2 Emitter 

SWITCHING TRANSISTOR 

NPNSILICON 

Symbol Min Max Unit 

V(BR)CEO 12 - Vde 

ICBO nAde 
- 100 pAde 
- 5.0 

hFE -
25 -
40 120 
25 -

VCE(sat) mVdc 
- 300 
- 250 
- 400 

VBE(sat) mVde 
700 850 
- 1200 

for 400 - MHz 

Cobo - 4.0 pF 

Cibo - 4.5 pF 

ts - 13 ns 

ton - 12 ns 

toff - 18 ns 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO -35 

Collector-Base Voltage VCBO -40 

Emitter-Base Voltage VEBO -25 

Collector Current - Continuous IC -150 

THERMAL CHARACTERISITCS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance, Junction to Ambient R9JA 556 

Total Device Dissipation Po 300 
Alumina Substrate," TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance, Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, Tstll -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 In. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
MMBT404ALTl = 2N 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = -10 mAdc,lB = 0) 

Collector-Emitter Breakdown Voltage 
(lC = -10 /LAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -10 !LAde, IC = 0) 

Collector Cutoff Current 
(VCB = -10 Vde, 'E = 0) 

Emitter Cutoff Current 
(VEB = -10 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -12mAde,VCE = -0.15Vde) 

Collector-Emitter Saturation Voltage 
(lc = -12 mAde, IB = -0.4 mAde) 
(lC = -24 mAde,lB = -1.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = -12 mAde,lB = -0.4 mAde) 
(lC = -24 mAde,lB = -1.0 mAde) 

SMALL-5IGNAL CHARACTERISTICS 

Output Capacitance 
(VCB = -6.0 Vdc, IE = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time 
(VCC= -10Vde,lc= -10 mAde) (Figure 1) 

Rise Time 
(lBl = -1.0 mAde, VBE(off) = -14 Vdc) 

Storage Time 
(VCC = -10 Vdc, IC = -10 mAde) 

Fall Time 
(lBl = 'B2 = -1.0 mAde) (Figure 1) 

Motoro)a Small-8ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Unit 

mW 

mWI'C 

'CIW 

mW 

mWI'C 

'CIW 

'c 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

'CBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

td 

tr 

ts 

tf 

MMBT404ALTl* 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector '.' .() 2 2 Emitter 

CHOPPER TRANSISTOR 

PNPSIUCON 

*This is a Motorola 
dasignated preferred device. 

Min Typ Max 

-35 - -

-40 - -
-25 - -

- - -100 

- - -100 

-
100 400 

- - -0.15 
- - -0.20 

- - -0.85 
- - -1.0 

- 43 -

- 180 -

- 675 -

- 160 -

Unit 

Vde 

Vde 

Vde 

nAde 

nAdc 

-

Vdc 

Vde 

ns 

ns 

ns 

ns 

2-167 



MMBT404ALT1 

2-168 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

Vin~ 

151 

ton. td. tr 

toff. ts and tf 

VBB Vee = -10 V 

RBB 
1.0 k 

Vin 
(Volts) 

- 12 

+20.6 

To Scope 

VBB 
(Volts) 

+1.4 

-11.6 

Voltages and resistor values shown are 
for Ie = 10 rnA, lellB = 10 and IB1 = IB2 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 15 

Collector-Base Voltage VCBO 30 

Emitter-Base Voltage VEBO 3.0 

Collector Current - Continuous IC 50 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient RtlJA 556 

Total Device Dissipation Po 300 
Alumina Substrate, ** T A = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient RtlJA 417 

Junction and Storage Temperature TJ, Tstg -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
""Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT918LTl = M3B 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 3.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 1.0 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAdc, IC = 0) 

Collector Cutoff Cu rrent 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 3.0 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 4.0 mAde, VCE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(VCB = 0 Vde, IE = 0, f = 1.0 MHz) 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) 

Noise Figure 
(lC = 1.0 mAde, VCE = 6.0 Vde, RS = 50 0, 
f = 60 MHz) (Figure 1) 

Power Output 
(lC = 8.0 mAde, VCB = 15 Vde, f = 500 MHz) 

Common-Emitter Amplifier Power Gain 
(lC = 6.0 mAde, VCB = 12 Vde, f = 200 MHz) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Unit 

mW 

mWrC 
0c/w 

mW 

mWrC 

°CIW 

°C 

MMBT918LTl 
CASE 318-07, STYLE 6 

SOT-23 (TO-236AB) 

3 Collector 

,~' ~-E?) 
2 Emitter 

VHF/UHF TRANSISTOR 

NPNSILICON 

Symbol Min Max Unit 

V(BR)CEO 15 - Vde 

V(BR)CBO 30 - Vde 

V(BR)EBO 3.0 - Vde 

ICBO - 50 nAde 

hFE 20 - -

VCE(sat) - 0.4 Vde 

VBE(sat) - 1.0 Vde 

tr 600 - MHz 

Cobo pF 
- 3.0 
- 1.7 

Cibo - 2.0 pF 

NF - 6.0 dB 

Pout 30 - mW 

Gpe 11 - dB 
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MMBT918LT1 

2-170 

FIGURE 1 - NF, Gpe MEASUREMENT CIRCUIT 20-200 

Vee Vee 

) ( 1000 pF Bypass 

C 
0.018 tJ.F 

0--...... -1 

G 50n 

10.018 tJ.F 

NF Test Conditions 
IC = 1.0 rnA 
VCE = 6.0 Volts 
Rs = 50n 
f = 60 MHz 

Gpe Test Conditions 
IC = 6.0 rnA 
VCE = 12 Volts 
f = 200 MHz 
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MAXIMUM RATINGS 
Rating Symbol MMBT2222 MMBT2222A Unit 

Collector-Emitter Voltage VCEO 30 40 Vde 

Collector-Base Voltage VCBO 60 75 Vde 

Emitter-Base Voltage VEBO 5.0 6.0 Vde 

Collector Current - Continuous IC 600 mAde 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA = 25"C 
Derate above 25'C 1.8 mWrC 

Thermal Resistance Junction to Ambient R8JA 556 'c/w 

Total Device Dissipation Po 300 mW 
Alumina Substrate, ** TA = 25'C 
Derate above 25'C 2.4 mWrC 

Thermal Resistance Junction to Ambient R8JA 417 'CIW 

Junction and Storage Temperature TJ, Tst!! -55to+150 "C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
I MMBT2222LT1 = M1B; MMBT2222ALTI = lP 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 10 mAde, IB = 0) MMBT2222 

MMBT2222A 

Collector-Base Breakdown Voltage 
(lC = 10 ,JAde, IE = 0) MMBT2222 

MMBT2222A 

Emitter-Base Breakdown Voltage 
(IE = 10,JAde, IC = 0) MMBT2222 

MMBT2222A 

Collector Cutoff Current 
(VCE = 60 Vde, VEB(off) = 3.0 Vde) MMBT2222A 

Collector Cutoff Current 
(VCB = 50 Vde, IE = 0) MMBT2222 
(VCB = 60 Vde, IE = 0) MMBT2222A 
(VCB = 50 Vde, IE = 0, TA = 125'C) MMBT2222 
(VCB = 50 Vde, IE = 0, TA = 125'C) MMBT2222A 

Emitter Cutoff Current 
(VEB = 3.0 Vde, IC = 0) MMBT2222A 

Base Cutoff Current 
(VCE = 60 Vde, VEB(offl = 3.0 Vde) MMBT2222A 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 0.1 mAde, VCE = 10 Vde) 
(lc = 1.0 mAde, VCE = 10 Vde) 
(lc = 10 mAde, VCE = 10 Vde) 
(lc = 10 mAde, VCE = 10 Vde, TA = -55'C) MMBT2222A only 
(lc = 150 mAde, VCE = 10 Vde)(l) 
(lc = 150 mAde, VCE = 1.0 Vde)(l) 
(lc = 500 mAde, VCE = 10 Vde)(l) MMBT2222 

MMBT2222A 

Collector-Emitter Saturation Voltage(l) 
(IC = 150 mAde, IB = 15 mAde) MMBT2222 

MMBT2222A 

(lC = 500 mAde, IB = 50 mAde) MMBT2222 
MMBT2222A 

Note: "LT1" must be used when ordering SOT-23 devices. 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

MMBT2222LTI 
MMBT2222ALTI * 

CASE 318-07, STYLE 6 
SOT-23 (TO-236A8) 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

ICBO 

lEBO 

IBL 

hFE 

VCE(sat) 

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPNSILICON 

*Thls is a Motorola 
designated preferred device. 

Refer to MPS2222 for graphs. 

Min Max 

30 -
40 -

60 -
75 -

5.0 -
6.0 -

- 10 

- 0.01 
- 0.01 
- 10 
- 10 

- 100 

- 20 

35 -
50 -
75 -
35 -
100 300 
50 -
30 -
40 -

- 0.4 
- 0.3 

- 1.6 
- 1.0 

Unit 

Vde 

Vde 

Vde 

nAde 

,JAde 

nAde 

nAde 

-

Vde 
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MMBT2222LT1 MMBT2222ALT1 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25"<: unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Base-Emitter Saturation Voltage(1) VBE(sat) Vde 
(lC = 150 mAde, IB = 15 mAde) MMBT2222 - 1.3 

MMBT2222A 0.6 1.2 

(lC = 500 mAde, IB = 50 mAde) MMBT2222 - 2.6 
MMBT2222A - 2.0 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) fT MHz 
(lC = 20 mAde, VCE = 20 Vde, f = 100 MHz) MMBT2222 250 -

MMBT2222A 300 -
Output Capacitance Cobo - 8.0 pF 

(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo pF 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) MMBT2222 - 30 

MMBT2222A - 25 

Input Impedance hie kO 
(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) MMBT2222A 2.0 8.0 
(lC = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) MMBT2222A 0.25 1.25 

Voltage Feedback Ratio hre X 10-4 
(lC =.1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) MMBT2222A - 8.0 
(lC = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) MMBT2222A - 4.0 

Small-Signal Current Gain hfe -
(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) MMBT2222A 50 300 
(lC = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) MMBT2222A 75 375 

Output Admittance hoe I£mhos 
(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) MMBT2222A 5.0 35 
(lC = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) MMBT2222A 25 200 

Collector Base Time Constant rb'Ce - 150 ps 
(IE = 20 mAde, VCB = 20 Vde, f = 31.8 MHz) MMBT2222A 

Noise Figure NF - 4.0 dB 
(lC = 100 I£Ade, VCE = 10 Vde, RS = 1.0 kn, f = 1.0 kHz) MMBT2222A 

SWITCHING CHARACTERISTICS MMBT2222A only 

Delay Time (VCC = 30 Vde, VBE(off) = -0.5 Vde, td - 10 ns 

Rise Time IC = 150 mAde, IBl = 15 mAde) tr - 25 ns 

Storage Time (VCC = 30 Vde, IC = 150 mAde, ts - 225 ns 

Fall Time IBl = IB2 = 15 mAde) tf - 60 ns 

(1) Pulse Test: Pulse Width .. 300 !£S, Duty Cycle .. 2.0%. 
(2) fT is defined as the frequency at which Ihfel extrapolates to unity. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 15 Vde 

Collector-Emitter Voltage VCES 40 Vde 

Collector-Base Voltage VCBO 40 Vde 

Emitter-Base Voltage VEBO 4.5 Vde 

Collector Current - Continuous IC 200 mAde 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' Po 225 mW 
TA = 25"C 
Derate above 25"C 1.8 mWrc 

Thermal Resistance Junction to Ambient R8JA 556 "C/W 

Total Device Dissipation Po 300 mW 
Alumina Substrate," TA = 25"C 
Derate above 25"C 2.4 mWrC 

Thermal Resistance Junction to Ambient R8JA 417 "C/W 

Junction and Storage Temperature TJ, Tstg -55to +150 "C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
'*Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBT2369LT1 = M1J MMBT2369ALTl = lJA 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTlCS 

Collector-Emitter Breakdown Vollage (1) V(BR)CEO 
(lC = 10 mAde, 'B = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(lC = 10 pAde, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = 10 pAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current 'CBO 
NCB = 20 Vde, 'E = 0) 
(VCB = 20 Vde, 'E = 0, TA = 15O"C) 

Collector Cutoff Current 'CES 
(VCE = 20 Vde, VBE = 0) MMBT2369A 

ON CHARACTERISTlCS 

DC Current Gain(l) hFE 
(IC = 10 mAde, VCE = 1.0 Vde) MMBT2369 
(lc = 10 mAde, VCE = 1.0 Vde) MMBT2369A 
(lC = 10 mAde, VCE = 0.35 Vde) MMBT2369A 
(lC = 10 mAde, VCE = 0.35 Vde, TA = -55"C) MMBT2369A 
(lC = 30 mAde, VCE = 0.4 Vde) MMBT2369A 
(lC = 100 mAde, VCE = 2.0 Vde) MMBT2369 
(lC = 100 mAde, VCE = 1.0 Vdc) MMBT2369A 

Collector-Emitter Saturation Voltage(l) VCE(sat) 
(lC = 10 mAde, 'B = 1.0 mAde) MMBT2369 
(lC = 10 mAde,lB = 1.0 mAde) MMBT2369A 
(lC = 10 mAde,lB = 1.0 mAde, TA = +125"C) MMBT2369A 
(lC = 30 mAde, 'B = 3.0 mAde) MMBT2369A 
(lC = 100 mAde,lB = 10 mAde) MMBT2369A 

Base-Emitter Saturation Voltage(l) VBE(sat) 
(lC = 10 mAde, 'B = 1.0 mAde) MMBT2369,A 
(lC = 10 mAde,lB = 1.0 mAde, TA = -55"C) MMBT2369A 
(lc = 30 mAde, IB = 3.0 mAde) MMBT2369A 
(lC = 100 mAde, IB = 10 mAde) MMBT2369A 

Motoro)a Small-5ignal Transistors, FETs and Diodes Device Data 

MMBT2369LTl 
MMBT2369ALTl * 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

.3 .L?\ • 

3 Colloctor 

1 2 B~S~~ 
2 Emitter 

SWITCHING TRANSISTORS 

NPNSIUCON 

* This is a Motorola 
designated preferred device. 

Refer to 2N2369 in Section 3 for graphs. 

Min Typ Max Unit 

15 - - Vde 

40 - - Vde 

40 - - Vde 

4.5 - - Vde 

pAde 
- - 0.4 
- - 30 

- - 0.4 pAde 

-
40 - 120 
- - 120 
40 - -
20 - -
30 - -
20 - -
20 - -

Vde 
- - 0.25 
- - 0.20 
- - 0.30 
- - 0.25 
- - 0.50 

Vde 
0.7 - 0.85 
- - 1.02 
- - 1.15 
- - 1.60 
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MMBT2369LT1 MMBT2369ALT1 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

I Characteristic I Symbol Min Typ Max Unit 

SMALl-SIGNAL CHARACTERISTICS 

Output CapaeitanCB Cobo - - 4.0 pF 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

Small Signal Current Gain hfe 5.0 - - -
(lC = 10 mAde, VCE = 10 Vde, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Storage TIme ts - 5.0 13 ns 
(lB1 =IB2 = IC = 10 mAde) 

Turn-On TIme ton - 8.0 12 ns 
(VCC = 3.0 Vde, IC = 10 mAde, IB1 = 3.0 mAde) 

Turn-Off TIme toft - 10 18 ns 
(VCC = 3.0 Vde,lc = 10 mAde,IB1 = 3.0 mAde,IB2 = 1.5 mAde) 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 60 

Collector-Base Voltage VCBO 60 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous IC 50 

THERMAL CHARACTERISTICS 
Charactaristic Symbol Max 

Total Device Dissipation FR-5 Board,* PD 225 
TA = 25·C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient RfiJA 556 

Total Device Dissipation PD 300 
Alumina Substrate, ** T A = 25·C 
Derate above 25·C 2.4 

Thermal Resistance Junction to Ambient RfiJA 417 

Junction and Storage Temperature TJ, Tsta -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBT2484LTl = lU 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 10 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAdc, IC = 0) 

Collector Cutoff Current 
(VCB = 45 Vdc, IE = 0) 
(VCB = 45 Vdc, IE = 0, TA 150·C) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.0 mAde, VCE = 5.0 Vdc) 
(lC = 10 mAde, VCE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 1.0 mAde, IB = 0.1 mAde) 

Base-Emitter On Voltage 
(lC = 1.0 mAde, VCE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(VCB = 5.0 Vdc, IE = 0, f = 1 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

Noise Figure 
(lC = 10 pAdc, VCE = 5.0 Vdc, RS = 10 ill, f = 1.0 kHz, BW = 200 Hz) 

Motoro)a Small-8ignal TranSistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Unit 

mW 

mWrC 

·CIW 

mW 

mWrC 

"CIW 

·C 

MMBT2484LTl 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

2 Emitter 

LOW NOISE TRANSISTOR 

NPNSILICON 

Refer to MPSA18 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 60 - Vdc 

V(BR)CBO 60 - Vdc 

V(BR)EBO 5.0 - Vdc 

ICBO 
- 10 nAdc 
- 10 pAdc 

lEBO - 10 nAdc 

hFE -
250 -
- 800 

VCE(sat) - 0.35 Vdc 

VBE(on) - 0.95 Vdc 

Cobo - 6.0 pF 

Cibo - 6.0 pF 

NF - 3.0 dB 
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MAXIMUM RATINGS 
Rating Symbol MMBT2907IMMBT2907J Unit 

Collector-Emitter Voltage VCEO -40 I -60 Vdc 

Collector-Base Voltage VCBO -60 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous IC -600 mAdc 

THERMAL CHARACTERISTICS 
Oharacteristlc Symbol Max Unit 

Total Device Dissipation FR-5 Board,' Po 225 mW 
TA = 25°C 
Derate above 25°C 1.8 mWf'C 

Thermal Resistance Junction to Ambient R9JA 556 0c/w 

Total Device Dissipation Po 300 mW 
Alumina Substrate," T A = 25°C 
Derate above 25°C 2.4 mWf'C 

Thermal Resistance Junction to Ambient R9JA 417 0c/w 

Junction and Storage Temperature TJ, Tstll -55 to +150 °c 

'FR-5 = 1.0 x 0.75 x 0.062 in. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
MMBT2907LT1 = M2B MMBT2907ALT1 = 2F 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lC = -10 mAdc, IB = 0) MMBT2907 

MMBT2907A 

Collector-Base Breakdown Voltage 
(lC = -10 J£Adc. IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -10 J£Adc, IC = 0) 

Collector Cutoff Cu rrent 
(VCE = -30 Vde, VEB(off) = -0.5 Vde) 

Collector Cutoff Cu rrent 
(VCB = -50 Vdc, IE= 0) MMBT2907 

MMBT2907A 

(VCB = -50 Vde, IE = 0, TA = 125°C) MMBT2907 
MMBT2907A 

Base Current 
(VCE = -30 Vde, VEB(off) = -0.5 Vdc 

ON CHARACTERISTICS 

DC Current Gain 
(lc = -0.1 mAdc, VCE = -10 Vdc MMBT2907 

MMBT2907A 

(lC = -1.0 mAdc, VCE = - 10 Vdc) MMBT2907 
MMBT2907A 

(lC = -10 mAde, VCE = -10 Vde) MMBT2907 
MMBT2907A 

(lC = -150mAdc,VCE = -10Vde)(1) MMBT2907 
MMBT2907A 

(lC = -500 mAde, VCE = -10 Vdc)(1) MMBT2907 
MMBT2907A 

Collector-Emitter Saturation Voltage(1) 
(lc = -150 mAde, IB = -15 mAde) 
(lc = -500 mAdc, IB = -50 mAdc) 

Base-Emitter Saturation Voltage(1) 
(lc = -150 mAde.IB = -15 mAdc) 
(Ie = -500 mAdc, IB = -50 mAdc) 

" " Note: LT1 must be used when ordering SOT-23 deVices. 

MMBT2907LTl 
MMBT2907ALTl * 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

,3 17\ ~ 
3eollector 

1 2 B!.~ 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

ICBO 

IB 

hFE 

VCE(sat) 

VBE(sat) 

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

PNPSILICON 

*Thls is a Motorola 
designated preferred device. 

Refar ,to MPS2907 for graphs. 

Min Max 

-40 -
-60 -
-60 -
-5.0 -

- -50 

- -0.020 
- -0.010 

- -20 
- -10 

- -50 

35 -
75 -
50 -
100 -
75 -
100 -
100 300 

30 -
50 -

- -0.4 
- -1.6 

- -1.3 
- -2.6 

Unit 

Vde 

Vdc 

Vde 

nAde 

J£Ade 

nAde 

-

Vdc 

Vde 
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MMBT2907LT1 MMBT2907ALT1 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25'C unless otherwise noted.) 

I Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1),(2) tr 200 - MHz 
(lC = -50 mAde, VCE = -20 Vdc, f = 100 MHz) 

Output Capacitance Cabo - 8.0 pF 
(VCB = -10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - 30 pF 
(VEB = -2.0 Vdc,IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 45 ns 

Delay Time (VCC = -30 Vdc, IC = -150 mAde, 
td - 10 ns 

IBl = -15 mAde) 
Rise Time tr - 40 ns 

Turn-On Time toft - 100 ns 

Delay Time (VCC = -6.0Vdc,IC = -150 mAde, 
ts - 80 ns 

IBl = IB2 = -15 mAde) 
Rise Time tf - 30 ns 

(1) Pulse Test: Pulse Width'" 300 /'S, Duty Cycle", 2.0%. 
(2) fT is defined as the frequency at which Ihfel extrapolates to unity. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -12 Vde 

Collector-Base Voltage VCBO -12 Vde 

Emitter-Base Voltage VEBO -4.0 Vde 

Collector Current - Continuous IC -80 mAde 

THERMAL CHARACTERISITCS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA = 25°C 
Derate above 25°C 1.8 mWrC 

Thermel Resistance, Junction to Ambient R8JA 556 °CIW 

Total Device Dissipation PO 300 mW 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 mWrC 

Thermal Resistance, Junction to Ambient R8JA 417 °CIW 

Junction and Storage Temperature TJ, Tstg -55 to +150 °C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT3640LT1 = 2J 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (lC = -100 ,..Ade, VBE = 0) 

Collector-Emitter Sustaining Voltage(l) (lC = -10 mAde, IB = 0) 

Collector-Base Breakdown Voltage (lC = -100 ,..Ade, IE = 0) 

Emitter-Base Breakdown Voltage (IE = -100 ,..Ade, IC = 0) 

Collector Cutoff Current (VCE = -6.0 Vde, VBE = 0) 
(VCE = -6.0 Vde, VBE = 0, TA = 65°C) 

Base Current (VCE = -6.0 Vde, VEB = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain (lC = -10 mAde, VCE = -0.3 Vde) 
(lC = -50 mAde, VCE = -1.0 Vde 

Collector-Emitter Saturation Voltage (lc = -10 mAde, iB = -1.0 mAde) 
(lc = -50 mAde, IB = -5.0 mAde) 
(lc = -10 mAde, IB = -1.0 mAde, TA = 65°C) 

Base-Emitter Saturation Voltage (lc = -10 mAde, IB = -0.5 mAde) 
(lc = -10 mAde, IB = -1.0 mAde) 
(lC = -50 mAde, IB = -5.0 mAde) 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -10 mAde, VCE = -5.0 Vde, f = 100 MHz) 

Output Capacitance (VCB = -5.0 Vde, IE =0, f = 1.0 MHz) 

Input Capacitance (VEB = -0.5 Vde, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = -6.0 Vde, IC = -SO mAde, VEB(off) = -1.9 Vde, 

Rise Time IBI = -5.0 mAde) 

Storage Time (VCC = -6.0 Vde, IC = -50 mAde, IBI = IB2 = -5.0 mAde) 

Fall Time 

Turn-On Time 
(VCC = -6.0 Vde, IC = -50 mAde, VEB(off) = -1.9 Vde, IBI = -5.0 mAde) 
(VCC = -1.5Vde,lc = -10 mAde, IBI = -0.5 mAde) 

Turn-Off Time 
(VCC = -6.0 Vde, IC = -50 mAde, VEB(off) = -1.9 V, IBI = IB2 = -5.0 mAde) 
(VCC = -1.5 Vde, IC = -10 mAde, IBI = IB2 = -0.5 mAde) 

(1) Pulse Test: Pulse Width .. 300 ,.s, Duty Cycle .. 2.0%. 

MMBT3640LTl * 
CASE 318-07, STYLE 6 

SOT-23 (TO-236AB) 

,~' .. ~~ 
2 Emitter 

SWITCHING TRANSISTOR 

Symbol 

V(BR)CES 

PNPSILICON 

* This is a Motorola designated 
preferred device. 

Refer to MPS3640 for graphs. 

Min Max 

-12 -
VCEO(sus) -12 -
V(BR)CBO -12 -

V(BR)EBO -4.0 -

ICES - -0.01 
- -1.0 

IB - -10 

hFE 30 120 
20 -

VCE(sat) - -0.2 
- -0.6 
- -0.25 

VBE(sat) -0.75 -0.95 
-0.8 -1.0 
- -1.5 

IT 500 -

Cobo - 3.5 

Cibo - 3.5 

td - 10 

tr - 30 

ts - 20 

tf - 12 

ton 
- 25 
- 60 

toff - 35 
75 

Unit 

Vde 

Vde 

Vde 

Vde 

,..Ade 

nAde 

-

Vde 

Vde 

MHz 

pF 

pF 

ns 

ns 

ns 

ns 

ns 

ns 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vde 

Collector-Base Voltage VCBO 60 Vde 

Emitter-Base Voltage VEBO 6.0 Vde 

Collector Current - Continuous IC 200 mAde 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA = 25'C 
Derate above 25'C 1.8 mWrC 

Thermal Resistance Junction to Ambient R6JA 556 'CIW 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA = 25'C 
Derate above 25'C 2.4 mWrC 

Thermal Resistance Junction to Ambient R6JA 417 'CIW 

Junction and Storage Temperature TJ, Tsto -55to +150 'c 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT3904LT1 = lAM 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lc = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 10 ~de, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 "Ade, IC = 0) 

Base Cutoff Current 
(VCE = 30 Vde, VEB = 3.0 Vde) 

Collector Cutoff Cu rrent 
(VCE = 30 Vdc, VEB = 3.0 Vdc) 

ON CHARACTERISTICS(l) 

DC Current Gain(l) 
(lC = 0.1 mAde, VCE = 1.0 Vde) 
(lC = 1.0 mAde, VCE = 1.0 Vde) 
(lC = 10 mAde, VCE = 1.0 Vde) 
(lC = 50 mAde, VCE = 1.0 Vde) 
(lC = 100 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage(l) 
(lC = 10 mAde, IB = 1.0 mAde) 
(lC = 50 mAde, IB = 5.0 mAde) 

Base-Emitter Saturation Voltage(l) 
(lC = 10 mAde, IB = 1.0 mAde) 
(lC = 50 mAde, IB = 5.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (lC = 10 mAde, VCE = 20 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) 

Input Impedance 
(lc = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Voltage Feedback Ratio 
(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Small-Signal Current Gain 
(lC = 1.0 mAde, VCE = 10 Vdc, f = 1.0 kHz) 

(1) Pulse Test. Pulse Width", 300,,5, Duty Cycle'" 2.0%. 

Rev 1 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MMBT3904LTl * 
CASE 318-07, STYLE 6 

SOT-23 (TO-236AB) 

3 Collector 

,~' ~() 
2 2 Emitter 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBL 

ICEX 

hFE 

VCE(sat) 

VBE(sat) 

IT 
Cobo 

Cibo 

hie 

hre 

hfe 

GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

*Thls Is a Motorola 
designated preferred device. 

Refer to 2N3903 for graphs. 

Min Max 

40 -

60 -

6.0 -

- 50 

- 50 

40 -
70 -
100 300 
60 -
30 -

- 0.2 
- 0.3 

0.65 0.85 
- 0.95 

300 -
- 4.0 

- 8.0 

1.0 10 

0.5 8.0 

100 400 

Unit 

Vdc 

Vdc 

Vdc 

nAde 

nAde 

-

Vde 

Vde 

MHz 

pF 

pF 

k ohms 

X 10-4 

-
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MMBT3904LT1 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'e unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Output Admittance hoe 1.0 40 p.mhos 
(Ie = 1.0 mAde, VeE = 10 Vde, f = 1.0 kHz) 

Noise Figure NF - 5.0 dB 
(Ie = 100 p.Ade, VeE = 5.0 Vde, RS = 1.0 k ohms, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

OelayTime (Vee = 3.0 Vde, VBE = -0.5 Vde, 1d - 35 ns 

Rise Time Ie = 10 mAde, IBl = 1.0 mAde) tr - 35 ns 

Storage TIme (Vee = 3.0 Vde, Ie = 10 mAde, IBl = IB2 = 1.0 mAde) ts - 200 ns 

Fall Time tf - 50 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO -40 

Collector-Base Voltage VCBO -40 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -200 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,' Po 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R8jA 556 

Total Device Dissipation Po 300 
Alumina Substrate .. ' TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient R8jA 417 

Junction and Storage Temperature TJ, Tsta -55to +150 

'FR-5' = 1.0 x 0.75 x 0.062 in. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
I MMBT3906LTl = 2A 

ELECTRICAL CHARACTERISTlCS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(lC = -1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = -10 J£Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -10 /LAde, IC = 0) 

Base Cutoff Current 
(VCE = -30 Vde, VEB = -3.0 Vde) 

Collector Cutoff Current 
(VCE = -30 Vde, VEB = -3.0 Vde 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lC = -0.1 mAde,VCE = -1.0Vde) 
(lC = -1.0 mAde, VCE = -1.0 Vde) 
(lC = -10mAde,VCE = -1.0Vde) 
(lC = - 50 mAde, VCE = -1.0 Vde) 
(lC = -100mAde,VCE = -1.0Vde) 

Collector-Emitter Saturation Voltage 
(lC = -10 mAde, IB = -1.0 mAde) 
(lC = -SO mAde, IB = -5.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = -10 mAde, IB = -1.0 mAde) 
(lC = -50 mAde, IB = -5.0 mAde) 

Revt 

Motorola Small-Signal Transistors. FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

Unit 

mW 

mWrC 

°CIW 

mW 

mWrC 

°CIW 

°C 

MMBT3906LTI * 
CASE 318-07, STYLE 6 

SOT-23 (TO-236AB) 

,~' ~()'-
2 Emitter 

GENERAL PURPOSE TRANSISTOR 

PNPSILICON 

*This is a Motorola designated 
preferred device. 

Refer to 2N3906 for graphs. 

Symbol Min Max 

V(BR)CEO -40 -

V(BR)CBO -40 -

V(BR)EBO -5.0 -

IBL - -50 

ICEX - -SO 

hFE 
60 -
80 -
100 300 
60 -
30 -

VCE(sat) 
- -0.25 
- -0.4 

VBE(sat) 
-0.65 -0.85 

- -0.95 

Unit 

Vdc 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 
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MMBT3906LT1 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25"<: unless otherwise noted). 

I Characteristic I Symbol Min Max Unit 

SMAlL-5IGNAL CHARACTERISncs 

Current-Gain - Bandwidth Product 1,- 250 - MHz 
(lC = -10 mAde, VCE = -20 Vdc, f = 100 MHz) 

Output Capacitanca Cobo - 4.5 pF 
(VCB = -5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - 10.0 pF 
(VEB = -0.5 Vdc, Ie = 0, f = 1.0 MHz) 

Input Impedanca hie 2.0 12 kohms 
(lc = -1.0 mAde, VCE = -10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio hre 0.1 10 X 10-4 
(lC = -1.0 mAde, VCE = -10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain hfe 100 400 -
(lc = -1.0 mAde, VCE = -10 Vde, f = 1.0 kHz) 

Output Admittance hoe 3.0 60 "mhos 
(lC = -1.0 mAde, VCE = -10 Vde, f = 1,0 kHz) 

Noise Figure NF - 4.0 dB 
(lC = -100 I£Ade, VCE = -5.0 Vde, RS = 1.0 k ohm, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay TIme (VCC = -3.0 Vde, VBE = 0.5 Vde, Id - 35 ns 

Rise TIme IC = -10 mAde, IBI = -1.0 mAde) 
tr - 35 ns 

Storage Time VCC = -3.0Vdc,IC = -10 mAde, ts - 225 ns 

Fall TIme IBI = IB2 = -1.0 mAde) tf - 75 ns 

(1) Pulse Width", 300 /£8, Duty Cycle'" 2.0%. 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VCBO 60 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous IC 600 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R6JA 556 

Total Device Dissipation Po 300 
Alumina Substrate, ** TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient R6JA 417 

Junction and Storage Temperature TJ, Tsto -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBT4401LTt = 2X 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTI:RISTICS 

Collector-Emitter Breakdown Voltage(l) (lC = 1.0 mAde,lB = 0) 

Collector-Base Breakdown Voltage (lC = 0.1 mAde, IE = 0) 

Emitter-Base Breakdown Voltage (IE = 0.1 mAde, IC = 0) 

Base Cutoff Current (VCE = 35 Vde, VEB = 0.4 Vde) 

Collector Cutoff Current (VCE = 35 Vde, VEB = 0.4 Vdel 

ON CHARACTERISTlCS(I) 

DC Current Gain (lC = 0.1 mAde, VCE = 1.0 Vde) 
(lC = 1.0 mAde, VCE = 1.0 Vde) 
(lC = 10 mAde, VCE = 1.0 Vde) 
(lC = 150 mAde, VCE = 1.0 Vde) 
(lc = 500 mAde, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage (lc = 150 mAde, IB = 15 mAde) 
(lc = 500 mAde, IB = 50 mAde) 

Base-Emitter Saturation Voltage (lc = 150 mAde, IB = 15 mAde) 
(lC = 500 mAde, IB = 50 mAde) 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 20 mAde, VCE = 10 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) 

Input Impedance 
(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Voltage Feedback Ratio 
(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Small-Signal Current Gain 
(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Output Admittance 
(lc = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = 30 Vde, VEB = 2.0 Vde, 

RisaTime IC = 150 mAde, IBI = 15 mAde) 

Storage Time (VCC = 30 Vde, IC = 150 mAde, 

Fall Time IBI = IB2 = 15 mAde) 

(1) Pulse Test: Pulse Width,.; 300 ItS, Duty Cycle,.; 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

Unit 

mW 

mWrC 
0c/w 

mW 

mWrc 

0c/w 

°c 

MM BT440 1 LTI * 
CASE 318-07, STYLE 6 

SOT-23 (TO-236AB) 

,~' .. (>~ 
2 Emitter 

SWITCHING TRANSISTOR 

NPNSIUCON 

* This is a Motorola designated 
preferred device. 

Refer to 2N4401 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 40 - Vde 

V(BRICBO 60 - Vde 

V(BR)EBO 6.0 - Vde 

IBEV - 0.1 pAde 

ICEX - 0.1 pAde 

hFE 20 - -
40 -
80 -
100 300 
40 -

VCE(sat) - 0.4 Vde 
- 0.75 

VBE(sat) 0.75 0.95 Vde 
- 1.2 

IT 250 - MHz 

Ccb - 6.5 pF 

Ceb - 30 pF 

hie 1.0 15 kohms 

hre 0.1 8.0 X 10-4 

hfe 40 500 -

hoe 1.0 30 "mhos 

td - 15 ns 

tr - 20 ns 

ts - 225 ns 

tf - 30 ns 
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MAXIMUM RATINGS 
RatIng Symbol Value Unit 

Collector-Emitter Voltage VCEO -40 Vde 

Collector-Base Voltage VCBO -40 Vde 

Emitter-Base Voltage VEBO -5.0 Vde 

Collector Current - Continuous IC -600 mAde 

THERMAL CHARACTERISITCS 
Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board, * Po 225 mW 
TA = 25'C 
Derate above 25'C 1.8 mWrc 

Thermal Resistance, Junction to Ambient R8JA 556 'CIW 

Total Device Dissipation Po 300 mW 
Alumina Substrate,'* TA = 25'C 
Derate above 25'C 2.4 mWI'C 

Thermal Resistance, Junction to Ambient R8JA 417 'CIW 

Junction and Storage Temperature TJ, Tstg -55 to +150 'C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
** Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
MMBT4403LT1 = 2T 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted. 1 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(ll (lC = -1.0 mAde, IB = 01 

Collector-Base Breakdown Voltage (lC = -0.1 mAde, IE = 01 

Emitter-Base Breakdown Voltage (IE = -0.1 mAde,lc = 01 

Base Cutoff Current (VCE = -35 Vde, VEB = -0.4 Vdel 

Collector Cutoff Current (VCE = -35 Vde, VEB = -0.4 Vdel 

ON CHARACTERISTICS 

DC Current Gain (lC = -0.1 mAde, VCE = -1.0 Vdel 
(lc = -1.0 mAde, VCE = -1.0Vdel 
(lC = -10 mAde, VCE = -1.0 Vdel 
(lC = -150 mAde, VCE = -2.0 Vdel(ll 
(lC = -500 mAde, VCE = -2.0 Vdel(lI 

Collector-Emitter Saturation Voltage(1l (lC = -150 mAde, IB = -15 mAdel 
(lC = -500 mAde, IB = -50 mAdel 

Base-Emitter Saturation Voltage(1l (lC = -150 mAde, IB = -15 mAdel 
(lC = - 500 mAde, IB = - 50 mAde) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -20 mAde, VCE = -10 Vde, f = 100 MHz) 

Collector-Base Capacitance (VCB = -10 Vde, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance (VBE = -0.5 Vde, IC = 0, f = 1.0 MHz) 

Input Impedance (lC = -1.0 mAde, VCE = -10 Vde, f = 1.0 kHz) 

Voltage Feedback Ratio (lC = -1.0 mAde, VCE = -10 Vde, f = 1.0 kHz) 

Small-Signal Current Gain (lC = -1.0 mAde, VCE = -10 Vde, f = 1.0 kHz) 

Output Admittance (lC = '-1.0 mAde, VCE = -10 Vde, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = -30 Vde, VEB = -2.0 Vde, 
Rise Time IC = -150 mAde, IBl = -15 mAde) 

Storage Time (VCC = -30 Vde, IC = -150 mAde, 
Fall Time IBl = IB2 = -15 mAde) 

(1) Pulse Test: Pulse W,dth .. 300 !£S, Duty Cycle .. 2.0%. 

MMBT4403LT1* 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

,~' .. ~~ 
2 Emitter 

SWITCHING TRANSISTOR 

Symbol 

V(BRICEO 

V(BRICBO 

V(BRIEBO 

IBEV 

ICEX 

hFE 

VCE(satl 

VBE(satl 

tr 

Ceb 

Ceb 

hie 

hre 

hfe 

hoe 

td 

tr 

ts 

tf 

PNPSIUCON 

*Thls is a Motorola 
designated prefBmId device. 

Refer to 2N4402 for graphs. 

Min Max 

-40 -
-40 -
-5.0 -
- -0.1 

- -0.1 

30 -
60 -
100 -
100 300 
20 -
- -0.4 
- -0.75 

-0.75 -0.95 
- -1.3 

200 -

- 8.5 

- 30 

1.5k 15k 

0.1 8.0 

60 500 

1.0 100 

- 15 

- 20 

- 225 

- 30 

Unit 

Vde 

Vde 

Vde 

pAde 

pAde 

-

Vde 

Vde 

MHz 

pF 

pF 

ohms 

X 10-4 

-
I'mhos 

ns 

ns 

ns 

ns 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO -50 

Collector-Base Voltage VCBO -50 

Emitter-Base Voltage VEBO -3.0 

Collector Current - Continuous IC -50 

THERMAL CHARACTERISITCS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,' Po 225 
TA = 25"<: 
Derate above 25'C 1.8 

Thermal Resistance, Junction to Ambient R9JA 556 

Total Device Dissipation Po 300 
Alumina Substrate," TA = 25"<: 
Derate above 25'C 2.4 

Thermal Resistance, Junction to Ambient R9JA 417 

Junction and Storage Temperature TJ, Tstl! -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 In. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT5087lT1 = 2Q 

ELECTRICAL CHARACTERISTICS (TA = 25"<: unless otherwise noted.) 

I Charactaristic 

OFF CHARACTERlSllCS 

Collector-Emitter Breakdown Voltage 
(lC = -1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = -100 j.tAdc, IE = 0) 

Collector Cutoff Current 
(VCB = -10 Vdc, IE = 0) 
(VCB = -35 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -100 j.tAdc, VCE = -5.0 Vdc) 
(lc = -1.0 mAde, VCE = -5.0 Vdc) 
(lC = -10 mAde, VCE = -5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = -10 mAde, IB = -1.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = -10 mAde, IB = -1.0 mAde) 

SMALL-SIGNAl CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = - 500 j.tAdc, VCE = - 5.0 Vdc, f = 20 MHz) 

Output Capacitance 
(VCB = -5.0 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(lc = -1.0 mAde, VCE = -5.0 Vdc, f = 1.0 kHz) 

Noise Figure 
(lC = -20 mAde, VCE = -5.0 Vdc, RS = 10 Jdl, f = 1.0 kHz) 
(lC = -100 j.tAdc, VCE = -5.0 Vdc, RS = 3.0 Jdl, f = 1.0 kHz) 

Motorola Small-8ignal TranSistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

Unit 

mW 

mWf'C 

.c/w 

mW 

mWf'C 

.c/w 

"<: 

MMBTS087LTI * 
CASE 318-07, STYLE 6 

SOT -23 (TO-236AB) 

,~' .~~-
2 Emitter 

LOW NOISE TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

ICBO 

hFE 

VCE(sat) 

VBE(sat) 

IT 

Cobo 

hfe 

NF 

PNPSIUCON 

*This is a Motorola 
designated prefernd device. 

Refer to 2N5086 for graphs. 

Min Max 

-50 -

-50 -

- -10 
- -50 

250 800 
250 -
250 -
- -0.3 

- -0.85 

40 -

- 4.0 

250 900 

- 2.0 
- 2.0 

Unit 

Vdc 

Vdc 

nAdc 

-

Vdc 

Vde 

MHz 

pF 

-

dB 
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MAXIMUM RATINGS 

Value 

RatIng Symbol MMB11i088 MMBT5089 Unit 
Co"ector·Emitter Voltage VCEO 30 25 Vde 

Co"ector·Base Voltage VCBO 35 30 Vde 

Emitter·Base Voltage VEBO 4.5 Vde 

Collector Current - Continuous IC 50 mAde 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 
Total Device Dissipation FR-5 Board,* Po 225 mW 

TA = 25"<: 
Derate above 25°C 1.B mWrC 

Thermal Resistance Junction to Ambient R8JA 556 °CIW 

Total Device Dissipation Po 300 mW 
Alumina Substrate, ** TA = 25°C 
Derate above 25°C 2.4 mWrC 

Thermal Resistance Junction to Ambient R8JA 417 °CIW 

Junction and Storage Temperature TJ, Tsta -55to +150 °c 

*FR-5 = 1.0 x 0.75 x 0.062 'n. 
""Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBT5OBBLT1 = 10; MMBT5OB9LTl = lR 

• ELECTRICAL CHARACTERISTICS (T A = 25"<: unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Co"ector·Emitter Breakdown Voltage 
(lc = 1.0 mAde, IB = 0) MMBT5088 

MMBT5089 

Co"ector·Base Breakdown Voltage 
(lC = 100 pAdc, IE = 0) MMBT50B8 

MMBT5089 

Collector Cutoff Current 
(VCB = 20 Vdc, IE = 0) MMBT5088 
(VCB = 15 Vdc, IE = 0) MMBT5089 

Emitter Cutoff Current 
(VEB(off) = 3.0 Vdc, IC = 0) MMBT50B8 
(VEBloffl = 4.5 Vde, IC - 0) MMBT5089 

ON CHARACTERISTICS 

DC Current Gain (lC = 100 /lAde, VCE = 5.0 Vdc) MMBT5088 
MMBT5089 

(lC = 1.0 mAde, VCE = 5.0 Vdc) MMBT50B8 
MMBT5089 

(lC = 10 mAde, VCE = 5.0 Vdc) MMBT50B8 
MMBT5089 

Co"ector·Emitter Saturation Voltage (lC = 10 mAde, IB = 1.0 mAde) 

Base-Emitter Saturation Voltage (lC = 10 mAde, IB = 1.0 mAde) 

SMALL SIGNAL CHARACTERIS11CS 

Current-Gain - Bandwidth Product 
(lC = 500 /lAde, VCE = 5.0 Vde, f = 20 MHz) 

Co"ector·Base Capacitance 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz emitter guarded) 

Emitter·Base Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz collector guarded) 

Sma" Signal Current Gain 
(lC = 1.0 mAde, VCE = 5.0 Vde, f = 1.0 kHz) MMBT50B8 

MMBT5089 

Noise Figure 
(lC = 100 /lAde, VCE = 5.0 Vde, RS = 10 leO, 
f = 1.0 kHz) MMBT5088 

MMBT5089 ... .. Note. LT1 must be used when ordering SOT-23 devices . 

MMBTS088LTl 
MMBT5089LTl * 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

.3 p\ 
• 

3ealtecta, 

1 2 B~';;~ 
2 Emitter 

LOW NOISE TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

ICBO 

lEBO 

hFE 

VCElsat) 

VBElsatl 

for 

Ceb 

Ceb 

hfe 

NF 

NPNSIUCON 

*Thls 18 • Motorola 
designated preferred device. 

Refer to MPSA 18 for graphs • 

Min Max 

30 -
25 -

35 -
30 -

- 50 
- 50 

- 50 
- 100 

300 900 
400 1200 

350 -
450 -
300 -
400 -
- 0.5 

- 0.8 

50 -
- 4.0 

- 10 

350 1400 
450 1800 

- 3.0 
- 2.0 

Unit 

Vdc 

Vde 

nAde 

nAde 

-

Vde 

Vdc 

MHz 

pF 

pF 

-

dB 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO -150 

Collector-Base Voltage VCBO -160 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board, * Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance, Junction to Ambient R8JA 556 

Total Device Dissipation Po 300 
Alumina Substrate, ** TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance, Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, Tstll -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumlna = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT5401LTI = 2L 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = -1.0 mAde,lB = 0) 

Collector-Base Breakdown Voltage 
(lC = -100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -10 pAdc, IC = 0) 

Collector Cutoff Current 
(VCB = -120 Vdc, IE = 0) 
(VCB = -120Vdc,IE = 0, TA = 100'C) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -1.0 mAde, VCE = -5.0 Vde) 
(lC = -10 mAde, VCE = -5.0 Vde) 
(lC = -50mAde,VCE = -5.0Vde) 

Collector-Emitter Saturation Voltage 
(lC = -10 mAde,lB = -1.0 mAde) 
(lC = -50 mAde, IB = -5.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = -10 mAde,lB = -1.0 mAde) 
(lC = -50 mAde, IB = -5.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -10 mAde, VCE = -10 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = -10 Vde, IE = 0, f = 1.0 MHz) 

Small Signal Current Gain 
(lC = -1.0 mAde, VCE = -10 Vde, f = 1.0 kHz) 

Noise Figure 
(lC = -200 pAde, VCE = -5.0 Vde, RS = 10 ohms, 
f = 1.0 kHz) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

Unit 

mW 

mWrC 
.c/w 

mW 

mWrC 
.c/w 

'c 

MMBT5401LTl* 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

HIGH VOLTAGE TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

hFE 

VCE(sat) 

VBE(sat) 

IT 

Cobo 

hfe 

NF 

PNPSILICON 

*Thls is a Motorola 
designated preferred device. 

Refer to 2N5401 for graphs. 

Min Max 

-150 -

-160 -

-5.0 -

- -50 
- -50 

50 -
60 240 
50 -

- -0.20 
- -0.5 

- -1.0 
- -1.0 

100 300 

- 6.0 

40 200 

- B.O 

Unit 

Vde 

Vde 

Vde 

nAdc 
pAdc 

-

Vde 

Vde 

MHz 

pF 

-

dB 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO 140 

Collector-Base Voltage VCBO 160 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous IC 600 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25·C 
Derate above 25·C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Total Device Dissipation Po 300 
Alumina Substrate,"' TA = 25·C 
Derate above 25·C 2.4 

Thermal Resistance Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, Tsta -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 In. 

""Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBT5550LTI = M1F; MMBT5551LT1 = Gl 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 }lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 }lAde, IC = 0) 

Collector Cutoff Current 
(VCB = 100 Vde, IE = 0) 
(VCB = 120 Vde, IE = 0) 
(VCB = 100 Vde, IE = 0, TA = 100·C) 
(VCB = 120 Vde, IE = 0, TA = 100·C) 

Emitter Cutoff Current 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain 
(lC = 1.0 mAde, VCE = 5.0 Vde) 

(lC = 10 mAde, VCE = 5.0 Vde) 

(lC = 60 mAde, VCE = 5.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde,lB = 1.0 mAde) 

(lC ,: 50 mAde, IB = 5.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

(lC = 50 mAde, IB = 5.0 mAde) 

(2) Pulse Test: Pulse Width = 300 /Ls, Duty Cycle = 2.0%. 
Note: "LT1" must be used when ordering SOT-23 devices. 

MMBT5550 
MMBT5551 

MMBT5550 
MMBT5551 

MMBT5550 
MMBT5551 
MMBT5550 
MMBT5551 

MMBT5550 
MMBT5551 

MMBT5550 
MMBT5551 

MMBT5550 
MMBT5551 

Both Types 

MMBT5550 
MMBT5551 

Both Types 

MMBT5550 
MMBT5551 

Unit 

Vde 

Vde 

Vde 

mAde 

Unit 

mW 

mWI"C 
.C/W 

mW 

mWI"C 

.C/W 

"C 

MMBT5550LTl 
MMBT5551LT1* 

CASE 318-07, STYLE 6 
SOT -23 (TO-236ABI 

,~' ~(>~ 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

2 Emitter 

HIGH VOLTAGE 
TRANSISTORS 

NPNSILICON 

*This is a Motorola 
daslgnatad preferred device. 

Refer to 2N5550 for graphs. 

Min Max 

140 -
160 -

160 -
180 -
6.0 -

- 100 
- 50 
- 100 
- 50 

- 50 

60 -
80 -
60 250 
80 250 

20 -
30 -

- 0.15 

- 0.25 
- 0.20 

- 1.0 

- 1.2 
- 1.0 

Unit 

Vde 

Vde 

Vdc 

nAde 

}lAde 

nAde 

-

Vde 

Vde 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VCBO 40 

Emitter-Base Voltage VEBO 12 

Collector Current - Continuous IC 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,' Po 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient RIIJA 556 

Total Device Dissipation Po 300 
Alumina Substrate," TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient RIIJA 417 

Junction and Storage Temperature TJ, Tstll -55 to +150 

'FR-5 = 1.0 x 0.75 x 0.062 in. 
'"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBT6427LT1 = 1V 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Charactarlstlc 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 10 mAde, VBE = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(lc = 10 !lAde, IC = 0) 

Collector Cutoff Current 
(VCE = 25 Vde, IB = 0) 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 10 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 10 mAde, VCE = 5.0 Vde) 
(lC = 100 mAde, VCE = 5.0 Vde) 
(lC = 500 mAde, VCE = 5.0 Vde) 

Collector-Emitter Saturation Voltage 
(lc = 50 mAde, IB = 0.5 mAde) 
(lc = 500 mAde, IB = 0.5 mAde) 

Base-Emitter Saturation Voltage 
(lC = 500 mAde, IB = 0.5 mAde) 

Base-Emitter On Voltage 
(lC = 50 mAde, VCE = 5.0 Vde) 

SMALL-8IGNAL CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5, IC = 0, f = 1.0 MHz) 

Current Gain - High Frequency 
(lC = 10 mAde, VCE = 5.0 Vde, f = 100 MHz) 

Noise Figure 
(lC = 1.0 mAde, VCE = 5.0 Vde, RS = 100 kIl, 
f = 1.0 kHz) 

'Pulse Test: Pulse Width = 300 p.s, Duty Cycle - 2.0%. 

Motoro)a Small-5ignal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

Unit 

mW 

mWf'C 
0c/w 

mW 

mWf'C 

°C/W 

°C 

MMBT6427LTI * 
CASE 318-07, STYLE 6 

SOT -23 (TO-236AB) 

Collector 3 

Emitter 2 

DARLINGTON TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICES 

ICBO 

lEBO 

hFE 

VCE(sat)' 

VBE(sat) 

VBE(on) 

Cobo 

Cibo 

Ihfel 

NF 

NPN SILICON 

* This is a Motorola 
designated prefemld device. 

Refer to 2N6428 for graphs. 

Min Max 

40 -

40 -
12 -

- 1.0 

- 50 

- 50 

10,000 100,000 
20,000 200,000 
14,000 140,000 

- 1.2 
- 1.5 

- 2.0 

- 1.75 

- 7.0 

- 15 

1.3 -

- 10 

Unit 

Vde 

Vde 

Vde 

!lAde 

nAde 

nAde 

-

Vde 

Vde 

Vde 

pF 

pF 

Vde 

dB 
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MAXIMUM RATINGS 

Value 

Rating Symbol MMBT6428 MMBT6429 Unit 

Collector-Emitter Voltage VCEO 50 45 Vde 

Collector-Base Voltage VCBO 60 55 Vde 

Emitter-Base Voltage VEBO 6.0 Vde 

Collector Current - Continuous IC 200 mAde 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' Po 225 mW 
TA = 250C 
Derate above 25°C 1.8 mWrC 

Thermal Resistance Junction to Ambient R8JA 556 °C/W 

Total Device Dissipation Po 300 mW 
Alumina Substrate," TA = 25°C 
Derate above 25°C 2.4 mWrC 

Thermal Resistance Junction to Ambient R8JA 417 0c/w 

Junction and Storage Temperature TJ, Tsta -55to +150 °C 

'FR-5 = 1.0 x 0.75 x 0.062 In. 

"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBT6428LT1 = lKM; MMBT6429LT1 = lL 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) MMBT6428 
(lC = 1.0 mAde, IB = 0) MMBT6429 

Collector-Base Breakdown Voltage 
(lC = 0.1 mAde, IE = 0) MMBT6428 
(lC = 0.1 mAde, IE = 0) MMBT6429 

Collector Cutoff Current 
(VCE = 30 Vdc) 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 5.0 Vde, ic = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 0.01 mAde, VCE = 5.0 Vde) MMBT6428 

MMBT6429 

(lC = 0.1 mAde, VCE = 5.0 Vde) MMBT6428 
MMBT6429 

(lC = 1.0 mAde, VCE = 5.0 Vde) MMBT6428 
MMBT6429 

(lC = 10 mAde, VCE = 5.0 Vde) MMr-6428 
MMBT6429 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 0.5 mAde) 
(IC = 100 mAde, IB = 5.0 mAde) 

Base-Emitter On Voltage 
(lC = 1.0 mAde, VCE = 5.0 Vde) 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 1.0 mAde, VCE = 5.0 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) 

Note: "LT1" must be used when ordering SOT-23 devices. 

MMBT6428LTI 
MMBT6429LTI 
CASE 318-07, STYLE 6 

SOT-23 (TO-236ABI 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to MPSA18 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
50 -
45 -

V(BR)CBO Vde 
60 -
55 -

ICES - 0.1 pAdc 

ICBO - 0.01 pAdc 

lEBO - 0.01 pAde 

hFE -
250 -
500 -
250 650 
500 1250 

250 -
500 -
250 -
500 -

VCE(sat) Vde 
- 0.2 
- 0.6 

VBE(on) 0.56 0.66 Vde 

tr 100 700 MHz 

Cobo - 3.0 pF 

Cibo - 8.0 pF 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO 350 

Collector-Base Voltage VCBO 350 

Emitter-Base Voltage VEBO 5.0 

Base Current IB 250 

Collector Current - Continuous IC 500 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,' Po 225 
TA = 25°C 
Derate above 25°C 1.B 

Thermal Resistance Junction to Ambient RBJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient RBJA 417 

Junction and Storage Temperature TJ, Tstl! -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT6517LT1 = lZ 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0mA) 

Collector-Base Breakdown Voltage 
(lC = 100 pAl 

Emitter-Base Breakdown Voltage 
(IE = 10 pAl 

Collector Cutoff Current 
(VCB = 250 V) 

Emitter Cutoff Current 
(VEB = 5.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.0 mA, VCE = 10 V) 
(lc = 10 mA, VCE = 10 V) 
(lc = 30 mA. VCE = 10 V) 
(lc = 50 mA, VCE = 10 V) 
(lc = 100 mA. VCE = 10 V) 

Collector-Emitter Saturation Voltage 
(lC = 10 mA. IB = 1.0 mAl 
(IC = 20 mA, IB = 2.0 mAl 
(IC = 30 mA. IB = 3.0 mAl 
(lc = 50 mA. IB = 5.0 mAl 

Base-Emitter Saturation Voltage 
(lC = 10 mA. IB = 1.0 mAl 
(lc = 20 mA. IB = 2.0 mAl 
(lC = 30 mA. IB = 3.0 mAl 

Base-Emitter On Voltage 
(IC = 100 mA, VCE = 10 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mA, VCE = 20 V, f = 20 MHz) 

Collector-Base Capacitance 
(VCB = 20 V, f = 1.0 MHz) 

Emitter-Base Capacitance 
(VEB = 0.5 V, f = 1.0 MHz) 

'Pulse Test: Pulse Width = 300,.., Duty Cycle = 2.0%. 

Motorola SmaU-Bignal Transistors. FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mA 

mA 

Unit 

mW 

mWrC 

0c/w 

mW 

mWrC 

0c/w 

°c 

MMBT6517LT1* 
CASE 318·07, STYLE 6 

SOT ·23 (TO·236AB) 

,~' .~-EO'-' 
2 Emitter 

HIGH VOLTAGE TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat)* 

VBE(sat) 

VBE(on) 

tr 

Ccb 

Ceb 

NPNSIUCON 

*This is a Motorola 
designated preferred device. 

Refer to 2N6517 for graphs. 

Min Max 

350 -

350 -

6.0 -

- 50 

- 50 

20 -
30 -
30 200 
20 200 
15 -

- 0.30 
- 0.35 
- 0.50 
- 1.0 

- 0.75 
- 0.B5 
- 0.90 

- 2.0 

40 200 

- 6.0 

- SO 

Unit 

Vdc 

Vdc 

Vdc 

nA 

nA 

-

Vdc 

Vdc 

Vdc 

MHz 

pF 

pF 

2-191 



MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO -350 

Collector-Base Voltage VCBO -350 

Emitter-Base Voltage VEBO -5.0 

Base Current IB -250 

Collector Current - Continuous IC -500 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board." Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance. Junction to Ambient R/IJA 556 

Total Device Dissipation Po 300 
Alumina Substrate."" TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance. Junction to Ambient R/IJA 417 

Junction and Storage Temperature TJ. Tstg -55to+l50 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
""Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
I MMBT6520LT1 = 2Z 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = -1.0 rnA) 

Collector-Base Breakdown Voltage 
(lC = -100 pA) 

Emitter-Base Breakdown Voltage 
(IE = -10 pA) 

Collector Cutoff Current 
(VCB = -250 V) 

Emitter Cutoff Current 
(VEB = - 4.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -1.0 rnA. VCE = -10V) 
(lc = -10mA.VCE = -10V) 
(lC = -30 rnA. VCE = -10 V) 
(lc = -50 rnA. VCE = -10 V) 
(lc = -100 rnA. VCE = -10 V) 

Collector-Emitter Saturation Voltage 
(lC = -10 mA.IB = -1.0 rnA) 
(lc = -20 mA.IB = -2.0 rnA) 
(lC = -30 rnA. IB = -3.0 rnA) 
(lC = -50 rnA. IB = -5.0 rnA) 

Base-Emitter Saturation Voltage 
(lc = -10 mA.IB = -1.0 rnA) 
(lC = -20 mA.IB = -2.0 rnA) 
(lC = -30 mA.IB = -3.0 rnA) 

Base-Emitter On Voltage 
(lC = -100 rnA. VCE = -10 V) 

SMAU.-5IGNAL CHARACTERI5nCS 

Current-Gain - Bandwidth Product 
(lC = -10 rnA. VCE = -20 V. f = 20 MHz) 

Collector-Base Capacitance 
(VCB = -20 V. f = 1.0 MHz) 

Emitter-Base Capacitance 
(VEB = -0.5 V. f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

mAdc 

Unit 

mW 

mWI'C 

'c/w 

mW 

mWf'C 

'c/w 

'c 

MMBT6520LTl * 
CASE 318-07, STYLE 6 

SOT -23 (TO-236AB) 

,~' .. ()-
2 2 Emitter 

HIGH VOLTAGE TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

VBE(on) 

fT 

Ccb 

Ceb 

PNPSILICON 

*Thls Is a Motorola 
desIgnated preferred device. 

Refer to 2N6520 for graphs. 

Min Max 

-350 -
-350 -

-5.0 -

- -50 

- -50 

20 -
30 -
30 200 
20 200 
15 -

- -0.30 
- -0.35 
- -0.50 
- -1.0 

- -0.75 
- -0.85 
- -0.90 

- -2.0 

40 200 

- 6.0 

- 100 

Unit 

Vdc 

Vdc 

Vdc 

nA 

nA 

-

Vdc 

Vdc 

Vdc 

MHz 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -80 V 

Collector-Base Voltage VCBO -80 V 

Emitter-Base Voltage VEBO -5.0 V 

Collector Current - Continuous IC -500 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA = 25'C 
Derate above 25'C 1.8 mWrC 

Thermal Resistance, Junction to Ambient RIIJA 556 'c/w 

Total Device Dissipation Po 300 mW 
Alumina Substrate, *. T A = 25'C 
Derate above 25'C 2.4 mWrC 

Thermal Resistance, Junction to Ambient RIIJA 417 'c/w 

Junction and Storage Temperature TJ, Tsta -55to +150 'c 
*FR-5 = 1.0 x 0.75 x 0.062 In. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBT8599LTI = 2W 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = -10 mAdc, IE = D) 

Collector-Base Breakdown Voltage 
(lC = -100 I£Adc, IE = D) 

Emitter-Base Breakdown Voltage 
(IE = -10 pAdc, IC = D) 

Collector Cutoff Current 
(VCB = -80 Vdc, IE = D) 

Emitter Cutoff Current 
(VEB = -4.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) 
(lc = -1.0 mAdc, VCE = -5.0 Vdc) 
(lc = -10 mAdc, VCE = -5.0 Vdc) 
(lC = -100 mAdc, VCE = -5.0 Vdc) 

Collector-Emitter Saturation Voltage(l) 
(lC = -100 mAdc,lB = -10 mAdc) 
(lC = -100 mAdc,lB = -5.0 mAdc) 

Base-Emitter On Voltage(l) 
(lc = -10 mAde, VCE = 5.0 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -10 mAdc, VCE = -5.0 Vdc, f = 100 MHz) 

Input Capacitance 
(VEB = -0.5 Vdc, IC = 0, f = 1.0 MHz) 

Collector-Base Capacitance 
(VCB = -5.0 Vdc, IE = 0, f = 1.0 MHz) 

(I) Pulse Test: Pulse Width = 300 p.S, Duty Cycle = 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MMBT8599LTl 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

,~' .. ~~ 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

IT 

Cibo 

Ccb 

2 Emitter 

GENERAL PURPOSE 
TRANSISTOR 

PNPSILICON 

Refer to 2N4125 for graphs. 

Min Max 

-80 -

-80 -
-5.0 -

- -100 

- -100 

100 300 
100 -
75 -

- -0.3 
- -0.4 

-0.6 -0.8 

150 -

- 30 

- 4.5 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol MMBTA05 MMBTA06 

Collector-Emitter Voltage VCEO 60 80 

Collector-Base Voltage VCBO 60 80 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous IC 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board, * PD 225 
TA = 25°C 
Derate above 250C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Total Device Dissipation PD 300 
Alumina Substrate,·* T A = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, Tsta -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 In. 
-

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTA05LTI = lH; MMBTA06LT1 = lGM 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 1.0 mAde, IB = 0) MMBTA05 

MMBTA06 

Emitter-Base Breakdown Voltage 
(IE = 100 pAde, IC = 0) 

Collector Cutoff Current 
(VCE = 60 Vde, IB = 0) 

Collector Cutoff Current 
(VCB = 60 Vde, IE = 0) MMBTA05 
(VCB = 80 Vde, IE = 0) MMBTA06 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 10 mAde, VCE = 1.0 Vde) 
(lc = 100 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 100 mAde, IB = 10 mAde) 

Base-Emitter On Voltage 
(lC = 100 mAde, VCE = 1.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(lc = 10 mA, VCE = 2.0 V, f = 100 MHz) 

(1) Pulse Test: Pulse Width .. 300 /JoS, Duty Cycle .. 2.0%. 
(2) fT is defined as the frequency at which Ihfel extrapolates to unity. 
Note: "LT1" must be used when ordering SOT-23 devices. 

Unit 

Vde 

Vde 

Vde 

mAde 

Unit 

mW 

mWrC 

OCIW 
mW 

mWrc 

OCIW 

°c 

MMBTAOSLTI 
MMBTA06LTl* 

Symbol 

V(BR)CEO 

V(BR)EBO 

ICES 

ICBO 

hFE 

VCE(sat) 

VBE(on) 

CASE 318-07, STYLE 6 
SOT -23 (TO-236AB) 

'.' i-()-
2 2 Emitter 

DRIVER TRANSISTORS 

NPNSILICON 

*Thls Is a Motorola 
designated preferred devica. 

Min Max 

60 -
80 -
4.0 -

- 0.1 

- 0.1 
- 0.1 

100 -
100 -
- 0.25 

- 1.2 

Unit 

Vde 

Vde 

pAde 

pAde 

-

Vde 

Vde 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCES 30 Vde 

Collector-Base Voltage VCBO 30 Vde 

Emitter-Base Voltage VEBO 10 Vde 

Collector Current - Continuous IC 300 mAde 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board, * PD 225 mW 
TA = 25°C 
Derate above 25°C 1.8 mWf'C 

Thermal Resistance Junction to Ambient R/IJA 556 °CIW 

Total Device Dissipation PD 300 mW 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 mWf'C 

Thermal Resistance Junction to Ambient R/IJA 417 °CIW 

Junction and Storage Temperature TJ, Tsta -55 to +150 °C 

*FR-5 = 1.0 x 0.75 x 0.062 tn. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTA13LT1 = 1M; MMBTA14LTl = 1N 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 100 pAde, VBE = 0) 

Collector Cutoff Current 
(VCB = 30 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 10 Vde, IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lC = 10 mAde, VCE = 5.0 Vde) 

(lC = 100 mAde, VCE = 5.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 100 mAde, IB = 0.1 mAde) 

Base-Emitter On Voltage 
(lC = 100 mAde, VCE = 5.0 Vde) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(lC = 10 mAde, VCE = 5.0 Vde, f = 100 MHz) 

(1) Pulse Test: Pulse Width", 300 /LS, Duty Cycle'" 2.0%. 
(2) IT = Ihfel· ftest· 
Note: "LT1" must be used when ordering SOT-23 devices. 

MMBTA13 
MMBTA14 

MMBTA13 
MMBTA14 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MMBTA13LTl 
MMBTA14LT1* 
CASE 318-07, STYLE 6 

SOT-23 (TO-236AB) 

Collector 3 

Emitter 2 

DARLINGTON AMPLIFIER 
TRANSISTORS 

Symbol 

V(BR)CES 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N6426 for graphs. 

Min Max 

30 -

- 100 

- 100 

5000 -
10,000 -
10,000 -
20,000 -

- 1.5 

- 2.0 

Unit 

Vde 

nAde 

nAde 

-

Vde 

Vde 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO 40 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous IC 100 

THERMAL CHARACTERISncs 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board. * PD 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R6JA 556 

Total Device Dissipation PD 300 
Alumina Substrate. ** T A = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient R6JA 417 

Junction and Storage Temperature TJ. Tsto -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
""Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
I MMBTA20LT1 = lC 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde. IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 /lAde. IC = 0) 

Collector Cutoff Current 
(VCB = 30 Vdc. IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 5.0 mAde. VCE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde. IB = 1.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 5.0 mAde. VCE = 10 Vdc. f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vdc.IE = O. f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

mAde 

Unit 

mW 

mWf'C 

"C/W 

mW 

mWrc 

°CIW 

°C 

MMBTA20LTl 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector 

,~' ~() 
2 2 Emitter 

GENERAL PURPOSE AMPLIFIER 

NPNSILICON 

Refer to MPS3904 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 

V(BR)EBO 4.0 - Vdc 

ICBO - 100 nAdc 

hFE 40 400 -

VCE(sat) - 0.25 Vdc 

tr 125 - MHz 

Cobo - 4.0 pF 
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MAXIMUM RATINGS 

Rating Symbol MMBTA42 MMBTA43 

Collector-Emitter Voltage VCEO 300 200 

Collector-Base Voltage VCBO 300 200 

Emitter-Base Voltage VEBO 6.0 6.0 

Collector Current - Continuous IC 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board" PD 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Total Device Dissipation PD 300 
Alumina Substrate,"" TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, Tsto -55to +150 

"FR-5 = 1.0 x 0.75 x 0.062 in. 
""Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTA42LTl = 10; MMBTA43LTl = M1E 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lc = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lc = 100 /lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 /lAde, IC = 0) 

Collector Cutoff Cu rrent 
(VCB = 200 Vdc, IE = 0) 
(VCB = 160 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 6.0 Vde, IC = 0) 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lC = 1.0 mAde, VCE = 10 Vde) 
(lC = 10 mAde, VCE = 10 Vde) 

(lC = 30 mAde, VCE = 10 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 20 mAde, IB = 2.0 mAde) 

Base-Emitter Saturation Voltage 
(lc = 20 mAde, IB = 2.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mAde, VCE = 20 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 20 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width .. 300 p.s, Duty Cycle .. 2.0%. 
Note: "LT'" must be used when ordering SOT-23 devices. 

MMBTA42 
MMBTA43 

MMBTA42 
MMBTA43 

MMBTM2 
MMBTA43 

MMBTA42 
MMBTA43 

Both Types 
Both Types 

MMBTA42 
MMBTA43 

MMBTA42 
MMBTA43 

MMBTA42 
MMBTM3 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

Unit 

mW 

mWrC 

°C/W 

mW 

mWrC 

0c/w 

°C 

MMBTA42LT1* 
MMBTA43LTl 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

IT 

Ceb 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

2 Emitter 

HIGH VOLTAGE 
TRANSISTORS 

NPNSIUCON 

*This is a Motorola 
designated preferred device. 

Refer to MPSA42 for graphs. 

Min Max 

300 -
200 -

300 -
200 -
6.0 -

- 0.1 
- 0.1 

- 0.1 
- 0.1 

25 -
40 -
40 -
40 

- 0.5 
- 0.5 

- 0.9 

50 -

- 3.0 
- 4.0 

Unit 

Vde 

Vde 

Vde 

/lAde 

/lAde 

-

Vde 

Vde 

MHz 

pF 
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MAXIMUM RATINGS 

Rating Symbol MMBTA55 MMBTA56 

Collector-Emitter Voltage VCEO -60 -80 

Collector-Base Voltage VCBO -60 -80 

Emitter-Base Voltage VEBO -4.0 

Collector Current - Continuous IC -500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Deviea Dissipation FR-5 Board,* PD 225 
TA = 25"C 
Derate above 25"C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Total Device Dissipation PD 300 
Alumina Substrate,·· TA = 25"C 
Derate above 25"C 2.4 

Thermal Resistance Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, Tstll -55 to +150 

·FR-5 = 1.0 x 0.75 x 0.062 in. 
··Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBTA55LT1 = 2H; MMBTA56LT1 = 2GM 

ELECTRICAL CHARACTERISTICS (T A = 2S"C unless otherwise noted.) 

Charactaristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lc = -1.0 mAde,lB = 0) MMBTA55 

MMBTA56 

Emitter-Base Breakdown Voltage 
(IE = -100 /lAde,lc = 0) 

Collector Cutoff Current 
(VCE = -60 Vde, IB = 0) 

Collector Cutoff Current 
(VCB = -60 Vde, IE = 0) MMBTASS 
(VCB = -80 Vde, IE = 0) MMBTAS6 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -10 mAde, VCE = -1.0Vde) 
(lC = -100 mAde, VCE = -1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = -100 mAde,lB = -10 mAde) 

Base-Emitter On Voltage 
(lC = -100mAde,VCE = -1.0Vde) 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(lC = -100 mAde, VCE = -1.0 Vde, f = 100 MHz) 

(1) Pulse Test: Pulse Width.; 300 I's, Duty Cycle.; 2.0%. 
(2) fy is defined as the frequency at which Ihfel extrapolates to unity. 
Note: "LT1" must be used when ordering SOT-23 devices. 

Unit 

Vde 

Vde 

Vde 

mAde 

Unit 

mW 

mWrC 

"CIW 

mW 

mWrC 

"C/W 

"C 

MMBTA55LTI 
MMBTA56LTl* 
CASE 318-07, STYLE 6 

SOT-23 (TO-236AB) 

DRIVER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)EBO 

ICES 

ICBO 

hFE 

VCE(sat) 

VBE(on) 

PNPSILICON 

*Thls Is a Motorola 
designated preferred device. 

Min Max 

-60 -
-80 -
-4.0 -

- -0.1 

- -0.1 
- -0.1 

100 -
100 -
- -0.25 

- -1.2 

Unit 

Vde 

Vde 

/lAde 

/lAde 

-

Vde 

Vde 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCES -30 

Collector-Base Voltage VCBO -30 

Emitter-Base Voltage VEBO -10 

Collector Current - Continuous IC -SOO 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-S Board,* Po 22S 
TA = 2SoC 
Derate above 2SoC 1.8 

Thermal Resistance Junction to Ambient R8JA SS6 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 2SoC 
Derate above 2SoC 2.4 

Thermal Resistance Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, Tstg -SSto +150 

*FR-S = 1.0 x 0.7S x 0.062 in. 
'**Alumina = 0.4 x 0.3 x 0.024 in. 99.S% alumina. 

DEVICE MARKING 

I MMBTA63LT1 = 2U; MMBTA64LT1 = 2V 

ELECTRICAL CHARACTERISTICS (TA = 2S'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = -100 pAdc) 

Collector Cutoff Current 
(VCB = -30 Vdc) 

Emitter Cutoff Current 
(VEB = -10 Vde) 

ON CHARACTERISTICS 

DC Current Gain (1) 
(lC = -10 mAde, VCE = -S.O Vde) 
(lC = -10mAde,VCE = -S.OVde) 
(lC = -100 mAde, VCE = -S.O Vde) 
(lC = -100 mAde, VCE = -S.O Vde) 

Collector-Emitter Saturation Voltage 
(lC = -100 mAde,lB = -0.1 mAde) 

Base-Emitter On Voltage 
(lc = -100mAde,VCE = -S.OVde) 

SMALL-SIGNAL CHARACTERISnCS 

Current-Gain - Bandwidth Product 
(lC = -10 mAde, VCE = -S.O Vde, f = 100 MHz) 

(1) Pulse Test: Pulse Width"" 300 /Jos, Duty Cycle"" 2.0%. 
Note: "LT1" must be used when ordering SOT-23 devices. 

MMBTA63 
MMBTA64 
MMBTA63 
MMBTA64 

Motoro)a Small-Signa) Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mWf'C 
0c/w 

mW 

mWf'C 

'CIW 

'c 

MMBTA63LTl 
MMBTA64LT1* 
CASE 318-07, STYLE 6 

SOT -23 (TO-236AB) 

Collector 3 

Emitter 2 

DARLINGTON TRANSISTORS 

Symbol 

V(BR)CES 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

PNPSILICON 
*This is a Motorola 

designated preferred device. 

Refer to MPSA7S for graphs. 

Min Max 

-30 -

- -100 

- -100 

S,OOO -
10,000 -
10,000 -
20,000 -
- -l.S 

- -2.0 

Unit 

Vdc 

nAdc 

nAdc 

-

Vde 

Vde 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO -40 

Emitter-Base Voltage VEBO -4.0 

Collector Current - Continuous IC -100 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board," Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient ROJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,'" TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient ROJA 417 

Junction and Storage Temperature TJ, Tstg -55 to +150 

"FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTA70LTl = M2C 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = -1.0 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = -100 !LAde, IC = 0) 

Collector Cutoff Current 
(VCB = -30 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -5.0 mAde, VCE = -10 Vdc) 

Collector-Emitter Saturation Voltage 
(lc = -10 mAde, IB = -1.0 mAde) 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -5.0 mAde, VCE = -10 Vdc, f = 100 MHz) 

Output Capacitance 
(VCB = -10 Vdc, IE = 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

mAde 

Unit 

mW 

mWI'C 

'CIW 

mW 

mWI'C 

'CIW 

'c 

MMBTA70LTl 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AA) 

,~' ~()-
2 Emitter 

GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

Refer to 2N5086 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -40 - Vdc 

V(BR)EBO -4.0 - Vdc 

ICBO - -100 nAde 

hFE 40 400 -

VCE(sat) - -0.25 Vde 

for 125 - MHz 

Cobo - 4.0 pF 
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MAXIMUM RATINGS 

Rating Symbol MMBTA92 MMBTA93 Unit 

Collector-Emitter Voltage VCEO -300 -200 Vdc 

Collector-Base Voltage VCBO -300 -200 Vdc 

Emitter-Base Voltage VEBO -5.0 -5.0 Vdc 

Collector Current - Continuous IC -500 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' Po 225 mW 
TA = 25°C 
Derate above 25°C 1.B mWrC 

Thermal Resistance Junction to Ambient R9JA 556 °CIW 

Total Device Dissipation Po 300 mW 
Alumina Substrate," TA = 25°C 
Derate above 25°C 2.4 mWrC 

Thermal Resistance Junction to Ambient R9JA 417 °CIW 

Junction and Storage Temperature TJ, Tstg -55 to +150 °C 

'FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTA92LTl = 20; MMBTA93LTl = 2E 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lc = -1.0 mAdc, IB = 0) MMBTA92 

MMBTA93 

Collector-Base Breakdown Voltage 
(lC = -100 pAdc, IE = 0) MMBTA92 

MMBTA93 

Emitter-Base Breakdown Voltage 
(IE = -100 pAdc, IC = 0) 

Collector Cutoff Current 
(VCB = -200 Vdc, IE = 0) MMBTA92 
(VCB = -160 Vdc, IE = 0) MMBTA93 

Emitter Cutoff Current 
(VEB = -3.0 Vdc, IC = 0) 

ON CHARACTERISTICS(l) 

DC Current Gain 
(lC = - 1.0 mAdc, VCE = -10 Vdc) Both Types 
(lC = -10 mAdc, VCE = -10 Vdc) 

(lC = -30 mAdc, VCE = -10 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = -20 mAdc, IB = -2.0 mAdc) 

Base-Emitter Saturation Voltage 
(lC = -20 mAdc, IB = -2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -10 mAdc, VCE = -20Vdc,f = 100 MHz) 

Collector-Base Capacitance 
(VCB = -20 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width", 300 /LS, Duty Cycle'" 2.0%. 
Note: "LT1" must be used when ordering SOT-23 devices. 

Both Types 

MMBTA92 
MMBTA93 

MMBTA92 
MMBTA93 

MMBTA92 
MMBTA93 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

MMBTA92LTl* 
MMBTA93LTI 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

IT 

Ccb 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector '.' .() 2 2 Emitter 

HIGH VOLTAGE 
TRANSISTORS 

PNPSILICON 

*Thls is a Motorola 
designated preferred device. 

Refer to MPSA92 for graphs. 

Min Max 

-300 -
-200 -
-300 -
-200 -
-5.0 -

- -0.25 
- -0.25 

- -0.1 

25 -
40 -
25 -
25 -

- -0.5 
- -0.5 

- -0.9 

50 -

- 6.0 
- 8.0 

Unit 

Vdc 

Vdc 

Vdc 

pAdc 

pAdc 

-

Vdc 

Vdc 

MHz 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 25 

Collector-Base Voltage VCBO 30 

Emitter-Base Voltage VEBO 3_0 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board, * Po 225 
TA = 25'C 
Derate above 25'C 1_8 

Thermal Resistance Junction to Ambient R/IJA 556 

Total Device Dissipation Po 300 
Alumina Substrate, ** TA = 25'C 
Derate above 25"C 2.4 

Thermal Resistance Junction to Ambient R/IJA 417 

Junction and Storage Temperature TJ, Tstg -55to+150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTH10LTl = 3EM 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 25 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 2.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 4.0 mAde, VCE = 10 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 4.0 mAdc, IB = 0.4 mAdc) 

Base-Emitter On Voltage 
(lC = 4.0 mAdc, VCE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 4.0 mAde, VCE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Common-Base Feedback Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Collector Base Time Constant 
(lC = 4.0 mAde, VCB = 10 Vdc, f = 31.8 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

Unit 

mW 

mWf'C 

.c!w 

mW 

mWf'C 

.c!w 

·C 

MMBTH10LT1* 

CASE 318-07, STYLE 6 
SOT-23 (TO-236ABI 

.• ' .. ()-' 
2 2 Emitter 

VHF/UHF TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE 

tr 

Ccb 

Crb 

rb'Cc 

NPNSIUCON 

* This Is a Motorola 
designated preferred device. 

Refer to MPSH10 for graphs. 

Min Max 

25 -

30 -

3.0 -

- 100 

- 100 

60 -

- 0.5 

- 0.95 

650 -

- 0.7 

- 0.65 

- 9.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ps 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 30 

Collector-Base Voltage VCBO 40 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous IC 50 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board, * PD 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R/IJA 556 

Total Device Dissipation PD 300 
Alumina Substrate, *- T A = 25°C 
Derate above 25"C 2.4 

Thermal Resistance Junction to Ambient R/IJA 417 

Junction and Storage Temperature TJ, Tstg -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
--Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTH24lTl = M3A 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 8.0 mAde, VCE = 10 Vde) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(l) 
(lC = 8.0 mAde, VCE = 10 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Conversion Gain 
(213 MHz to 45 MHz) 

(lC = 8.0 mAde, VCC = 20 Vde, Oscillator Injection = 150 mVrms) 
(60 MHz to 45 MHz) 

(lC = 8.0 mAde, VCC = 20 Vde, Oscillator Injection = 150 mVrms) 

(1) Pulse Test: Pulse Width .. 300 /LB, Duty Cycle .. 2.0%. 

Unit 

Vde 

Vdc 

Vde 

mAde 

Unit 

mW 

mWrC 

0c/w 

mW 

mWrC 

°C/W 

°C 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

tr 

Ceb 

-

CG 

MMBTH24LTl* 
CASE 318-07, STYLE 6 

SOT-23 (TO-236AB) 

VHF MIXER TRANSISTOR 

NPN SILICON 

*This is a Motorola 
dasignatad prefamKI device, 

Min Typ Max 

30 - -

40 - -
4.0 - -

- - 50 

400 620 -

- 0.25 0.45 

19 24 -
24 29 -

Unit 

Vde 

Vde 

Vde 

nAde 

MHz 

pF 

dB 
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• Designed for UHFNHF Amplifier Applications 
• High Current Gain Bandwidth Product 

for = 2000 MHz Min @ 10. rnA 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

THERMAL CHARACTERISTICS 

Characteristic 

Total Device Dissipation FR-5 Board, * 
TA = 25"C 
Derate above 25°C 

Thermal Resistance Junction to Ambient 

Total Device Dissipation 
Alumina Substrate,** TA = 25"C 
Derate above 25°C 

Thermal Resistance Junction to Ambient 

Junction and Storage Temperature 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

Symbol 

VCEO 

VCBO 

VEBO 

Symbol 

Po 

RIIJA 

Po 

RIIJA 

TJ, Tsta 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTH69LT1 = M3J 

Value 

-15 

-15 

-4.0 

Max 

225 

1.8 

556 

300 

2.4 

417 

-55to +150 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Unit 

Vdc 

Vdc 

Vdc 

Unit 

mW 

mWrC 

°CIW 

mW 

mWrC 

"CIW 

°C 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(lC = -1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lc = -10 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10 pAdc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = -10 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -10mAdc,VCE = -10Vdc) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(lC = -10 mAde, VCE = -10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Crb 
(VCE = -10 Vdc, IE = 0, f = 1.0 MHz) 

MMBTH69LT1* 

Min 

-15 

-15 

-4.0 

-

2000 

-

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

,~' ~()-
2 Emitter 

UHFNHF TRANSISTOR 

PNPSILICON 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- -

- -

- -100 

- -

- 0.35 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

MHz 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -20 Vde 

Collector-Base Voltage VCBO -20 Vde 

Emitter-Base Voltage VEBO -3.0 Vde 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' Po 225 mW 
TA = 25"C 
Derate above 25"C 1.B mWrC 

Thermal Resistance Junction to Ambient RIIJA 556 "CIW 

Total Device Dissipation Po 300 mW 
Alumina Substrate," TA = 25"C 
Derate above 25"C 2.4 mWrC 

Thermal Resistance Junction to Ambient RIIJA 417 "CIW 

Junction and Storage Temperature TJ, Tst!l -55 to +150 "C 

'FR-5 = 1.0 x 0.75 x 0.062 in. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTHB1LTl = 3D 

ELECTRICAL CHARACTERISTICS (TA = 25"e unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(lC = -1.0 mAde,lB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = -10 J£Ade, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10 J£Ade, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = -10 Vde, IE = 0) 

Emitter Cutoff Current lEBO 
(VEB = - 2.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = -5.0 mAde, VCE = -10 Vde) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = -5.0 mAde, IB = -0.5 mAde) 

Base-Emitter On Voltage VBE(on) 
(lC = -5.0 mAde, VCE = -10 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(lC = -5.0 mAde, VCE = -10 Vde, f = 100 MHz) 

Collector-Base Capacitance Ceb 
(VCB = -10 Vde, IE = 0, f = 1.0 MHz) 

Collector-Emitter Capacitance Cee 
(lB = 0, VCB = -10 Vde, f = 1.0 MHz) 

Motorola Small-8igna) Transistors, FETs and Diodes Device Data 

MMBTH81LT1* 

Min 

-20 

-20 

-3.0 

-

-

60 

-

-

600 

-

-

CASE 318-07, STYLE 6 
SOT-23.(TO-236AB) 

3 Collector 

,~' ~() 
2 Emitter 

UHFNHF TRANSISTOR 

PNPSILICON 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- -

- -

- -100 

- -100 

- -

- -0.5 

- -0.9 

- -

- 0.B5 

- 0.65 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 

MHz 

pF 

pF 

2-205 



MAXIMUM RATINGS 
Rating Symbol MMP02222 MMP02222A 

Collector-Emitter Voltage VCEO 30 40 

Collector-Base Voltage VCB 60 75 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 500 

Four 
Each Transistors 

Transistor Equal Power 

Total Power Dissipation @TA = 25'C PD 0.52 1.0 
Derate above 25'C 4.2 8.0 

Total Power Dissipation @ TC = 25'C PD 0.8 2.4 
Derate above 25°C 6.4 19.2 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

I Charactaristic I 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) MMPQ2222 
(lC = 10 mAde, IB = 0) MMPQ2222A 

Collector-Base Breakdown Voltage MMPQ2222 
(lC = 10 pAde, IE = 0) MMPQ2222A 

Emitter-Base Breakdown Voltage 
(lB = 10 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 50 Vde, IE = 0) MMP02222 
(VCB = 60 Vde, IE = 0) MMP02222A 

Emitter Cutoff Current 
(VEB = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) 
(lC = 100 pA, VCE = 10 V) MMPQ2222A 
(lc = 1.0 mA. VCE = 10 V) MMP02222A 
(lc = 10 mA, VCE = 10V) MMP02222 

MMP02222A 
(lc = 150 mA, VCE = 10V) MMP02222 

MMPQ2222A 
(lc = 300 mA, VCE = 10 V) MMP02222 
(lc = 500 mA, VCE = 10 V) MMP02222A 
(lc = 150 mA. VCE = 1.0 V) MMPQ2222A 

Collector-Emitter Saturation Voltage(l) 
(lC = 150 mAde, IB = 15 mAde) MMPQ2222 

MMPQ2222A 
(lC = 300 mAde, IB = 30 mAde) MMPQ2222 
(lC = 500 mAde, IB = 50 mAde) MMPQ2222A 

Base-Emitter Saturation Voltage(l) 
(lC =; 150 mAde, IB = 15 mAde) MMP02222 

MMP02222A 
(lc = 300 mAde, IB = 30 mAde) MMP02222 
(lC = 500 mAde, IB = 50 mAde) MMP02222A 

Rev 1 

Unit 

Vde 

Vdc 

Vde 

mAde 

Watts 
mWrC 

Watts 
mWrC 

'c 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

MMPQ2222,A* 
CASE 7518-05, STYLE 4 

SO-16 

QUAD 
GENERAL-PURPOSE 

TRANSISTORS 

Min 

30 
40 

60 
75 

5.0 
-

-
-
-

35 
50 
75 
75 
100 
100 
30 
40 
50 

-
-
-
-

-
-
-
-

NPNSIUCON 

*MMP02222A is a Motorola 
dasignated preferred device. 

Typ 'Max 

- -
- -
- -
- -
- -
- -

- 50 
- 10 

- 100 

- -
- -
- -
- -
- -
- 300 
- -
- -
- -

- 0.4 
- 0.3 
- 1.6 
- 1.0 

- 1.3 
- 1.2 
- 2.6 
- 2.0 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 
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MMPQ2222,A 

ELECTRICAL CHARACTERISTICS (Continued) 

I Characteristic Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product(l) fy 200 350 - MHz 
(lC = 20 mAde, VCE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cob - 4.5 - pF 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib - 17 - pF 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Tum-On Time ton - 25 - ns 
(Vee = 30 Vdc, VBE(oll) = -0.5 Vdc, Ie = 150 mAde, IB1 = 15 mAde) 

Turn-Off Time toff - 250 - ns 
(VCC = 30 Vdc, IC = 150 mAde, IBl = IB2 = 15 mAde) 

(1) Pulse Test: Pulse Width .. 300 p.s, Duty Cycle = 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 2-207 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 15 Vde 

Collector-Base Voltage VCB 40 Vde 

Emitter-Base Voltage VEB 4.5 . Vde 

Collector Current - Continuous IC 500 mAde 

Four 
Each Transistors 

Transistor Equal Power 

Total Power Dissipation @ TA = 25"C PD 0.4 0.72 Watts 
Derate above 25°C 3.2 6.4 mWrC 

Total Power Dissipation @ TC = 25"C PD 0.66 1.92 Watts 
Derate above 25°C 5.3 15.4 mWrC 

Operating and Storage Junction TJ, Tstg -55 to +150 °c 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) V(BR)CEO 
(lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = 10 !LAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 !LAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 20 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) hFE 
(lc = 10 mAde, VCE = 1.0 Vde) 
(lC = 100 mAde, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 10 mAde, IB = 1.0 mAde) 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = 10 mAde, IB = 1.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(lC = 10 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance Cob 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib 
VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion 
(VCC = 3.0 Vdc, (VEB(off) = 1.5 Vdc, IC = 10 mAde, IBI = 3.0 mAde) 

Turn-Off Time toff 
(VCC = 3.0 Vdc, IC = 10 mAdc, IBI = 3.0 mAdc, IB2 = 1.5 mAde) 

(1) Pulse Test: Pulse Width .. 300 /LS, Duty Cycle = 2.0%. 

MMPQ2369* 
CASE 751 B·05, STYLE 4 

SO·16 

... CONNEC11ON8 
DIAGRAM 

QUAD SWITCHING 
TRANSISTOR 

NPNSIUCON 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

15 - -

40 - -
4.5 - -
- - -
- - 0.4 

40 - -
20 - -
- - 0.25 

- - 0.9 

450 550 -

- 2.5 4.0 

- 3.0 5.0 

- 9.0 -

- 15 -

Unit 

Vde 

Vde 

Vde 

!LAde 

-

Vde 

Vde 

MHz 

pF 

pF 

ns 

ns 

2-208 Motorola Small-8ignal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS 

Rating Symbol MMPQ2907 MMPQ2907A Unit 

Collector-Emitter Voltage VCEO -40 -60 Vde 

Collector-Base Voltage VCB -60 Vde 

Emitter-Base Voltage VEB -5.0 Vde 

Collector Current - Continuous IC -600 mAde 

Four 
Each Transistors 

Transistor Equal Power 

Total Power Dissipation @TA = 25°C Po 0.52 1.0 Watts 
Derate above 25°C 4.2 8.0 mWf'C 

Total Power Dissipation @TC = 25°C Po 0.8 2.4 Watts 
Derate above 25°C 6.4 19.2 mWf'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 °c 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) MMP02907 V(BR)CEO 
(lC = -10 mAde, IB = 0) MMP02907A 

Collector-Base Breakdown Voltage 
(lC = -10 pAde, IE = 0) 

V(BR)CBO 

Emitter-Base Breakdown Voltage 
(IE = -10 pAde, IC = 0) 

V(BR)EBO 

Collector Cutoff Current ICBO 
(VCB = -30 Vde, IE = 0) MMP02907 
(VCB = -50 Vde, IE = 0) MMP02907A 

Emitter Cutoff Current lEBO 
(VEB = -3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) hFE 
(lC = -100 pAde, VCE = -10 V) MMP02907A 
(lc = -1.0 mAde, VCE = -10 V) MMP02907A 
(lC = -10 mAde, VCE = -10 V) MMP02907/2907A 
(lc = -150 mAde, VCE = -10 V) MMP02907/2907A 
(lC = -300 mAde, VCE = -10 V) MMP02907/2907A 
(lC = -500 mAde, VCE = -10 V) MMP02907/2907A 

Collector-Emitter Saturation Voltage(1) VCE(sat) 
(lC = -150 mAde, IB = -15 mAde) MMP02907 
(lC = -300 mAde, IB = -30 mAde) MMP02907 
(lC = -500 mAde, IB = -50 mAde) MMP02907 

Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ie =-150 mAde, IB =-15 mAde) MMP02907 
(Ie = -300 mAde, 18 = -30 mAde) MMP02907 
(Ie = -500 mAde, 18 = -50 mAde) MMP02907A 

Rev 1 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MMPQ2907,A* 
CASE 7518-05, STYLE 4 

SO-16 

PIN CONNECTIONS 
DIAGRAM 

QUAD 
GENERAL PURPOSE 

TRANSISTORS 
PNPSILICON 

*MMPQ2907A is a Motorola 
designated preferred device. 

Min Typ Max 

-40 - -
-60 - -
-60 - -

-5.0 - -
- - -

- - -50 
- - -10 

- - -50 

75 - -
100 - -

75/100 - -
100 - 300 

30/50 - -
50 - -

- - -0.4 
- - -1.6 
- - -1.6 

- - -1.3 
- - -2.6 
- - -2.6 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 
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MMPQ2907,A 

ELECTRICAL CHARACTERISTICS (Continued) 

I Characteristic Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product(l) fy 200 350 - MHz 
(lC = -50 mAde, Vce = -20 Vdc, t = 100 MHz) 

Output Capacitance Cob - 6.0 - pF 
(Vce = -10Vdc, Ie = o,t = 1.0 MHz) 

Input Capacitance Cib - 20 - pF 
(Vee = -2.0 Vdc, IC = 0, t = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 30 - ns 
(VCC = -30 Vde, IC = -150 mAdc, lel = -15 mAdc) 

Turn-Off TIme toft - 100 - ns 
(VCC = -6.0 Vdc, IC = -150 mAdc, lel = le2 = -15 mAdc) 

(1) Pulse Test: Pulse Width .. 300 "'S, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -40 Vde 

Collector-Base Voltage VCB -40 Vde 

Emitter-Base Voltage VEB -5.0 Vde 

Collector Current - Continuous IC -1.0 Ade 

Four 
Each Transistors 

Transistor • Equal Power 

Power Dissipation @ TA = 25'C Po 0.52 1.2 Watts 
Derate above 25'C 4.2 9.6 mWrC 

Power Dissipation @ TC = 25'C Po 1.0 2.5 Watts 
Derate above 25'C 8.0 20 mWrC 

Operating and Storage Junction TJ, Tstg -55 to +150 'c 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(lC = -10 mAde, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = -10 pAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10 pAde,lc = 0) 

Collector Cutoff Current ICBO 
(VCB = -30 Vde, IE = 0)' 

Emitter Cutoff Current lEBO 
(VEB = -3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
(lC = -500 mAde, VCE = -1.0Vde) 

Collector-Emitter Saturation Voltage(1) VCE(sat) 
(lC = -500 mAde, IB = -50 mAde) 

Base-Emitter Saturation Voltage(1) VBE(sat) 
(lC = -500 mAde, IB = -50 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(lC = -50 mAde, VCE = -10 Vde, f = 100 MHz) 

Output Capacitance Cob 
(VCB = -10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib 
(VEB = -0.5 Vde, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 
(lC = -500 mAde, IB1 = -50 mAde) 

Turn-Off Time toff 
(lC = -500 mAde, IB1 = IB2 = -50 mAde) 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

MMPQ3467* 
CASE 7518-05, STYLE 4 

SO-16 

PIN CONNECTIONS 
DIAGRAM 

QUAD 
MEMORY DRIVER 

TRANSISTOR 

PNPSILICON 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

-40 - -

-40 - -
-5.0 - -
- - -
- - -200 

- - -200 

20 - -

- -0.23 -0.5 

- -0.9 -1.2 

- 190 -

- 10 -

- 55 -

- 20 -

- 60 -

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 

MHz 

pF 

pF 

ns 

ns 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vde 

Collector-Emitter Voltage VCES 60 Vde 

Emitter-Base Voltage VEB 5.0 Vde 

Collector Current - Continuous IC 1.0 Ade 

Operating and Storage Junction TJ, Tstg -55 to +150 "C 
Temperature Range 

Four 
Each Transistors 

Transistor Equal Power 

Total Power Dissipation @TA = 25"C Po 0.6 1.4 Watts 
Derate above 25"C 4.B 11.2 mWrC 

Power Dissipation @TC = 25"<: Po 1.0 2.5 Watts 
Derate above 25"C B.O 2.0 mWI"C 

Operating and Storage Junction TJ, Tstg -55 to +150 "C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (T A = 25"C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CES 
(lC = 100 pAde, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 40 Vde, IE = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
(lC = 100 mAde, VCE = 1.0 Vde) 
(lC = 500 mAde, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 500 mAde, IB = 50 mAde) 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = 500 mAde, IB = 50 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product for 
(lC = 50 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance Cob 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

'fnput Capacitance Cib 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 
(lC = 500 mAde, IB1 = 50 mAde, VBE(off) = -3.B Vde) 

Turn-Off Time toff 
(lC = 500 mAde, IB1 = IB2 = 50 mAde) 

(1) Pul •• Te.t: Pul.e Width" 300 ",s, Duty Cycl. " 2.0%. 

Rev 1 

16 

MMPQ3725* 
CASE 751 B-05, STYLE 4 

50-16 

PIN CONNECTIONS 
DIAGRAM 

QUAD 
CORE DRIVER 
TRANSISTOR 

NPN SILICON 

*Thls Is a Motorola 
designated preferred device. 

Min Typ Max 

40 - -

60 - -

5.0 - -
-
- - 0.5 

35 75 200 
25 45 -
- 0.32 0.45 

O.B 0.9 1.1 

- 275 -

- 5.1 -

- 62 -

- 20 -

- 50 -

Unit 

Vde 

Vde 

Vde 

pAde 

-

Vde 

Vde 

MHz 

pF 

pF 

ns 

ns 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -60 Vdc 

Collector-Base Voltage VCB -60 Vdc 

Emitter-Base Voltage VEB -5.0 Vdc 

Collector Current - Continuous IC -200 mAde 

Four 
Each Transiston 

Transistor Equal Power 

Power Dissipation @ TA = 25"C Po 0.4 0.72 Watts 
Derate above 25"C 3.2 6.4 mWrC 

Power Dissipation @ TC = 25"C Po 0.66 1.92 Watts 
Derate above 25"C 5.3 15.4 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 "C 

ELECTRICAL CHARACTERISTICS (T A = 25"C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(lC = -10 mAdc,lB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = - 10 /LAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = - 10 JLAdc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = -50 Vdc, IE = 0) 

Emitter Cutoff Current lEBO 
(VEB = -3.0 Vdc, IC = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain hFE 
(lC = - 10 JLAdc, VCE = -5.0 Vdc) 
(lc = -100JLAdc,VCE = -5.0Vdc) 
(lc = -500 JLAdc, VCE = -5.0 Vdc) 
(lc = -10 mAde, VCE = -5.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
Oc = - 100 JLAdc, IB = -10 JLAdc) 
(lC = - 1.0 mAde, IB = -100 JLAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(lc = -100 JLAdc, IB = -10 JLAdc) 
(lc = -1.0mAdc,IB = -100JLAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product for 
(lC = -1.0 mAde, VCE = -5.0 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(VCB = -5.0 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo 
(VEB = -0.5 Vdc, IC = 0, f = 100 kHz) 

Noise Figure NF 
(lC = -100 JLAdc, VCE = -10 Vdc, RS = 3.0 kohms, 
f = 1.0 kHz) 

(2) Pulse Test: Pulse Width", 300/Ls, Duty Cycle'" 2.0%. 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

MMPQ3799* 
CASE 7518-05, STYLE 4 

SO-16 

PIN CONNECTIONS 

QUAD 
AMPUFIER 

TRANSISTOR 

PNPSIUCON 

DIAGRAM 

*This is a Motorola 
designated preferred device. 

Min Typ Max Unit 

-60 - - Vdc 

-60 - - Vdc 

-5.0 - - Vdc 

- - -10 nAdc 

- - -20 nAdc 

-
225 - -
300 - -
300 - -
250 - -

Vdc 
- -0.12 -0.2 
- -0.07 -0.25 

Vdc 
- -0.62 -0.7 
- -0.68 -0.8 

60 250 - MHz 

- 2.1 4.0 pF 

- 5.5 8.0 pF 

- 1.5 - dB 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vde 

Collector-Base Voltage VCB 60 Vde 

Emitter-Base Voltage VEB 6.0 Vde 

Collector Current - Continuous IC 200 mAde 

Four 
Each Transistors 

Transistor Equal Power 

Total Power Dissipation @TA = 25'C Po 0.4 o.iz Watts 
Derate above 25·C 3.2 6.4 mWf'C 

Total Power Dissipation @TC = 25'C Po 0.66 1.92 Watts 
Derate above 25·C 5.3 15.4 mWrc 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 ·C 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) V(BR)CEO 
(lC = 1.0 mAde,lB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = 10 pAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 40 Vde, IE = 0) 

Emitter Cutoff Current lEBO 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
(lC = 0.1 mAde, VCE = 1.0Vde) 
(lC = 1.0 mAde, VCE = 1.0 Vde) 
(lC = 10 mAde, VCE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 10 mAde, IB = 1.0 mAde) 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = 10 mAde,lB = 1.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(lC = 10 mAde, VCE = 20 Vde, f = 100 MHz) 

Output Capacitance Cob 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib 
(VEB = 0.5 Vde,lc = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion 
(lC = 10 Vde, VBE(off) = -0.5 Vde,lBl = 1.0 mAde) 

Turn-Off Time toff 
(lC = 10 mAde, IBI = IB2 = 1.0 mAde) 

(1) Pulse Test: Pulse Width"" 300 I'S, Duty Cycle"" 2.0%. 

MMPQ3904* 
CASE 7518-05, STYLE 4 

SO-16 

PIN CONNECTIONS 
DIAGRAM 

QUAD 
AMPLIFIER/SWITCH 

TRANSISTOR '---------' 

NPNSILICON 

Min 

40 

60 

6.0 
-
-

-

30 
50 
75 

-

-

250 

-

-

-

-

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- -

- -
- -
- 50 

- 50 

90 -
160 -
200 -
0.1 0.2 

0.65 0.85 

300 -

2.0 4.0 

4.0 8.0 

37 -

136 -

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 

MHz 

pF 

pF 

ns 

ns 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -40 Vde 

Collector-Base Voltage VCB -40 Vde 

Emitter-Base Voltage VEB -5.0 Vde 

Collector Current - Continuous IC -200 mAde 

Four 
Each Transistors 

Transistor Equal Power 

Power Dissipation @ TA = 25'C PD 0.4 0.72 Watts 
Derate above 25'C 3.2 6.4 mWf'C 

Power Dissipation @TC = 25'C PD 0.66 1.92 Watts 
Derate above 25'C 5.3 15.4 mWf'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 'c 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) V(BR)CEO 
(lC = -1.0 mAde,lB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = -10 pAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10 pAde, IC = 0) 

Collector Cutoff Cu rrent ICBO 
(VCB = -30 Vde, IE = 0) 

Emitter Cutoff Current lEBO 
(VEB = -4.0 Vde, IC = 0) 

ON CHARACTERISTlCS(1) 

DC Current Gain hFE 
(lC = -0.1 mAde, VCE = -1.0Vde) 
(lC = -1.0 mAde, VCE = -1.0 Vde) 
(lC = -10 mAde, VCE = -1.0 Vde) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = -10 mAde,lB = -1.0 mAde) 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = -10 mAde, IB = -1.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product f,-
(lC = -10 mAde, VCE = -20 Vde, f = 100 MHz) 

Output Capacitance Cob 
(VCB = - 5.0 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib 
(VEB = -0.5 Vde, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 
(lC = -10 mAde, VBE(off) = 0.5 Vde, IBI = -1.0 mAde) 

Turn-Off nme toff 
(lC = -10 mAde,lBl = IB2 = -1.0 mAde) 

(1) Pulse Test: Pulse Width", 300 I'S, Duty Cycle", 2.0%. 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

MMPQ3906* 
CASE 7518-05, STYLE 4 

SO-16 

PIN CONNECTIONS 
DIAGRAM 

QUAD 
AMPLIFIER/SWITCH 

TRANSISTOR 

PNPSIUCON 

* This is a Motorola 
designated prafernd device. 

Min Typ Max 

-40 - -

-40 - -

-5.0 - -

- - -50 

- - -50 

40 160 -
60 180 -
75 200 -
- -0.1 -0.25 

- -0.65 -0.85 

200 250 -

- 3.3 4.5 

- 4.8 10 

- 43 -

- 155 -

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 

MHz 

pF 

pF 

ns 

ns 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VCB 40 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 200 

Four 
Each Transistors 

Transistor Equal Power 

Total Power Dissipation @TA = 25"<: Po 0.4 0.72 
Derate above 25°C 3.2 6.4 

Total Power Dissipation @tc = 25"C Po 0.66 1.92 
Derate above 25°C 5.3 15.4 

Operating and Storage Junction 
Temparature Range 

TJ, Tstg -55 to +150 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.} 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l} 
(lC = 10 mAde, IB = O} 

Collector-Base Breakdown Voltage 
(lC = 10 pAde, IE = O} 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = O} 

Collector Cutoff Current 
(VCB = 30 Vde, IE = O} 

Emitter Cutoff Current 
(VEB = 4.0 Vde, IC = O} 

ON CHARACTERISTICS(1} 

DC Current Gain 
(lC = 0.1 mAde, VCE = 1.0 Vde} 
(lc = 1.0 mAde, VCE = 1.0 Vde} 
(lC = 10 mAde, VCE = 1.0 Vde} 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde} 

Base-Emitter Saturation Voltage 
(lC = 10 mAde,lB = 1.0 mAde} 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product(l} 
(lC = 10 mAde, VCE = 20 Vdc, f = 100 MHz} 

Output Capacitance 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz} 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz} PNP 

NPN 

(I) Pulse Test: Pulse Width", 300 p.s, Duty Cycle'" 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 

Unit 

Vde 

Vde 

Vde 

mAde 

Watts 
mWf'C 

Watts 
mWf'C 

°c 

MMpq&700* 
CASE 7518-05. STYLE 4 

SO-16 

PIN CONNECl1ONS 
DIAGRAM 

QUAD 
COMPLEMENTARY PAIR 

TRANSISTOR 

Symbol 

V(BR}CEO 

V(BR}CBO 

V(BR}EBO 

ICBO 

lEBO 

hFE 

VCE(sat} 

VBE(sat} 

tr 

Cob 

Cib 

PNP(2}INPN S1UCON 

* This is a Motorola 
designated preferred device. 

Min Max 

40 -

40 -
5.0 -

- 50 

- 50 

30 
50 -
70 -
- 0.25 

- 0.9 

200 -

- 4.5 

- 10 
- 8.0 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 

MHz 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vde 

Collector-Base Voltage VCB 30 Vde 

Emitter-Base Voltage VEB 4.0 Vde 

Collector Current - Continuous IC 200 mAde 

Four 
Each Transistors 

Transistor Equal Power 

Total Power Dissipation @ T A = 25'C PD 0.4 0.72 Watts 
Derate above 25°C 3.2 6.4 mWrC 

Total Power Dissipation @TC = 25'C PD 0.66 1.92 Watts 
Derate above 25°C 5.3 15.4 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 °c 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = to mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 10 !LAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 "Ade, IC = 0) 

Collector Cutoff Current 
(VCB = 20 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS(I) 

DC Current Gain 
(lc = 0.5 mAde, VCE = 1.0 Vdc) 
(lC = 1.0 mAde, VCE = 1.0 Vdc) 
(lC = to mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 0.5 mAde, IB = 0.05 mAde, O°C .. T .. 70°C) 

Base-Emitter Saturation Voltage 
(lC = 0.5 mAde, IB = 0.05 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Produet(l) 
(lC = 10 mAde, VCE = 20 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) PNP 

NPN 

SWITCHING CHARACTERISTICS (TA = 25°C, VCC = 5.0 Vde) 

Propagation Delay Time 
(50% Points TPt to TP3) 
(50% Points TP2 to TP4) 

Rise Time 
(0.3 V to 4.7 V, TP3 or TP4) 

Fall Time 
(4.7 V to 0.3 V, TP3 or TP4) 

(1) Pulse Test: Pulse Width", 300 p.s Duty Cycle'" 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

tr 

Cob 

Cib 

tpLH 
tpHL 

tr 

tf 

MMPQ6842 
CASE 751B-05, STYLE 4 

SO-16 

PIN CONNECTIONS 
DIAGRAM 

QUAD 
MPU CLOCK BUFFER 

TRANSISTOR 

PNP(Z)/NPN SILICON 

Min Typ Max 

30 - -

30 - -

4.0 - -

- - 50 

- - 50 

30 
50 - -
70 - -
- 0.05 0.15 

- 0.65 0.9 

200 350 -

- 3.0 4.5 

- 5.0 10 
- 4.0 8.0 

- 15 25 
- 6.0 15 

5.0 25 35 

5.0 10 20 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vdc 

Vde 

MHz 

pF 

pF 

ns 

ns 

ns 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Bias Resistor Transistor 
PNP Silicon Surface Mount Transistor with 
Monolithic Bias Resistor Network 

This new series of digital transistors is designed to replace a single device 
and its external resistor bias network. The BRT (Bias Resistor Transistor) 
contains a single transistor with a monolithic bias network consisting of two 
resistors; a series base resistor and a base-emitter resistor. The BRT eliminates 
these individual components by integrating them into a single device. The use 
of a BRT can reduce both system cost and board space. The device is housed 
in the SOT-23 package which is designed for low power surface mount 
applications. 

• Simplifies Circuit Design 

• Reduces Board Space 

• Reduces Component Count 

• The SOT-23 package can be soldered using wave or reflow. 
The modified gull-winged leads absorb thermal stress during 
soldering eliminating the possibility of damage to the die. 

• Available in 8 mm embossed tape and reel 
Use the Device Number to order the 7 inch/3000 unit reel. 
Replace "11" with ''T3" in the Device Number to order the 
13 inchll0,OOO unit reel. 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector Current 

Total Power Dissipation @ TA = 25°C(1) 
Derate above 25°C 

THERMAL CHARACTERISTICS 

Rating 

Thermal Resistance - Junction-to-Ambient (surface mounted) 

Operating and Storage Temperature Range 

Maximum Temperature for Soldering Purposes, 
Time in Solder Bath 

DEVICE MARKING AND RESISTOR VALUES 

Device Marking 

MMUN2111LTl A6A 
MMUN2112LT1 A6B 
MMUN2113LTl A6C 
MMUN2114LTl A6D 
MMUN2115LT1(2) A6E 
MMUN2116LT1(2) A6F 
MMUN2130LT1(2) A6G 
MMUN2131LT1(2) A6H 
MMUN2132LT1(2) A6J 
MMUN2133LT1(2) A6K 
MMUN2134LT1(2) A6L 

PIN2 
EMrTfER 
(GROUND) 

Symbol 

VCBO 

VCEO 

IC 

Po 

Symbol 

RaJA 

TJ. Tstg 

TL 

R1 (K) 

10 
22 
47 
10 
10 
4.7 
1.0 
2.2 
4.7 
4.7 
22 

MMUN2111 LT1 
SERIES 

Motorola Preferred Devices 

PNPSILICON 
BIAS RESISTOR 

TRANSISTOR 

,~' 
2 

CASE 318-07, STYLE 6 
SOT-23 (TQ-236AB) 

Value Unit 

50 Vdc 

50 Vdc 

100 mAdc 

200 mW 
1.6 mWfOC 

Valua Unit 

625 °CIW 

-65 to +150 °C 

260 °C 
10 Sec 

R2(K) 

10 
22 
47 
47 
00 

00 

1.0 
2.2 
4.7 
47 
47 

1. DeVice mounted on a FR-4 glass epoxy printed circuH board using the minimum recommended footprint. 
2. New devices. Updated curves to follow in subsequent data sheets. 

P ..... rrecI devices are Motorola recommended choices for future use and best overall value. 

(Replaces MMUN2111T1/D) 
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MMUN2111LT1 SERIES 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Base Cutoff Current (VCB = 50 V, IE = 0) ICBO - - 100 nAde 

Collector-Emitter Cutoff Current (VCE = 50 V, IB = 0) ICEO - - 500 nAde 

Emitter-Base Cutoff Current MMUN2111LTl lEBO - - 0.5 mAde 
(VEB = 6.0 V, IC = 0) MMUN2112LTl - - 0.2 

MMUN2113LTl - - 0.1 
MMUN2114LTl - - 0.2 
MMUN2115LTl - - 0.9 
MMUN2116LT1 - - 1.9 
MMUN2130LTl - - 4.3 
MMUN2131LTl - - 2.3 
MMUN2132LTl - - 1.5 
MMUN2133LTl - - 0.18 
MMUN2134LTl - - 0.13 

Collector-Base Breakdown Voltage (IC = 1 0 ~, IE = 0) V(BR)CBO 50 - - Vde 

Collector-Emitter Breakdown Voltage(3) (IC = 2.0 rnA, IB = 0) V(BR)CEO 50 - - Vde 

ON CHARACTERISTICS(3) 

DC Current Gain MMUN2111LTl hFE 35 60 -
(VCE = 10 V, IC = 5.0 rnA) MMUN2112LTl 60 100 -

MMUN2113LTl 80 140 -
MMUN2114LT1 80 140 -
MMUN2115LTl 160 250 -
MMUN2116LTl 160 250 -
MMUN2130LTl 3.0 5.0 -
MMUN2131LTl 8.0 15 -
MMUN2132LT1 15 27 -
MMUN2133LTl 80 140 -
MMUN2134LTl 80 130 -

Collector-Emitter Saturation Voltage (IC = lOrnA, IE = 0.3 rnA) 
(IC = 10 rnA, IB = 5 rnA) MMUN2130LT1/MMUN2131LTl 

VCE(sat) - - 0.25 Vde 

(IC = 10 rnA, IB = 1 rnA) MMUN2115LT1IMMUN2116LT1/ 
MMUN2132LT1IMMUN2133LT1/MMUN2134LTl 

Output Voltage (on) VOL Vde 
(VCC = 5.0 V, VB = 2.5 V, RL= 1.0 kQ) MMUN2111LTl - - 0.2 

MMUN2112LTl - - 0.2 
MMUN2114LTl - - 0.2 
MMUN2115LTl - - 0.2 
MMUN2116LTl - - 0.2 
MMUN2130LTl - - 0.2 
MMUN2131LT1 - - 0.2 
MMUN2132LTl - - 0.2 
MMUN2133LTl - - 0.2 
MMUN2134LTl - - 0.2 

(VCC = 5.0 V, VB = 3.5 V, RL = 1.0 kQ) MMUN2113LTl - - 0.2 

3. Pulse Test: Pulse Width < 300 11S, Duty Cycle < 2.0% 
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MMUN2111LT1 SERIES 

ELECTRICAL CHARACTERISTICS Continued (T A = 25°e unless otherwise noted) 

Characteristic Symbol Min 

Output Voltage (off) (Vee = 5.0 V, VB = 0.5 V, RL = 1.0 Iill) VOH 4.9 
(Vee = 5.0 V, VB = 0.25 V, RL = 1.0 Iill) MMUN2115LTl 

MMUN2116LTl 
MMUN2131LT1 
MMUN2132LTl 

(Vee = 5.0 V, VB = 0.050 V, RL = 1.0 Iill) MMUN2130LTl 

Input Resistor MMUN2111LTl Rl 7.0 
MMUN2112LTl 15.4 
MMUN2113LT1 32.9 
MMUN2114LTl 7.0 
MMUN2115LTl 7.0 
MMUN2116LTl 3.3 
MMUN2130LTl 0.7 
MMUN2131LTl 1.5 
MMUN2132LTl 3.3 
MMUN2133LTl 3.3 
MMUN2134LTl 15.4 

Resistor Ratio MMUN2111 LT1IMMUN2112LTl/MMUN2113LTl Rl/R2 0.8 
MMUN2114LTl 0.17 
MMUN2115LT1IMMUN2116LTl -
MMUN2130LT1IMMUN2131LTl/MMUN2132LTl 0.8 
MMUN2133LT1 0.055 

250 
u; 
~ 200 
~ 
~ "-

" z 150 Q 

~ en 
S!l 100 c 
a: 

~ 50 

"-
"-
" Rs A = 6251 CIW "-

d? 

o 50 100 

TAo AMBIENT TEMPERATURE (OC) 

Figure 1. Derating Curve 

Typ Max Unit 

- - Vdc 

10 13 kG 
22, 28.6 
47 61.1 
10 13 
10 13 
4.7 6.1 
1.0 1.3 
2.2 2.9 
4.7 6.1 
4.7 6.1 
22 28.6 

1.0 1.2 
0.21 0.25 
- -
1.0 1.2 
0.1 0.185 

I\. 

"' 150 
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MMUN2111LT1 SERIES 

TYPICAL ELECTRICAL CHARACTERISTICS - MMUN2111 LT1 
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Figure 6. Input Voltage versus Output Current 
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MMUN2111LT1 SERIES 

TYPICAL ELECTRICAL CHARACTERISTICS - MMUN2112LT1 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Bias Resistor Transistor 
NPN Silicon Surface Mount Transistor with 
Monolithic Bias Resistor Network 

This new series of digital transistors is designed to replace a single device 
and its external resistor bias network. The BRT (Bias Resistor Transistor) 
contains a single transistor with a monolithic bias network consisting of two 
resistors; a series base resistor and a base-emitter resistor. The BRT eliminates 
these individual components by integrating them into a single device. The use 
of a BRT can reduce both system cost and board space. The device is housed 
in the SOT-23 package which is designed for low power surface mount 
applications. 

• Simplifies Circuit Design 

• Reduces Board Space 

• Reduces Component Count 

• The SOT-23 package can be soldered using wave or reflow. 
The modified gull-winged leads absorb thermal stress during 
soldering eliminating the possibility of damage to the die. 

• Available in 8 mm embossed tape and reel 
Use the Device Number to order the 7 inch/3000 unit reel. 
Replace "T1" with "T3" in the Device Number to order the 
13 inch/1 0,000 unit reel. 

MAXIMUM RATINGS (T A = 25'C unless otherwise noted) 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector Current 

Total Power Dissipation @ TA = 25'C(1) 
Derate above 25'C 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-to-Ambient (surface mounted) 

Operating and Storage Temperature Range 

Maximum Temperature for Soldering Purposes, 
TIme in Solder Bath 

DEVICE MARKING AND RESISTOR VALUES 

Device Marking 

MMUN2211LT1 ABA 
MMUN2212LT1 ABB 
MMUN2213LT1 ABC 
MMUN2214LT1 ABD 
MMUN2215LT1 (2) ABE 
MMUN2216LT1(2) ABF 
MMUN2230LT1(2) ABG 
MMUN2231 LT1 (2) ABH 
MMUN2232LT1 (2) ABJ 
MMUN2233LT1 (2) ABK 
MMUN2234LT1(2) ABL 

PIN2 
EMmER 
(GROUND) 

Symbol 

VCBO 

VCEO 

IC 

PD 

R9JA 

TJ, Tstg 

TL 

R1 (K) 

10 
22 
47 
10 
10 
4.7 
1 

2.2 
4.7 
4.7 
22 

MMUN2211 LT1 
SERIES 

Motorola Preferred Devices 

NPN SILICON 
BIAS RESISTOR 

TRANSISTOR 

CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 

Value Unit 

50 Vdc 

50 Vdc 

100 mAdc 

200 mW 
1.6 mW/"C 

625 'CIW 

-65 to +150 'c 
260 'C 
10 Sec 

R2(K) 

10 
22 
47 
47 
~ 

~ 

1 
2.2 
4.7 
47 
47 

1. Device mounted on a FR-4 glass epoxy printed circuit board using the minimum recommended footprint. 
2. New devices. Updated curves to follow in subsequent data sheets. 
Preferred devices are Motorola recommended choices for future use and best overall value. 

(Replaces MMUN2211T1/D) 
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MMUN2211LT1 SERIES 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Base Cutoff Current (VCB = 50 V, IE = 0) ICBO - - 100 nAdc 

Collector-Emitter Cutoff Current (V CE = 50 V, IB = 0) ICEO - - 500 nAdc 

Emitter-Base Cutoff Current MMUN2211LTI lEBO - - 0.5 mAdc 
(VEB = 6.0 V, IC = 0) MMUN2212LTI - - 0.2 

MMUN2213LTI - - 0.1 
MMUN2214LTt - - 0.2 
MMUN2215LTI - - 0.9 
MMUN2216LTI - - 1.9 
MMUN2230LTt - - 4.3 
MMUN2231 LTI - - 2.3 
MMUN2232LTI - - 1.5 
MMUN2233LTI - - 0.18 
MMUN2234LTI - - 0.13 

Collector-Base Breakdown VoHage (IC = 10 1lA, IE = 0) V(BR)CBO 50 - - Vdc 

Collector-Emitter Breakdown Voltage(3) (IC = 2.0 rnA, IB = 0) V(BR)CEO 50 - - Vdc 

ON CHARACTERISTlCS(3) 

DC Current Gain MMUN2211LTI hFE 35 60 -
(VCE = 10 V, IC = 5.0 rnA) MMUN2212LTt 60 100 -

MMUN2213LTI 80 140 -
MMUN2214LTI 80 140 -
MMUN2215LTI 160 350 -
MMUN2216LTI 160 350 -
MMUN2230LTI 3.0 5.0 -
MMUN2231LTI 8.0 15 -
MMUN2232LTt 15 30 -
MMUN2233LTI 80 200 -
MMUN2234LTI 80 150 -

Collector-Emitter Saturation Voltage (Ie = 10 rnA, IB = 0.3 rnA) VeE(sat) - - 0.25 Vdc 
(Ie = lOrnA, IB = 5 rnA) MMUN2230LTtIMMUN2231 LTI 
(Ie = 10 rnA, IB = 1 rnA) MMUN2215LT1IMMUN2216LTl 

MMUN2232LTtIMMUN2233LT1IMMUN2234LTI 

Output Voltage (on) VOL Vdc 
(Vee = 5.0 V, VB = 2.5 V, RL = 1.0 kIJ) MMUN2211LTI - - 0.2 

MMUN2212LTI - - 0.2 
MMUN2214LTt - - 0.2 
MMUN2215LTt - - 0.2 
MMUN2216LTI - - 0.2 
MMUN2230LTI - - 0.2 
MMUN2231 LTI - - 0.2 
MMUN2232LTI - - 0.2 
MMUN2233LTI - - 0.2 
MMUN2234LTt - - 0.2 

(VCC = 5.0 V, VB = 3.5 V, RL = 1.0 kIJ) MMUN2213LTI - - 0.2 

Output Voltage (off) (Vee = 5.0 V, VB = 0.5 V, RL = 1.0 kIJ) VOH 4.9 - - Vdc 
(VCC = 5.0 V, VB = 0.050 V, RL = 1.0 kIJ) MMUN2230LTI 
(Vec = 5.0 V, VB = 0.25 V, RL = 1.0 kIJ) MMUN2215LTI 

MMUN2216LTI 
MMUN2233LTI 

3. Pulse Test: Pulse Width < 300 jIS, Duty Cycle < 2.0%. 
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MMUN2211LT1 SERIES 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted) 

Cherecterlstic Symbol Min Typ Max Unit 

Input Resistor MMUN2211LTl Rl 7.0 10 13 kQ 
MMUN2212LTl 15.4 22 28.6 
MMUN2213LT1 32.9 47 61.1 
MMUN2214LTl 7.0 10 13 
MMUN2215LTl 7.0 10 13 
MMUN2216LTl 3.3 4.7 6.1 
MMUN2230LTl 0.7 1.0 1.3 
MMUN2231LTl 1.5 2.2 2.9 
MMUN2232LT1 3.3 4.7 6.1 
MMUN2233LTl 3.3 4.7 6.1 
MMUN2234LTl 15.4 22 28.6 

Resistor Ratio MMUN2211LT1IMMUN2212LT1/MMUN2213LTl R1IR2 0.8 1.0 1.2 
MMUN2214LTl 0.17 0.21 0.25 
MMUN2215LT1IMMUN2216LTl - - -
MMUN2230LT1IMMUN2231 LT1/MMUN2232LT1 0.8 1.0 1.2 
MMUN2233LTl 0.055 0.1 0.185 
MMUN2234LTl 0.38 0.47 0.56 
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MMUN2211LT1 SERIES 

TYPICAL ELECTRICAL CHARACTERISTICS - MMUN2211 LT1 
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MMUN2211LT1 SERIES 

TYPICAL ELECTRICAL CHARACTERISTICS - MMUN2212LT1 
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MMUN2211LT1 SERIES 
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MMUN2211LT1 SERIES 

2-232 

TYPICAL APPLICATIONS FOR NPN BRTs 

+12V 

I 
I 

ISOLATED 
LOAD 

r--:-{!----: 
I L-__ ~ L _________ .J 

Figure 22. Level Shifter: Connects 12 or 24 Volt Circuits to Logic 

Vee 

OUT 

::-

Figure 23. Open Collector Inverter: Inverts 
the Input Signal 

+12V 

::- ::-
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MAXIMUM RATINGS 

Rating Symbol MP02222 MP02222A 

Collector-Emitter Voltage VCEO 30 40 

Collector-Base Voltage VCBO 60 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 500 

Each Total 
Transistor Device 

Total Device Dissipation @ T A = 25'C PD 0.65 1.9 
Derate above 25'C 5.2 15.2 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lC = 10 mAde, IB = 0) MP02222 

MP02222A 

Collector-Base Breakdown Voltage 
(lC = 10 pAde, IE = 0) MP02222 

MP02222A 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) MP02222 

MP02222A 

Collector Cutoff Current 
(VCB = 50 Vde, IE = 0) MP02222 
(VCB = 60 Vde, IE = 0) MP02222A 

Em itter Cutoff Cu rrent 
(VEB = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) 
(lC = 100 pAde, VCE = 10 Vde) MP02222A 
(lC = 1.0 mAde, VCE = 10 Vde) MP02222A 
(lC = 10 mAde, VCE = 10 Vde) MP02222,A 
(lC = 150 mAde, VCE = 10 Vde) MP02222,A 
(lc = 300 mAde, VCE = 10 Vde) MP02222 
(lC = 500 mAde, VCE do 10 Vde) MPQ2222A 

Collector-Emitter Saturation Voltage 
(lC = 150 mAde, IB = 15 mAde) MP02222 

MP02222A 
(lC = 300 mAde, IB = 30 mAde) MP02222 
(lC = 500 mA, IB = 50 mAl MP02222A 

Base-Emitter Saturation Voltage 
(lC =·150 mAde, IB = 15 mAde) MP02222 

MP02222A 
(lC = 300 mAde, IB = 30 mAde) MP02222 
(lC = 500 mA. IB = 50 mAl MP02222A 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

Watts 
mWf'C 

·C 

MPQ2222,A* 

-, i~!¢i:~":i 
234567 

CASE 646-06, STYLE 1 
TO-116 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

QUAD 
GENERAL PURPOSE 

TRANSISTORS 
NPN SILICON 

*MP02222A is a Motorola 
designated preferred device. 

Refer to MD2218 for graphs. 

Min Max 

40 -
40 -

60 -
75 -

5.0 -
6.0 -

- 50 
- 10 

- 100 

35 -
50 -
75 -
100 300 
30 -
40 -

- 0.4 
- 0.3 
- 1.6 
- 1.0 

- 1.3 
0.6 1.2 
- 2.6 
- 2.0 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 
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MPQ2222.A 

ELECTRICAL CHARACTERISTICS - Continued (TA = 25"C unless otherwise noted.) 

I Characteristic I Symbol Min Max Unit 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(l) 
(lC = 20 mAde, VCE = 20 Vdc, f = 100 MHz) 

Output Capacitance (VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance (VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On TIme 
(VCC = 30 Vdc, VBE(off) = -0.5 Vdc, 
IC = 150 mAdc,lBl = 15 mAde) 

Turn-Off Time 
(VCC = 30 Vdc, IC = 150 mAde, 
IBl = IB2 = 15 mAde) 

(1) Pulse Test: Pulse Width .. 300 "'s, Duty Cycle .. 2.0%. 

RGURE 1 - DELAY AND RISE nME 
EQUIVALENT TEST CIRCUIT 

GENERATOR RISE TIME,," 2.0 n. 
PW,," 200n. 
DUTY CYCLE = 2.11% 

+30 V 

200 

.-n ". 
0.5 V SCOPE 

-= Rin> 100 k ohm. 
Cin"" 12pF 
RISE TIME,," 5.0 ns 

2-234 

MPQ2222A 

MPQ2222A 

DUTY CYCLE = 2.11% 

1,- 200 -

Cobo - B.O 

Cibo - 30 

ton - 35 

toff - 285 

RGURE 2 - STORAGE nME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 

+30 V 

MHz 

pF 

pF 

ns 

ns 

l-rrr~ ~O:.:~ 
+16.2 V 

<>-'INV-...r-t. 

200 

-3.0 V 

SCOPE 
Rin> 100 k ohms 
Cin"" 12pF 
RISE TIME .. 5.0 ns 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 15 

Collector-Base Voltage VCBO 40 

Emitter-Base Voltage VEBO 4.5 

Collector Current - Continuous IC 500 

Each Total 
Transistor Device 

Total Device Dissipation @ TA = 25'C PD 0.5 1.5 
Derate above 25'C 5.0 15 

Operating and Storage Junction TJ, Tstg -55 to + 125 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) (lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage (lc = 10 !LAde, IE = 0) 

Emitter-Base Breakdown Voltage (IE = 10 !LAde, IC = 0) 

Collector Cutoff Current (VCB = 20 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) (lc = 10 mAde, VCE = 1.0 Vde) 
(lC = 100 mAde, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage (lC = 10 mAde, IB = 1.0 mAde) 

Base-Emitter Saturation Voltage (lC = 10 mAde, IB = 1.0 mAde) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(VCC = 3.0 Vde, VBE = 1.5 Vde, IC = 10 mAde, IBI = 3.0 mAde) 

Turn-Off Time 
(VCC = 3.0 Vde, IC = 10 mAde, IBI = 3.0 mAde, IB2 = 1.5 mAde) 

(1) Pulse Test: Pulse W,dth .. 300 p.s, Duty Cycle = 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

Watts 
mWrC 

'c 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

hFE 

VCE(sat) 

VBE(sat) 

IT 

Cobo 

Cibo 

ton 

toff 

MPQ2369* 

CASE 646-06, STYLE 1 
TO-116 

QUAD 
SWITCHING TRANSISTOR 

NPN SILICON 

*11Iis is a Motorola 
designated preferred device. 

Refer to MD2369 for graphs. 

Min Typ Max 

15 - -
40 - -
4.5 - -
- - 0.4 

40 - -
20 - -
- - 0.25 

- - 0.9 

450 550 -

- 2.5 4.0 

- 3.0 5.0 

- 9.0 -

- 15 -

Unit 

Vde 

Vdc 

Vde 

!LAde 

-

Vde 

Vde 

MHz 

pF 

pF 

ns 

ns 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 40 

COllector-Base Voltage VCBO 60 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous IC 50 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@ TA = 25'C(I) 500 900 
Derate above 25'C 4.0 7.2 

Total Device Dissipation Po 
@Tc=25'C 0.825 2.4 
Derate above 25'C 6.7 19.2 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 134 

Coupling Factors 01-04 or 02-03 34 70 
01-02 or 03-04 2.0 26 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
(lC = 10 mAde, IB = 0) 

Collector·Base Breakdown Voltage 
(lC = 10 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 45 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(2) 
(lC = 0.1 mAde, VCE = 5.0 Vde) MP02483 

MPQ2484 

(lc = 1.0 mAde, VCE = 5.0 Vde) MP02483 
MP02484 

(lC = 10 mAde, VCE = 5.0 Vde) MP02483 
MP02484 

Collector-Emitter Saturation Voltage 
(lc = 1.0 mAde, IB = 0.1 mAde) 
(lC = 10 mAde, IB = 1.0 mAde) 

Base-Emitter Saturation Voltage(2) 
(lC = 100 pAde, VCE = 5.0 Vde) 
(lC = 10 mAde, VCE = 5.0 Vde) 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWI'C 

Watts 
mWI'C 

'c 

Unit 

'C/W 
'c/w 

% 
% 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

MPQ2483 
MPQ2484* 

CASE 646-06, STYLE 1 
TO-116 

-1 

QUAD 
AMPLIFIER TRANSISTORS 

NPNSIUCON 

*Thls is a Motorola 
designated preferred device. 

Min Typ Max 

40 - -

60 - -

6.0 - -

- - 20 

- - 20 

100 - -
200 - -
150 - -
300 - -
150 - -
300 - -

- 0.13 0.35 
- 0.15 0.5 

- 0.58 0.7 
- 0.70 0.8 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 
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MPQ2483 MPQ2484 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 50 100 - MHz 
(lC = 500 J-tAdc, VCE = 5.0 Vdc, f = 20 MHz) 

Input Capacitance Cibo - 4.0 B.O pF 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

Collector-Base Capacitance Ccb - 1.8 6.0 pF 
(VCB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Noise Figure NF dB 
(lC = 10 J-tAdc, VCE = 5.0 Vdc, RS = 10 k ohms, MP02483 - 3.0 -
f = 1.0 kHz, BW = 10 kHz) MPQ2484 - 2.0 -

(21 Pulse Test: Pulse Width", 300 I'S, Duty Cycle'" 2.0%. 
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MAXIMUM RATINGS 
MPQ2906 MPQ2907A 

Rating Symbol MPQ2907 

Collector-Emitter Voltage VCEO -40 -60 

Collector-Base Voltage VCBO -60 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -600 

Each Total 
Transistor Device 

Total Device Dissipation @ T A = 25°C PD 0.65 1.9 
Derate above 25°C 6.5 19 

Operating and Storage Junction TJ, Tstg -55 to +125 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = -10 mAde, IB = 0) MPQ2906, MPQ2907 

MPQ2907A 

Collector-Base Breakdown Voltage (lC = -10 ,.Ade, IE = 0) 

Emitter-Base Breakdown Voltage (IE = -10,.Ade, IC = 0) 

Collector Cutoff Current 
(VCB = -30 Vde, IE = 0) MPQ2906, MP02907 
(VCB = - 50 Vde, IE = 0) MP02907A 

Emitter Cutoff Current (VEB = - 3.0 Vde, IE = 0) MPQ2906,7 Only 

ON CHARACTERIS11CS 

DC Current Gain(l) 
(lc = -100 ,.Ade, VCE = -10 Vde) MPQ2907A 
(lC = -1.0 mAde, VCE = -10 Vde) MPQ2907A 
(lC = -10 mAde, VCE = -10 Vde) MPQ2906 

MPQ2907 
(lC = -10 mAde, VCE = -10 Vde) MPQ2907A 
(lC = -150 mAde, VCE = -10 Vde) MP02907A 
(lC = -150mAde,VCE = -10Vde) MPQ2906 

MPQ2907 
(lC = -300 mAde, VCE = -10 Vde) MPQ2906 

MPQ2907 
(lC = -500 mAde, VCE = -10 Vde) MPQ2907A 

Collector-Emitter Saturation Voltage(1) 
(lC = -150 mAde, IB = -15 mAde) 
(lC = - 300 mAde, IB = - 30 mAde) MPQ2906, MP02907 
(lC = -500 mA, IB = -500 mAl MPQ2907A 

Base-Emitter Saturation Voltage(1) 
(lC = -150 mAde, IB = -15 mAde) MPQ2906, MP02907 
(lC = -300 mAde, IB = -30 mAde) MPQ2906, MP02907 
(lC = -500 mA. IB = -50 mAl MP02907A 

Rev 3 

Unit 

Vde 

Vde 

Vde 

mAde 

Watts 
mWrC 

°c 

MPQ2906 
MPQ2907,A* 

CASE 646-06, STYLE 1 
TO-116 

•. " """ .. 
1i¢I:i¢i1 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

1234567 

QUAD 
GENERAL PURPOSE 

TRANSISTORS 
PNPSILICON 

*MP02907A is a Motorola 
designated prafewed device. 

Refer to MD2905 for graphs. 

Min Max 

-40 -
-60 -
-60 -
-5.0 -
- -50 

- -50 

75 -
100 -
35 -
75 -
100 -
100 300 
40 -
100 -
20 -
30 -
50 -

- -0.4 
- -1.6 
- -1.6 

- -1.3 
- -2.6 
- -2.6 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 
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MPQ2906 MPQ2907,A 

ELECTRICAL CHARACTERISTICS - Continued (TA = 25'C unless otherwise noted.) 

I Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -50 mAdc, VCE = -20 Vdc, f = 100 MHz) 

Output Capacitance, (VCB = -10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance, (VEB = 2.0 Vdc, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(VCC = -30 Vdc, IC = -150 mAdc, 

IBI = 15 mAdc) MP02907A Only 

Turn-Off Time 
(VCC = -6.0 Vdc,IC = -150 mAdc, 

IBI = IB2 = 15 mAdc) MP02907A Only 

(1) Pulse Test: Pulse Width .. 300 /LS, Duty Cycle .. 2.0%. 

FIGURE 1 - DELAY AND RISE 
TIME TEST CIRCUIT 

INPUT Z.· son 
PRF = 150 PPS 
RISE TIME" 2.0 os 

1.0 k 

50 

-30 

200 

TO OSCI LLOSCOPE 
RISE TIME" 5.0 ns 

-= 

INPUT 
Zo=50l! 
PRF· 150 PPS 
RISE TIME" 2.0 .. 

0:U-
-J 200n. l 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

tr 200 - MHz 

Cobo - B.O pF 

Cibo - 30 pF 

ton - 45 ns 

toff - 180 ns 

FIGURE 2 - STORAGE AND FALL 
TIME TEST CIRCUIT 

+ISV -6.0 

1.0 k 31 

TO OSCILLOSCOPE 
1.0 k RISE TIME .. 5.0 no 

50 lN916 

-= -= -= 
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MAXIMUM RAnNGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO -40 

Collector-Base Voltage VCBO -40 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -1.0 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@ TA = 25·C(1) 650 1500 
Derate above 25·C 5.2 12 

Total Device Dissipation Po 
@TC = 25"C 1.25 3.2 
Derate above 25·C 10 25.6 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

(1) Second Breakdown occurs at power levels greater than 2 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 

R8JC R8JA 
Junction to Junction to 

Characteristic Case Ambient 

Thermal Resistance Each Die 100 193 
Effective, 4 Die 39 83.2 

Coupling Factors 01-04 or Q2-03 45 55 
01-02 or 03-04 5.0 10 

ELECTRICAL CHARACTERISncs (TA = 25"C unless otherwise noted.) 

Unit 

Vdc 

Vde 

Vde 

Adc 

mW 
mWrC 

Watts 
mWrC 

·C 

Unit 

·CIW 
"CIW 

% 
% 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(lC = -10 mAde,lB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = -10 /LAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10/LAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = -30 Vde, IE = 0) 

Emitter Cutoff Current lEBO 
(VEB = -3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(2) hFE 
(lc = - 500 mAde, VCE = -1.0 Vde) 

Collector-Emitter Saturation Voltage(2) VCE(sat) 
(lC = -500 mAde,lB = -50 mAde) 

Base-Emitter Saturation Voltage(2) VBE(sat) 
(lc = -500 mAde, IB = -50 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(lC = -50 mAde, VCE = -10 Vde, f = 100 MHz) 

Output Capacitance Cobo 
(VCB = -10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VEB = -0.5 Vde,lc = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 
(lC = -500 mAde,IB1 = -50 mAde) 

Turn-Off Time toff 
(lC = -500 mAde,IB1 = IB2 = -50 mAde) 

(2) Pulse Test: Pulse Width'" 300 ,.s, Duty Cycle'" 2.0%. 

MPQ3467* 
CASE 646-06, STYLE 1 

TO-116 

-1 

QUAD 
MEMORY DRIVER TRANSISTOR 

PNPSILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N3467 in Section 3 for graphs. 

Min Typ Max Unit 

-40 - - Vdc 

-40 - - Vde 

-5.0 - - Vde 

- - -200 nAde 

- - -200 nAde 

-20 - - -

- -0.23 -0.5 Vde 

- -0.90 -1.2 Vde 

125 190 - MHz 

- 10 25 pF 

- 55 80 pF 

- - 40 ns 

- - 90 ns 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

Collector-Emitter Voltage VCES 60 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous IC 1.0 Adc 

Four 
One Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25"C 1.0 2.5 Watts 
Derate above 25"C 8.0 20 mWrC 

Operating and Storage Junction TJ, Tstg -55to +150 "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristics I Symbol Max Unit 

Effective 
One For Four 

Transistor Transistors 

Thermal Resistance, I R/IJA 125 50 "CIW 
Junction to Ambient(l) 

(1) R/IJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(lC = 10 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(lC = 100 !lAde, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 !lAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 40 Vde, IE = 0) 

ON CHARACTERISTlCS(2) 

DC Current Gain hFE 
(lC = 100 mAde, VCE = 1.0 Vdc) 
(lC = 500 mAde, VCE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 500 mAde, IB = 50 mAde) 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = 500 mAde, IB = 50 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(lC = 50 mAde, VCE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

(2) Pulse Test: Pulse Width" 300 1'0, Duty Cycle" 2.0%. 

Rev 3 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MPQ372S* 
CASE 646-06, STYLE 1 

TO-116 

-1 

QUAD 
CORE DRIVER TRANSISTOR 

NPNSIUCON 

*This is a Motorola 
designated preferrad device. 

Refer to MM3725 in Section 3 for graphs. 

Min Typ Max Unit 

40 - - Vdc 

60 - - Vdc 

5.0 - - Vde 

- - 0.5 !lAde 

-
35 75 200 
25 45 -
- 0.32 0.45 Vdc 

0.8 0.9 1.1 Vde 

250 275 - MHz 

- 5.1 10 pF 

- 62 80 pF 
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MPQ3725 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25"<: unless otherwise noted.) 

I Characteristic I Symbol Min 

SWITCHING CHARACTERISTICS 

Tum-On Time ton -
(Ie = 500 mAde,IB1 = 50 mAde, VBE(off) = -3.8 Vde) 

Turn-Off Time toff -
(Ie = 500 mAde, IB1 = IB2 = 50 mAde) 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

Pulse Generator 
t r • tf ~ 1.0 ns 

PW"'1.0I's 
Zin = 50 n 

Duty Cycle ~ 2.0% 

-3.B V +30 V 

15 

1.0k 

43 

1.0 l'F 
~To 

Sampling 
Oscilloscope 

Zin ;'100 kn 
tr <1.0 ns 

Typ Max Unit I 

20 35 ns 

50 60 ns 
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MAXIMUM RATINGS 

RatIng Symbol Value Unit 

Coliector·Emitter Voltage VCEO -40 Vde 

Coliector·Base Voltage VCBO -40 Vde 

Emitter·Base Voltage VEBO -5.0 Vde 

Collector Current - Continuous IC -1.5 Ade 

Four 
Each Translston 

Transistor Equal Power 

Total Device Dissipation Po 
@TA = 25"<: 750 1700 mW 
Derate above 25"C 5.98 13.6 mW/"C 

Total Device Dissipation Po 
@TC = 25"<: 1.25 3.2 Watts 
Derate above 25"C 10 25.6 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ. Tstg -55 to +150 "<: 

THERMAL CHARACTERISTICS 

Junction to Jllnction to 
Characteristic Case Ambient Unit 

Thermal Resistance( 1) Each Die 100 167 "C/W 
Effective, 4 Die 39 73.5 "<:/W 

Coupling Factors 01·04 or 02·03 46 56 % 
01·02 or Q3..04 5.0 10 % 

(1) RI/JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (T A = 25"<: unless otherwise noted.) 

Characteristic I Symbol 

OfF CHARACTERlsnCS 

Coliector·Emitter Breakdown Voltage(2) V(BR)CEO 
(lC = -10 mAde,lB = 0) 

Coliector·Base Breakdown Voltage V(BR)CBO 
(lc = -10 "Adc, IE = 0) 

Emitter·Base Breakdown Voltage V(BR)EBO 
(IE = -10 "Ade, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = -30 Vde, IE = 0) 

Emitter Cutoff Current lEBO 
(VEB = -3.0 Vde,lc = 0) 

ON CHARACTERI&nCS(2) 

DC Current Gain hFE 
(lc = -150mAde,VCE = -1.0Vde) 
(lC = -500 mAde, VCE = -2.0 Vde) 
(lC = -1.0Ade,VCE = -2.0Vde) 

Coliector·Emitter Saturation Voltage VCE(sat) 
(lc = -500 mAde, IB = -50 mAde) 
(lc = -1.0Ade,IB = -100 mAde) 

Base·Emitter Saturation Voltage VBE(sat) 
(lC = -500 mAde, IB = -50 mAde) 
(lC = -1.0 Ade,IB = -100 mAde) 

SMALL..sIGNAL CHARACTERISTICS 

Current·Gain - Bandwidth Product(2) tr 
(lC = -50 mAde, VCE = -10 Vde, f = 100 MHz) 

Output Capacitance (VCB = -10 Vdc, IE = 0, f = 1.0 MHz) Cobo 

Input Capacitance (VEB = - 0.5 Vdc, IC = 0, f = 1.0 MHz) Cibo 
SWITCHING CHARACTERISTICS 

Turn·On TIme ton 
(VCC = -30 Vdc,IC = -1.0 Adc, IBI = -100 mAde, 
VBE(off) = 2.0 Vdc) 

Turn·Off TIme toff 
(VCC = -30 Vde, IC = -1.0 Ade,lBl = IB2 = -100 mAde) 

121 Pulse Test: Pulse Width'" 300 ,.s, Duty Cycle", 2.0%. 
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MPQ3762 
CASE 64&-06, STYLE 1 

TO-116 

-1 

QUAD 
MEMORY DRIVER TRANSISTOR 

PNPSIUCON 

Refer to 2N3487 in Section 3 for graphs. 

Min Typ Max Unit 

-40 - - Vdc 

-40 - - Vde 

-5.0 - - Vdc 

- - -100 nAde 

- - -100 nAde 

-
35 70 -
30 65 -
20 35 -

Vde 
- -0.3 -0.55 
- -0.6 -0.9 

Vde 
- -0.9 -1.25 
- -1.0 -1.4 

150 275 - MHz 

- 9.0 15 pF 

- 55 80 pF 

- - 50 ns 

- - 120 ns 
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MPQ3762 

FIGURE 1 - TURN-ON 

+2;OVlf ~_30V 0- -
30 

. 100 
-11.1 V 

PW= 2oon. 
Rise Time 0;;;2.0 ns 
DC 0;;;2.0% -=-

2-244 

EQUIVALENT TEST CIRCUITS 
FIGURE 2 - TURN-OFF 

S<:ope 

rP8 .9V 

o __ .!....J_ 
I I 
I I 

-".'V ~ I I tl t21--
t3 14-1 

10<tl < 600". 
t2 < 10 n. 
t3>1.0". 

-30 V 

100 

lN916 

+4.0 V 

30 

Scope 
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MAXIMUM RATINGS 
Rating Symbol MP03798 MP03799 

Collector-Emitter Voltage VCEO -40 -60 

Collector-Base Voltage VCBO -60 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -50 

Four 
Each Transistors 

Translator Equal Power 
Total Deviee Dissipation Po 

@ TA = 25°C(1) 0.5 0.9 
Derate above 25°C 4.0 7.2 

Total Deviee Dissipation Po 
@TC=25"C 0.825 2.4 
Derate above 25"C 6.7 19.2 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

(1) Second breakdown oeeurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 

R8JC R8JA 
Junction to Junction to 

Charac:teriatic Case Ambient 

Thermal Resistance Eaeh Die 151 250 
Effective, 4 Die S2 139 

Coupling Factors 01-04 or 02-03 34 70 
01-02 or 03-04 2.0 26 

ELECTRICAL CHARACTERISTICS (T A = 2S'C unless otherwise noted.) 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mWrc 

Watts 
mrC 

"C 

Unit 

°CIW 
°CIW 

% 
% 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(lc = -10 mAde, 'B = 0) MP03798 

MP03799 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = -10 pAde, 'E = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10 pAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = -50 Vde, IE = 0) 

Emitter Cutoff Current 'EBO 
(VEB = -3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = -10pAde, VCE = -S.OVde) MP03798 

MP03799 

(lc = -100 pAde, VCE = -S.OVde) MP03798 
MP03799 

(lc = -500 pAde, VCE = -5.0 Vde) MP03798 
MP03799 

(lC = -10 mAde, VCE = -5.0 Vde) MP03798 
MP03799 

Collector-Emitter Saturation Voltage VCE(sat) 
(lc = -100 pAde, 'B = -10 pAde) 
(lC= -1.0mAde,IB = -100pAde) 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = -100 pAde, IB = -10 pAde) 
(lC = -1.0 mAde, IB = -100 pAde) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MPQ3798 
MPQ3799* 

CASE 646-06, STYLE 1 
TO-116 

-1 

1i¢i~&!1 
1234567 

QUAD 
AMPLIFIER TRANSISTORS 

PNPSILICON 

Min 

-40 
-60 

-60 

-S.O 

-

-

100 
22S 

lS0 
300 

150 
300 

125 
250 

-
-

-
-

*This Is a Motorola 
designated preferred device. 

Refer to 2N3810 for graphs. 

Typ Max 

- -
- -
- -

- -

- -10 

- -20 

- -
- -
- -
- -
- -
- -
- -
- -

-0.12 -0.2 
-0.07 -0.25 

-0.62 -0.7 
-0.68 -O.S 

Unit 

Vde 

Vde 

Vde 

nAde 

nAdc 

-

Vde 

Vde 
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MPQ3798 MPQ3799 

ELECTRICAL CHARACTERISTlCS (continued! (TA = 250C unless otherwise noted.! 

I Characteristic I Symbol Min Typ Msx Unit 

SMAU.-SlGNAL CHARACTERISnc8 

Current-Gain - Bandwidth Product tr 60 250 - MHz 
(lC = -1.0 mAde, VCE = -5.0 Vdc, f = 100 MHz! 

Oulpul Capacitanca Cobo - 2.1 4.0 pF 
(VCB = -5.0 Vdc, IE = 0, f = 1.0 MHz! 

, Input Capacltanca Cibo - 5.5 8.0 pF 
(VEB = -0.5 Vdc, IC = 0, f = 1.0 MHz! 

Noise Figure NF dB 
(lc = -100 IlAdc, VCE = -10 Vdc, RS = 3.0 k ohms, MP03798 - 2.5 -
f = 1.0 kHz! MPQ3799 - 1.5 -

(21 Pulse Test: Pulse W,dth '" 300 ,.s. Duty Cycle '" 2.0%. 
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MAXIMUM RATINGS 

Rating Symbol Valua 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VCBO 60 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous IC 200 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA=25°C 500 900 
Derate above 25°C 4.0 7.2 

Total Device Dissipation Po 
@TC=25°C 825 2.4 
Derate above 25°C 6.7 19.2 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 139 

Coupling Factors 01-04 or 02-03 34 70 
01-02 or 03-04 2.0 26 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lc = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 10 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAdc, IC = 0) 

Collector Cutoff Current 
(VCB = 40 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 40 Vdc, IC = 0) 

ON CHARACTERISTlCS(1) 

DC Current Gain 
(lc = 0.1 mAde, VCE = 1.0 Vdc) 
(lC = 1.0 mAde, VCE = 1.0 Vdcl 
(lc = 10 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = 10 mAde, VCE = 20 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(lC = 10 mAde, VBE(off) = -0.5 Vde, IB1 = 1.0 mAde) 

Turn-Off Time 
(lC = 10 mAde, IBl = IB2 = 1.0 mAde) 

(1) Pulse Test: Pulse Width .. 300 p.s, Duty Cycle .. 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWrC 

Watts 
mWrC 

°c 

Unit 

°CIW 
°CIW 

% 
% 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

tr 

Cobo 

Cibo 

ton 

toff 

MPQ3904* 
CASE 646-06, STYLE 1 

TO-116 

-1 

QUAD 
AMPLIFIER SWITCHING 

TRANSISTOR 
NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N3904 for graphs. 

Min Typ Max 

40 - -

60 - -
6.0 - -

- - 50 

- - 50 

30 90 -
50 160 -
75 200 -
- 0.1 0.2 

- 0.65 0.85 

250 300 -

- 2.0 4.0 

- 4.0 8.0 

- 37 -

- 136 -

Unit 

Vdc 

Vdc 

Vde 

nAde 

nAde 

-

Vde 

Vdc 

MHz 

pF 

pF 

ns 

ns 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -40 Vdc 

Collector-Base Voltage VCBO -40 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous IC -200 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25'C 500 900 mW 
Derate above 25'C 4.0 7.2 mWrC 

Total Device Dissipation Po 
@TC=25'C 825 2.4 Watts 
Derate above 25'C 6.7 19.2 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 ·C 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient Unit 

Thermal Resistance Each Die 151 250 ·C/W 
Effective, 4 Die 52 139 'crw 

Coupling Factors 01-04 or 02-03 34 70 % 
01-02 or 03-04 2.0 26 % 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) V(BR)CEO 
(lC = -1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = -10 pAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10 pAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = -30 Vde, IE = 0) 

Emitter Cutoff Current lEBO 
(VEB = -4.0 Vde, IC = 0) 

ON CHARACTERISTlCS(1) 

DC Current Gain hFE 
(lC = -0.1 mAde,VCE = -1.0Vde) 
(lc = -1.0 mAde, VCE = -1.0 Vdc) 
(lc = -10mAde,VCE = -1.0Vdc) 

Collector-Emitter Saturation Voltage 
(lc = -10 mAde, IB = -1.0 mAde) 

VCE(sat) 

Base-Emitter Saturation Voltage 
(lc = -10 mAde, IB = -1.0 mAde) 

VBE(sat) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(lC = -10 mAde, VCE = - 20 Vde, f = 100 MHz) 

Output Capacitance Cobo 
(VCB = -5.0 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VEB = -0.5 Vde, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 
(lC = -10 mAde, VBE(off) = 0.5 Vde, IBl = -1.0 mAde) 

Turn-Off Time toff 
(lC = -10 mAde, IBl = IB2 = -1.0 mAde) 

(1) Pulse Test: Pulse Width", 300 p.S, Duly Cycle'" 2.0%. 

Min 

-40 

-40 

MPQ3906* 
CASE 646-06, STYLE 1 

TO-116 . 

-1 

1i¢i~!¢!1 
1234567 

QUAD 
AMPLIFIER SWITCHING 

TRANSISTOR 

PNPSILICON 

*This is a Motorola 
designated prefarred device. 

Refer to 2N3906 for graphs. 

Typ Max 

- -

- -
-5.0 - -

- - -50 

- - -50 

40 160 -
60 180 -
75 200 -
- -0.1 -0.25 

- -0.65 -0.85 

200 250 -

- 3.3 4.5 

- 4.8 10 

- 43 -

- 155 -

Unit 

Vdc 

Vdc 

Vde 

nAde 

nAdc 

-

Vde 

Vde 

MHz 

pF 

pF 

ns 

ns 
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FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

-, t- -:: 1.0 os 275 

'05~h 10k 

-106 V ~ 14-- 300 os 
DUTY CYCLE - 2% 

FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 

:9~ V y< rl~:: -'" 275 

lO<t, <500fLs --10.6V 
DUTY CYCLE = 2% -+i t, t-

*Total shunt capacitance of test jig and connectors 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

MPQ3906 
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MAXIMUM RATINGS 
Rating Symbol Valua 

Collector-Emitter Voltage VCEO 30 

Collector-Base Voltage VCBO 60 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 500 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation PD 
@TA = 25°C(1) 
MP06001, MP06002, MP06501, 
MP06502 0.65 1.25 

Derate above 250C 
MP06001, MP06002, MP06501, 
MP06502 5.18 10 

Total Device Dissipation PD 
@TC = 25°C 
MP06001, MPQ6002, MP06501, 
MP06502 1.0 3.0 

Derate above 25°C 
MP06001, MP06002, MP06501, 
MP06502 8.0 24 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance 

Unit 

Vdc 

Vde 

Vdc 

mAde 

Watts 

mWrC 

Watts 

mWrC 

°c 

MPQ6001 
MPQ6002* 

STYLE 1 
TYPE A 

CASE 646-06 
TO-116 

TYPE A 

~ 
1 2 3 4 5 6 7 

MPQ6501 
MPQ6502* 

STYLE 1 
TYPEB 

-1 

TYPEB 
14 13 12 11 10 9 8 

QUAD 
COMPLEMENTARY PAIR 

TRANSISTORS 
NPNlPNP(1) SILICON 
*These are Motorola 

designated preferred devices. 

Junction to Junction to 
Case Ambient Unit 

°C/W 
Each Die MP06001, MP06002, MP06501, MP06502 125 193 
Effective, 4 Die MP0600l, MP06002, MP06501, MP06502 41.6 100 

Coupling Factors % 
01-04 or 02-03 MPOS001, MPOS002, MPOS501, MPOS502 30 SO 
01-02 or 03-04 MP06001, MP06002, MP06501, MP06502 20 24 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) (lC = 10 mAde, IB = 0) V(BR)CEO 30 - - Vde 

Collector-Base Breakdown Voltage (lc = 10 pAde, IE = 0) V(BR)CBO 60 - - Vde 

Emitter-Base Breakdown Voltage (IE = 10 pAde, IC = 0) V(BR)EBO 5.0 - - Vde 

Collector Cutoff Cu rrent (VCB = 50 Vde, IE = 0) ICBO - - 30 nAde 

Emitter Cutoff Current (VEB = 3.0 Vde, IC = 0) lEBO - - 30 nAde 

ON CHARACTERISTICS 

DC Current Gain(2) hFE -
(lc = 1.0 mAde, VCE = 10 Vde) MP06001, MP06501 25 - -

MPOS002, MP06502 50 - -
(lC = 10 mAde, VCE = 10 Vde) MP06001, MP06501 35 - -

MPOS002, MP06502 75 - -
(lC = 150 mAde, VCE = 10 Vde) MP06001, MP06501 40 - -

MP06002, MP06502 100 - -
(lC = 300 mAde, VCE = 10 Vde) MP06001, MP06501 20 - -

MP06002, MP06502 30 - -
(1) Voltage and Current are negative for PNP Transistors. 

Rev 2 
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MPQ6001 MPQ6001 MPQ6501 MPQ6502 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'e unless otherwise noted.) 

Characteristic Symbol 

Collector-Emitter Saturation Voltage(2) VCE(sat) 
(lC = 150 mAdc, IB = 15 mAdc) 
(lc = 300 mAdc,lB = 30 mAdc) 

Base-Emitter Saturation Voltage(2) VBE(sat) 
(lC = 150 mAdc,lB = 15 mAdc) 
(Ie = 300 mAdc, IB = 30 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) fr 
(lC = SO mArtc, VCE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) PNP 

NPN 

Input Capacitance Cibo 
(VEB = 2.0 Vdc, IC = 0, f = 1.0 MHz) PNP 

NPN 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 
(VCC = 30 Vdc, VEB = O.S Vdc, IC = 150 mAdc, 
IBl = 15 mAdc, Figure 1) 

Turn-Off Time toft 
(VCC = 30 Vdc, IC = 150 mAdc, 
IBl = IB2 = 15 mAdc) 

(1) Second Breakdown occurs at power levels greater than 3 times the power dissipation rating. 
(2) Pulse Test: Pulse Width .. 300 /J-S, Duty Cycle .. 2.0%. 

NPN DATA 

FIGURE 1 - NORMALIZED DC CURRENT GAIN 

4.0 

~ 3.0 
N 
:::; 

"" 2.0 
TJ - 150°C -. 1- -

Min Typ Max Unit 

Vdc 
- - 0.4 
- - 1.4 

Vdc 
- - 1.3 
- - 2.0 

200 350 - MHz 

pF 
- 6.0 8.0 
- 4.5 8.0 

pF 
- 20 30 
- 17 30 

- 30 - ns 

- 225 - ns 

JCE ~ 1.0 V -
- -VCE-IOV -

~ -I-
I -t--.... -0 

------
;; 
z 
;;: 1.0 '" 

25°C - - l- i- - l-I-r--::,. r--. -... 
~ 0.7 

i:l 0.5 

'" 

-55°C 

" --- """' I- \ 
0 

~ 0.3 0: 
~ 

0.2 I' ~ 
0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

Ic, COLLECTOR CURRENT ImA) 

FIGURE 2 - "ON" VOLTAGES FIGURE 3 - TEMPERATURE COEFFICIENTS 

1.4 
TJ-250C 

+1.6 
II 1111 

1.2 

~ 1.0 
0 
~ 

O.B w 

'" "" ~ 0.6 
0 
> 
:> 0.4 

0.2 

0 

/: 
VBEI,,,)@IC/IB-l0 ~" 

VBE@VCE-l.0V 

J II 1111 
I I I IIIL 

VCEI .. t)@ICIIB-l0 ---

G 
"- +O.B > ..s 
~ 
<3 

~ 
8 
w -O.B 
'" => 
h 

~ -1.6 
1li ... 
i -2.4 

.I L 1250C to 1500C) I-" 

eVC L v'CE\Jt) 1lk-'1 f-" 
I-550C to 125oC) 

V 
OVB tor VBE 

- I- III' I 
III 

0.5 1.0 2.0 5.0 10 20 50 100 200 500 0.5 1.0 2.0 5.0 10 20 50 100 200 500 
IC, COLLECTOR CURRENT 1m A) IC,COLLECTOR CURRENT ImA) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 2-251 



6.0 

5.0 

~ 4.0 
w 

'" :::> 

~ 3.0 
w 
~ 

~ 2.0 
~. 

z 

I. 0 

o 

'-
f'~ 

'r--

0.1 0.2 
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NOISE FIGURE 
(VCE = 10 Vdc, T A = 25°C) 

FIGURE 4 - FREQUENCY EFFECTS FIGURE 5 - SOURCE RESISTANCE EFFECTS 

10 
f= 1.0 kHz I Illl 

8.0 

= 

'- IC= 1.0mA 100pA J YI 
'\ J ~~1l 

~ 

Ie = 101lA 
RS. 4.3 kn 

w 6.0 '" :::> 
to / / 

r-- r-
II 

u: 
W 

'" 4.0 c; 
z 

\ ~ I 

i"- ...... 
...... 

~r--
Ie = 100 IlA 
Rs= 1.0kn 

~ . 
z 

2.0 "" 
II o 

0.5 1.0 2.0 5.0 10 20 50 100 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

f. FREUUENCY (kHz) RS. SOURCE RESISTANCE Ik OHMS) 
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MAXIMUM RATINGS 
MP08100A 

Rating Symbol MP08600Al Unit 

Collector-Emitter Voltage VCEO 45 Vdc 

Collector-Base Voltage VCBO 60 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous IC 50 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25"C 500 900 mW 
Derate above 25"C 4.0 7.2 mWI"C 

Total Device Dissipation Po 
@TC = 25"C 0.825 2.4 Watts 
Derate above 25"C 6.7 19.2 mWI"C 

Operating and Storage Junction TJ, Tstg -55 to + 150 "C 
Temperature Range 

THERMAL CHARACTERISTICS 
Junction to Junction to 

Characteristic Case Ambient Unit 

Thermal Resistance(l) Each Die 151 250 "C/W 
Effective, 4 Die 52 139 "C/W 

Coupling Factors 01-04 or 02-03 34 70 % 
01-02 or 03-04 2.0 26 % 

(1) R/lJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(lC = 10 mAde, IB = 0) MP06100A,6600Al 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = 10 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 I'Ade, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 50 Vde, IE = 0) 

ON CHARACTERISTJCS(2) 

DC Current Gain hFE 
(lc = 100 !lAde, VCE = 5.0 Vde) MP061 00A,6600A 1 
(lC = 500 !lAde, VCE = 5.0 Vde) MP061 00A.6600A 1 
(lc = 1.0 mAde, VCE = 5.0 Vde) MP061 00A,6600A 1 
(lC = 10 mAde, VCE = 5.0 Vde) MP061 00A,6600A 1 

Collector-Emitter Saturation Voltage VCE(sat) 
(lc = 1.0 mAde, IB = 100 !lAde) 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = 1.0 mAde, IB = 100 !lAde) 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
(lC = 500 !lAde, VCE = 5.0 Vde, f = 20 MHz) 

Output Capacitance Cobo 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) PNP 

NPN 

Rev 2 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MPQ6100A 
STYLE 1 
TYPE A 

MPQ6600Al* 
STYLE 1 
TYPE B 

CASE 646·06 
TO·116 -1 

TYPE A TYPEB 

~ 
1 2 3 4 5 6 7 2 3 4 5 6 7 

QUAD COMPLEMENTARY PAIR 
TRANSISTORS 
NPN/PNP(1) SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N3799 in Section 3 for PNP Curves. 

Min Typ Max Unit 

Vde 
45 - -

Vde 
60 - -

Vde 
5.0 - -

nAde 
- - 10 

-
100 - -
150 - -
150 - -
125 - -
- - 0.25 Vde 

- - 0.8 Vde 

50 - - MHz 

pF 
- 1.2 4.0 
- 1.8 4.0 
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MPQ6100A MPQ6600A1 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic 

Input Capacitance 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) PNP 

NPN 

Noise Figure 
(lc = 100 pAdc, VCE = 5.0 Vdc, Rs = 10 k ohms, 
f = 1.0 kHz, BW = 10 kHz) 

MATCHING CHARACTERISTICS (MP08600A1 ONLY) 

DC Current Gain Ratio 
(lC = 100 pAdc, VCE = 5.0 Vdc) 

Base-Emitter Voltage Differential 
(lC = 100 pAdc, VCE = 5.0 Vdc) 

(1) Voltage and Current are negative for PNP Transistors. 
(2) Pulse Test: Pulse Width", 300 p.s, Duty Cycle'" 2.0%. 

Symbol 

Cibo 

NF 

hFE1/hFE2 

IVBE1-VBE21 

Min Typ Max Unit 

pF 
- - 8.0 
- - 8.0 

- 4.0 - dB 

0.8 - 1.0 -

- - 20 mVdc 
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MAXIMUM RAllNGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO 30 

Collector-Base Voltage VCBO 40 

Emitter-Base Voltage VEBO 12 

Collector Current - Continuous IC 500 

Four Die 
Each Die Equal Powar 

Total Device Dissipation Po 
@TA = 25'C(1) 500 900 
Derate above 25'C 4.0 7.2 

Total Device Dissipation Po 
@TC = 25'C 825 2400 
Derate above 25'C 6.7 19.2 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 
Junction to Junction to 

Characteristic Can Ambient 

Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 139 

Coupling Factors Q1-Q4 or Q2-Q3 34 70 
Ql-Q2 or Q3-Q4 2.0 26 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
(lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 /'Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 /'Ade, IC = 0) 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 10 Vdc,IC = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain 
(lC = 10 mAde, VCE = 5.0 Vdc) 
(lc = 100 mAde, VCE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 100 mAdc,lB = 0.1 mAde) 

Base-Emitter On Voltage 
(lC = 100 mAde, VCE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = 10 mAde, VCE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

(2) Pulse Test: Pulse Width" 300 1'8, Duty Cycle" 2.0%. 

Motorola SmaU-8ignal Transistors. FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mWI'C 

mW 
mWrC 

'c 

Unit 

'c/w 
'c/w 

% 
% 

MPQ6426 
CASE 646-06. STYLE 1 

TO-116 

-1 

1~~1¢i1 
234567 

QUAD 
DARLINGTON TRANSISTOR 

NPNSIUCON 

Symbol Min Max Unit 

V(BR)CEO 30 - Vdc 

V(BR)CBO 40 - Vdc 

V(BR)EBO 12 - Vde 

ICBO - 100 nAdc 

lEBO - 100 nAdc 

hFE -
5000 -

10,000 -
VCE(sat) - 1.5 Vdc 

VBE(on) - 2.0 Vde 

fT 125 - MHz 

Cobo - 8.0 pF 

Cibo - 15 pF 
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MPQ6501, MPQ6502 For Specifications, See MPQ6001 Data ,..--------------, 

MPQ6600Al For Specifications, See MPQ6100A Data 
MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VCBO 40 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 200 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@ TA = 25"<:(1) 500 900 
Derate above 25"<: 4.0 7.2 

Total Device Dissipation Po 
@TC = 25"<: 825 2400 
Derate above 25"<: 6.7 19.2 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

(1) Second breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 139 

Coupling Factors Ql-Q4 or Q2-Q3 34 70 
Ql-Q2 or Q3-Q4 2.0 26 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 10 ,JAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 ,JAde, IC = 0) 

Collector Cutoff Current 
(VCB = 30 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTlCS(1) 

DC Current Gain 
(lc = 0.1 mAde, VCE = 1.0 Vde) 
(lC = 1.0 mAde, VCE = 1.0 Vde) 
(lc = 10 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lc = 10 mAde, IB = 1.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(l) 
(lC = 10 mAde, VCE = 20 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width'" 300 p.O, Duty Cycle'" 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 

PNP 
NPN 

Motorola SmaU-5ignal TranSistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vde 

mAde 

mW 
mWrC 

mW 
mWrC 

°C 

Unit 

0c/w 
0c/w 

% 
% 

MPQ6700* 
CASE 646-06, STYLE 1 

TO·116 
TYPEB 

TYPEB 

_~£I 
1 1 2 3 4 5 6 1 

QUAD 
COMPLEMENTARY PAIR 

TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

tr 

Cobo 

Cibo 

NPNIPNP(2) SILICON 

*Thls Is a Motorola 
designated preferred device. 

Min Max 

40 -

40 -

5.0 -

- 50 

- 50 

30 -
50 -
70 -
- 0.25 

- 0.9 

200 -

- 4.5 

- 10 
- 8.0 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vdc 

Vde 

MHz 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 30 

Collector-Base Voltage VCBO 30 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous IC 200 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@ TA = 25°C(1) 600 900 
Derate above 25°C 4.0 7.2 

Total Device Dissipation Po 
@TC=25°C 825 2400 
Derate above 25°C 6.7 19.2 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 139 

Coupling Factors 01-04 or 02-03 34 70 
01-02 or 03-04 2.0 26 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) (lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage (lC = 10 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage (IE = 10 pAdc, IC = 0) 

Collector Cutoff Current (VCB = 20 Vdc, IE = 0) 

Emitter Cutoff Current (VEB = 3.0 Vdc, IC = 0) 

ON CHARACTERISTlCS(1) 

DC Current Gain (lC = 0.5 mAde, VCE = 1.0 Vdc) 
(lC = 1.0 mAde, VCE = 1.0 Vdc) 
(lC = 10 mAde, VCE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage (lC = 0.5 mAde, IB = 0.05 mAde, 
COC '" T '" 7COC) 

Base-Emitter Saturation Voltage (lC = 0.5 mAde, IB = 0.05 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(l) 
(lc = 10 mAde, VCE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(VCB = 5.0 Vdc, IE = 0, f = 1.0 MHz 

Input Capacitance 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz PNP 

NPN 

SWITCHING CHARACTERISTICS (TA = 25°C VCC = 5.0 Vdc) 

Propagation Delay TIme 
(50% Points TPl to TP3) 
(50% Points TP2 to TP4) 

Rise Time 
(0.3 V to 4.7 V, TP3 or TP4) 

Fall Time 
(4.7 V to 0.3 V, TP3 or TP4) 

(1) Pulse Test: Pulse Width", 300 p.., Duty Cycle", 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mWrC 

mW 
mWrC 

°c 

Unit 

°CIW 
°CIW 

% 
% 

Symbol 

V(BR)CEO 

V(BRICBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

fT 

Cobo 

Cibo 

tPLH 
tpHL 

tr 

tf 

MPQ6842 
CASE 646·06, STYLE 1 

TO·116 
TYPE B 

TYPEB 

-1 

QUAD 
COMPLEMENTARY PAIR 

TRANSISTOR 

NPN/PNP(2) SILICON 

Min Typ Max 

30 - -
30 - -
4.0 - -
- - 50 

- - 50 

30 - -
50 - -
70 - -
- 0.05 0.15 

- 0.65 0.9 

200 350 -

- 3.0 4.5 

- 5.0 10 
- 4.0 8.0 

- 15 25 
- 6.0 15 

5.0 25 35 

5.0 10 20 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ns 

ns 

ns 
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FIGURE 5 - SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 

1/4 MC3000 
(74HOO) 

.... - ... ---{C») TP3 NOTES, 

Vee -= 

22 

.... --__ ----~TP4 

I '60PF 

14 -= ':' 

1. Unless otherwise noted, all resistors 
carbon composition % W ±S%, all 
capacitors dipped mica ±2%. 

2. Use short interconnect wiring with 
good power and grou nd busses. 

3. TPl thru TP4 are coaxial connectors to 
accept scope probe tip and provide a 
good ground. 

4. Device under test is MPQ6842. 
5. 160 pF load does not include stray 

or scope probe capacitance. 
6. Scope probe resistance> 5 kn. 

Scope probe capacitance < 10 pF. 

TPlo,TP2 ~ I 
tPH~~ ~;::; 

TP3 or TP4 

t, 
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MAXIMUM RATINGS 
Rating Symbol MPQ7041 MPQ7042 MPQ7043 

Collector-Emitter Voltage VCEO 150 200 250 

Collector-Base Voltage VCBO 150 200 250 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 500 

Each Four Die 
Die Equal Power 

Total Device Dissipation PD 
@TA=25°C 750 1700 
Derate above 25°C 5.98 13.6 

Total Device Dissipation PD 
@TA = 25°C 1.25 3.2 
Derate above 25°C 10 25.6 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 100 167 
Effective, 4 Die 39 73.5 

Coupling Factors 01-04 or 02-03 46 56 
01-02 or 03-04 5.0 10 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) MP07041 

MP07042 
MP07043 

Collector-Base Breakdown Voltage 
(lC = 100 pAde, IE = 0) MP07041 

MP07042 
MP07043 

Emitter-Base Breakdown Voltage 
(IE = 100 pAde, Ic = 0) 

Collector Cutoff Current 
(VCB = 120 Vde, IE = 0) MP07041 
(VCB = 150 Vde, IE = 0) MP07042 
(VCB = 180 Vde, IE = 0) MP07043 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.0 mAde, VCE = 10 Vde) 
(lC = 10 mAde, VCE = 10 Vde) 
(lC = 30 mAde, VCE = 10 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 20 mAde, IB = 2.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = 20 mAde, IB = 2.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mAde, VCE = 20 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 20 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 3.0 Vde, IC = 0, f = 1.0 MHz) 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWf'C 

Watts 
mWf'C 

°c 

Unit 

0c/w 
0c/w 

% 
% 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

hFE 

VCE(sat) 

VBE(sat) 

for 

Cobo 

Cibo 

MPQ7041 
MPQ7042 

MPQ7043* 
CASE 646-06, STYLE 1 

TO-116 

• 1 

I~E,1¢i1 
234567 

QUAD 
AMPLIFIER TRANSISTORS 

NPN SILICON 

Min 

150 
200 
250 

150 
200 
250 

5.0 

-
-
-

25 
40 
40 

-

-

50 

-

-

*This is a Motorola 
designated preferred device. 

Refer to MPQ7051 for graphs. 

Typ Max 

- -
- -
- -

- -
- -
- -
- -

- 100 
- 100 
- 100 

45 -
60 -
80 -
0.3 0.5 

0.7 0.9 

80 -

2.5 5.0 

40 50 

Unit 

Vde 

Vde 

Vde 

nAde 

-

Vde 

Vde 

MHz 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 150 

Collector-Base Voltage VCBO 150 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 500 

Four Die 
Equal 

Each Die Power 

Total Device Dissipation Po 
@TA = 25·C 750 1700 
Derate above 25·C 5.98 13.6 

Total Device Dissipation Po 
@TC = 25·C 1.25 3.2 
Derate above 25·C 10 25.6 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 100 167 
Effective, 4 Die 39 73.5 

Coupling Factors 01-04 or 02-03 46 56 
01-02 or 03-04 5.0 10 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 120 Vde, IE = 0) 

Emitter Cutoff Current 
(VBE = 3.0 Vde, IC = 0) 

ON CHARACTERlSncS 

DC Current Gain (lc = 1.0 mAde, VCE = 10 Vde) 
(lc = 10 mAde, VCE = 10 Vde) 
(lC = 30 mAde, VCE = 10 Vde) 

Collector-Emitter Saturation Voltage (lc = 20 mAde, IB = 2.0 mAde) 

Base-Emitter Saturation Voltage (lC = 20 mAde, IB = 2.0 mAde) 

SMALL-5IGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product 
(lC = 10 mAde, VCE = 20 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 20 Vde, IC = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 3.0 Vde, IC = 0, f = 1.0 MHz) NPN 

PNP 

(1) Voltage and current are negative for PNP transistors. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWrC 

Watts 
mWrC 

·C 

Unit 

·CIW 
·CIW 

% 
% 

MPQ7051* 
CASE 646-06, TYPE B 

TO-116 

_ TYPEB 

14 ~ 
1~ 

1234567 

QUAD 
COMPLEMENTARY PAIR 

TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(satl 

VBE(sat) 

for 

Cobo 

Cibo 

NPNJPNP(11 SILICON 

*This is a Motorola 
designated preferred device. 

Min Max Unit 

150 - Vde 

150 - Vde 

5.0 - Vde 

- 250 nAde 

- 100 nAde 

25 - -
35 -
25 -
- 0.7 Vdc 

- 0.9 Vde 

50 - MHz 

- 6.0 pF 

pF 
- 50 
- 75 
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MPQ70S1 

DC CHARACTERISTICS 

NPN I PNP 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 2 - "ON" VOLTAGES 
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FIGURE 3 - TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 

Rating Symbol MPQ7091 MPQ7093 Unit 

Collector-Emitter Voltage VCEO -150 -250 Vde 

Collector-Base Voltage VCBO -150 -250 Vde 

Emitter-Base Voltage VEBO -5.0 Vde 

Collector Current - Continuous IC -500 mAde 

Each Four Die 
Dia EqualPowar 

Total Device Dissipation Po 
@TA=25"<: 750 1700 mW 
Derate above 25'C 5.98 13.6 mWI'C 

T atal Device Dissipation Po 
@TC=25'C 1.25 3.2 Watts 
Derate above 25'C 10 25.6 mWI'C 

Operating and Storage Junction TJ, Tstg -55 to +150 'c 
Temperature Range 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient Unit 

Thermal Resistance Each Die 100 167 'CIW 
Effective, 4 Die 39 73.5 'C/W 

Coupling Factors 01-04 or Q2-Q3 46 56 % 
01-02 or 03-04 5.0 10 % 

ELECTRICAL CHARACTERISTICS (TA = 25"<: unless otherwise noted.1 

I Characteristic I Symbol 

Off CHARACTERlSncs 

Collector-Emitter Breakdown Voltage V(BRICEO 
(lc = -1.0 mAde,lB = 0) MP07091 

MP07093 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = -100 pAde, IE = 0) MP07091 

MP07093 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -100 pAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = -120 Vde, IE = 0) MPQ7091 

MP07093 

Emitter Cutoff Current lEBO 
(VEB = -3.0 Vde,IC = 0) 

ON CHARACTERlSnCS 

DC Current Gain hFE 
(lC = -1.0 mAde, VCE = -10 Vde) 
(lC = -10 mAde, VCE = -10 Vde) 
(lC = -30 mAde, VCE = -10 Vde) 

Collector-Emitter Saturation Voltage (lC = -20 mAde, IB = -2.0 mAde) VCElsat) 
Base-Emitter Saturation Voltage (lC = - 20 mAde, IB = - 2.0 mAde) VBElsat) 

SMALL-SIGNAL CHARACTERlsnCS 

Current-Gain - Bandwidth Product 1,-
(lC = -10 mAde, VCE = -20 Vde, f = 100 MHz) 

Output Capacitance Cobo 
(VCB = -20 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VEB = -3.0 Vde,lc = 0, f = 1.0 MHz) 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

MPQ7091 
MPQ7093* 

CASE 646-06, STYLE 1 
TO-116 

-, 1:;:1 
1234567 

QUAD 
AMPUFIER TRANSISTORS 

PNPSIUCON 

Min 

-150 
-250 

-150 
-250 

-5.0 

-
-
-

25 
35 
25 

-
-

50 

-

-

* This is • Motorola 
designated preferred cltniice. 

Refer to MP07051 for graphs. 

Typ Max 

- -
- -

- -
- -
- -

- -250 
- -250 

- -100 

40 -
55 -
50 -

-0.3 -0.5 

-0.7 -0.9 

70 -

3.0 5.0 

60 75 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vdc 

MHz 

pF 

pF 
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MAXIMUM RATINGS· 
Rating Symbol Value 

Collector-Emitter Voltage VCEO -35 

Collector-Base Voltage VCBO -40 

Emitter-Base Voltage VEBO -25 

Collector Current - Continuous IC -150 

Total Device Dissipation @TA = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @ TC = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA(l) 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

1 Characteristic 

Off CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
(lC = -10 mAde,IB = 0) 

Collector-Base Breakdown Voltage 
(lc = -10 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -10 "Ade, IC = 0) 

Collector Cutoff Current 
(VeB = -10 Vde, IE = 0) 

Emitter Cutoff Current 
(VBE = -10 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = -12 mAde, VCE = -0.15 Vde) 

Collector-Emitter Saturation Voltage 
(lC = -12 mAde,lB = -0.4 mAde) 
(lc = -24 mAde,IB = -1.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = -12 mAde,IB = -0.4 mAde) 
(lC = -24 mAde,lB = -1.0 mAde) 

SMALL·SIGNAL CHARACTERISTICS 

Common-Base Cutoff Frequency 
(lC = -1.0mAde,VCB = 6.0Vde) 

Output Capacitance 
(VCB = -6.0 Vde, IE = 0, f = 1.0 MHz) 

121 Pulse Test: Pulse Width" 300 ,.B, Duty Cycle" 2.0%. 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWrC 

Watts 
mWrC 

'C 

Unit 

'c/w 

'c/w 

MPS404A* 
CASE 29-04, STYLE 1 

TO-92 (TO-226AA) 

"~I 3 

CHOPPER TRANSISTOR 
PNP SILICON 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

fob 

Cobo 

*Thls Is a Motorola 
designated preferred device. 

Min I· Max 

-35 -

-40 -
-25 -

- -100 

- -100 

30 400 

- -0.15 
- -0.20 

- -0.85 
- -1.0 

4.0 -

- 20 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vdc 

MHz 

pF 
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MPS404A 

FIGURE 7 -.COLLECTOR SATURATION REGION 
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FIGURE 13 - SWITCHING TIME TEST CIRCUIT 
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Voltages and resistor values shown 
are for Ie = 10 mA, lens = 10 
and lSI = IS2. Resistor values 
changed to obtain curves in 
Figures 11 and 12. 
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MPS404A 

FIGURE 14 - STORED BASE CHARGE TEST CIRCUIT 

Re 1560 n) 

MEASUREMENT PROCEDURE 
el is increased until the Ioff time 01 
the output waveform is decreased to 
0.2 p.s, as is then calculated by 
Os = el Vin· 
aS3 or aS7 by B-Line Electronics 
or equivalent may also be used. 

OUTPUT 

Voltage Waveforms 

o t Vin rs.Op.sl tr, tl < 15 ns 
6.0 V 

VoTi,-j, 'U ilm 6.0 V I I I 
I --t 14-1off 
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MPS536 
CASE 29-04, STYLE 2 

TO-92 (TO-226AA) 

3 Collector 

MAXIMUM RATINGS 
Rating Symbol MPS536 Unit 

Collector-Emitter Voltage VCEO -10 Vdc 

Collector-Base Voltage VCBO -15 Vdc 

Emitter-Base Voltage VEBO -4.5 Vdc 

Collector Current - Continuous IC -30 mA 

Power Dissipation @TA = 25'C Po 625 mW 
Derate above 25'C 5.0 mWrC 

Storage Temperature Tsta -65 to +150 'c 

*Free air 

ELECTRICAL CHARACTERISTICS (TC = 25'C 'For both package types unless otherwise noted.) 

~-© 
2 Emitter 

HIGH FREQUENCY 
TRANSISTOR 

PNPSIUCON 

Characteristic I Symbol I Min I Typ Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (lC = -2.0 mA. IB = 0) V(BR)CEO -10 - -
Collector-Base Breakdown Voltage (lC = -100 pA, IE = 0) V(BR)CBO -15 - -
Emitter-Base Breakdown Voltage (IE = -10 pA, IC = 0) V(BR)EBO -4.5 - -
Collector Cutoff Current (VCB = -10 Vdc, IE = 0) ICBO - - -10 

ON CHARACTERISTICS 

I DC Current Gain (lC = -20 mA, VCE = -5.0 V) hFE 20 200 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product for - 4.5 -
(lc = -20 mAde, VCE = -5.0 Vdc, f = 1.0 GHz) 

Collector-Base Capacitance Ccb - 0.8 1.2 
(VCB = -5.0 Vdc, IF = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Gain @ Noise Figure GNF 
(lC = -10 mAde, VCE = -5.0 Vdc) f = 500 MHz - 14 -

f = 1.0 GHz - 8.0 -
Noise Figure NF 

(lC = -10 mAde, VCE = -5.0 Vdc f = 500 MHz - 4.5 -
f = 1.0GHz - 6.0 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

GHz 

pF 

dB 

dB 
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Figure 1. Current Gain-Bandwidth Product 
versus Collector Current 
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Figure 3. Maximum Unilateral Gain (GUmaxl 
and Insertion Gain (1521121 

versus Frequency 
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Figure 5. Noise Figure versus Collector Current 
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25 

20 

15 

10 

o 
0.2 
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....... 

0.3 

MPS536 
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-
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...... ....... 
I""- ...... 

I'b", 

VCE ~ 5V 
~ 
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........... 

1 I I 
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f, FREQUENCY (GHzl 

Figure 2. Maximum Available Gain (GAmaxl 
versus Frequency 
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./ 

f - 500 MHz 

V I-"" 
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VCE - 5V 
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Figure 4. Gain at Noise Figure versus 
Collector Current 

t--
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20 

-
f = 1 MHz 

1 2 
VeE, BASE-EMlffiR VOLTAGE (Vdcl 

Figure 6. Input Capacitance versus 
Emitter-Base Voltage 
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MPS536 

2 

1 

o 
o 

"'-
" ""-

""- -~ 
,....." - Ccb 

f = 1 MHz 

246 
VCB, COLLECTOR-BASE VOLTAGE IVdcl 

Figure 7. Output Capacitance versus 
Collector-Base Voltage 

10 

INPUT/OUTPUT REFLECTION COEFFICIENT 
versus 

FORWARD/REVERSE 
TRANSMISSION COEFFICIENTS 

versus 
FREQUENCY FREQUENCY 

VCE = 10 V, IC = 10 rnA VCE = 10 V. IC = 10 rnA 

+90" 

-j50 
_90' 

COMMON EMITTER S-PARAMETERS 

VCE IC f 811 821 812 822 
(Volts) (mA) (MHz) 18111 L<f> 18211 L<f> 18121 L<f> 18221 

10 5 200 0.60 -43 6.60 125 0.07 68 0.71 
500 0.30 -60 3.64 87 0.14 57 0.47 
1000 0.17 -103 2.11 56 0.22 43 0.32 
1500 0.15 156 1.70 28 0.30 28 0.22 
2000 0.28 110 1.29 2 0.33 13 0.25 

10 200 0.48 -52 8.78 118 0.06 69 0.62 
500 0.21 -66 4.31 84 0.12 60 0.37 
1000 0.12 -122 2.40 54 0.20 47 0.24 
1500 0.18 138 1.90 29 0.29 31 0.16 
2000 0.32 104 1.41 4 0.33 16 0.23 

20 200 0.38 -59 10.21 112 0.06 70 0.54 
500 0.14 -76 4.72 81 0.12 63 0.30 
1000 0.11 -144 2.58 53 0.20 49 0.19 
1500 0.22 132 1.99 28 0.29 34 0.12 
2000 0.35 103 1.46 4 0.33 19 0.22 

L<f> 

-35 
-43 
-69 
-112 
-174 

-42 
-46 
-73 
-126 
170 

-46 
-47 
-74 
-139 
161 
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MAXIMUM RATINGS 

MPS650 MPS651 
Rating Symbol MPS750 MPS751 

Collector-Emitter Voltage VCE 40 60 

Collector-Base Voltage VCB 60 80 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 2.0 

Total Power Dissipation Po 
@TA= 25"<: 625 
Derate above 25'C 5.0 

Total Power Dissipation Po 
@TC=25'C 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case RWC 83.3 

ELECTRICAL CHARACTERISTICS (TC = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 10 mAde, IB = 0) MPS650, MPS750 

MPS651, MPS751 

Collector-Base Breakdown Voltage 
(lC = 100 J£Ade, IE = 0) MPS650, MPS750 

MPS651, MPS751 

Emitter-Base Breakdown Voltage 
(lC = 0, IE = 10 J£Ade) 

Collector Cutoff Current 
(VCB = 60 Vdc, IE = 0) MPS650, MPS750 
(VCB = 80 Vdc, IE = 0) MPS651, MPS751 

Emitter Cutoff Current 
(VEB = 4.0 V, IC = 0) 

ON CHARACTERISTICS(l) 

DC Current Gain 
(lC = 50 rnA, VCE = 2.0 V) 
(lc = 500 rnA, VCE = 2.0 V) 
(lc = 1.0 A, VCE = 2.0 V) 
(lc = 2.0 A, VCE = 2.0 V) 

Collector-Emitter Saturation Voltage 
(lC = 2.0 A. IB = 200 rnA) 
(lc = 1.0 A. IB = 100 rnA) 

Base-Emitter On Voltage 
(lC = 1.0 A. VCE = 2.0 V) 

Base-Emitter Saturation Voltage 
(lC = 1.0 A, IB = 100 rnA) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(lC = 50 mAde, VCE = 5.0 Vdc, f = 100 MHz) 

(1) Pulse Test: Pulse Width .. 300 p,S, Duty Cycle = 2.0%. 
(2) IT is defined as the frequency at which Ihfel extrapolates to unity. 
(3) Voltage and current are negative for PNP transistors. 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

mW 
mWrC 

Watt 
mWrC 

'c 

Unit 

'CIW 

'c/w 

NPN 

MPS650, MPS651 * 
PNP(3) 

MPS750, MPS751 * 
CASE 29-04, STYLE 1 3 Collector 

TO-92 (TO-226AA~ ~ 
Base~ 

, Emitter 

3 Collector 

,:~ 
1 Emitter 

AMPLIFIER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

VBE(sat) 

*These are Motorola 
designated preferred devices. 

Min Max 

40 -
60 -

60 -
80 -
5.0 -

- 0.1 
- 0.1 

- 0.1 

75 -
75 -
75 -
40 -

- 0.5 
- 0.3 

- 1.0 

- 1.2 

Unit 

Vdc 

Vde 

Vde 

J£Ade 

J£Adc 

-

Vde 

Vde 

Vde 
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NPN MPS650 MPS651 PNP MPS750 MPS751 
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FIGURE 5 - MPS650. MPS651 
COLLECTOR SATURATION REGION 
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MAXIMUM RATINGS 
Rating Symbol MPS918 MPS3563 Unit 

Collector-Emitter Voltage VCEO 15 12 Vde 

Collector-Base Voltage VCBO 30 30 Vde 

Emitter-Base Voltage VEBO 3.0 2.0 Vde 

Collector Current - Continuous IC 50 mAde 

Total Device Dissipation @ TA = 250C Po 350 mW 
Derate above 25'C 2.8 mWrC 

Total Device Dissipation @ TC = 25·C Po 0.85 Watt 
Derate above 25'C 6.8 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 ·C 

THERMAL CHARACTERISTICS 
Characteristic Symilol Max Unit 

Thermal Resistance, Junction to Ambient RBJA(1) 357 .c/w 

Thermal Resistance, Junction to Case RBJC 147 • c/w 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
(lC_ = 3.0 mAde, IB = 0) MPS918 

MPS3563 

Collector-Base Breakdown Voltage 
(lc = 1.0 pAde, IE = 0) MPS918 
(lc = 100 pAde, IE = 0) MPS3563 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) MPS918 

MPS3563 

Collector Cutoff Current 
(VCB = 15 Vde, IE = 0) MPS918 

MPS3563 

ON CHARACTERISTICS 

DC Current Gain(2) 
(lc = 3.0 mAde, VCE = 1.0 Vdc) MPS918 
(lC_ = 8.0 mAde, VCE = 10 Vdc) MPS3563 

Collector-Emitter Saturation Voltage 
(lc = 10 mAde, IB = 1.0 mAde) MPS918 

Base-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAdc) MPS918 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(IC = 4.0 mAdc, VCE = 10 Vdc, f = 100 MHz) MPS918 
(lc = 8.0 mAdc, VCE = 10 Vdc, f = 100 MHz) MPS3563 

Output Capacitance 
(VCB = 0 Vdc, IE = 0, f = 1.0 MHz) MPS918 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) MPS918 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) MPS3563 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) MPS918 

Small-Signal Current Gain 
(lc = 8.0 mAde, VCE = 10 Vde, f = 1.0 kHz) MPS3563 

Noise Figure 
(lC = 1.0 mAdc, VCE = 6.0 Vdc, RS = 400 ohms, f = 60 MHz) MPS918 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width .. 300 p.S, Duty Cycle .. 1.0%. 

MPS918* 
MPS3563 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

~~ 
1 Emitter 

AMPLIFIER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

hFE 

VCE(sat) 

VBE(sat) 

for 

Cobo 

Cibo 

hfe 

NF 

NPNSIUCON 
*This is a Motorola 

designated preferred device . 

Min Max 

15 -
12 -

30 -
30 -

3.0 -
2.0 -

- 10 
- 50 

20 -
20 200 

- 0.4 

- 1.0 

600 -
600 1500 

- 3.0 
- 1.7 
- 1.7 

- 2.0 

20 250 

- 6.0 

Unit 

Vde 

Vde 

Vde 

nAde 

-

Vdc 

Vdc 

MHz 

pF 

pF 

-

dB 
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ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted.) 

Characteristic I Symbol 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain Gpe 
(Ie = 6.0 mAde, VeB = 12 Vde, f = 200 MHz) MPS918 
(Ie = 8.0 mAde, VeE = 10 Vde, f = 200 MHz) MPS3563 

(Gfd + Gre < -20 dB) 

Power Output Pout 
(Ie = 8.0 mAde, VeB = 15 Vde, f = 500 MHz) MPS918 

Oscillator Collector Efficiency 11 
(lC = 8.0 mAde, VCB = 15 Vde, Pout = 30 mW, f = 500 MHz) MPS918 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

Min 

15 
14 

30 

25 

MPS918 MPS3S63 

Unit 

dB 
-
-
- mW 

- % 
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MAXIMUM RATINGS 
Rating Symbol MPS2222 MPS2222A Unit 

Collector-Emitter Voltage VCEO 30 40 Vde 

Collector-Base Voltage VCBO 60 75 Vde 

Emitter-Base Voltage VEBO 5.0 6.0 Vde 

Collector Current - Continuous IC 600 mAde 

Total Device Dissipation @ T A = 25"C PD 625 mW 
Derate above 25"C 5.0 mWI'C 

Total Device Dissipation @ TC = 25"C PD 1.5 Watts 
Derate above 25·C 12 mWrc 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 ·C 

THERMAL CHARACTERIS11CS 
Chal'llcteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RBJA 200 ·CIW 

Thermal Resistance, Junction to Case RBJC 63.3 "CIW 

ELECTRICAL CHARACTERISTICS (T A = 2S·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
IIc = 10 mAde, IB = 0) MPS2222 

MPS2222A 

Collector-Base Breakdown Voltage 
IIc = 10 pAde, IE = 0) MPS2222 

MPS2222A 

Emitter-Base Breakdown Voltage 
liE = 10 pAde, IC = 0) MPS2222 

MPS2222A 

Collector Cutoff Current 
(VCE = 60 Vde, VEB(off) = 3.0 Vde) MPS2222A 

Collector Cutoff Current 
(VCB = 50 Vde, IE = 0) MPS2222 
(VCB = 60 Vde, IE = 0) MPS2222A 
(VCB = 60 Vde, IE = 0, TA = 125·C) MPS2222 
(VCB = 50 Vde, IE = 0, TA = 12S·C) MPS2222A 

Emitter Cutoff Current 
(VEB = 3.0 Vde, IC = 0) MPS2222A 

Base Cutoff Current 
(VCE = 60 Vde, VEB(off) = 3.0 Vde) MPS2222A 

ON CHARACTERISTICS 

DC Current Gain 
IIc = 0.1 mAde, VCE = 10 Vde) 
IIc = 1.0 mAde, VCE = 10 Vdc) 
IIc = 10 mAde, VCE = 10 Vde) 
IIc = 10 mAde, VCE = 10 Vde, TA = -55·C) MPS2222A only 
IIc = 150 mAde, VCE = 10 Vde)(l) 
IIc = 150 mAde, VCE = 1.0 Vde)(l) 
IIc = 600 mAde, VCE = 10 Vde)(l) MPS2222 

MPS2222A 

Collector-Emitter Saturation Voltage(l) 
(lC = 150 mAde, IB = 15 mAde) MPS2222 

MPS2222A 

IIc = 500 mAde, IB = 50 mAde) MPS2222 
MPS2222A 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

ICBO 

lEBO 

IBL 

hFE 

VCE(sat) 

MPS2222,A* 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

~~ 
, Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPNSILICON 

*MPS2222A is a Motorola 
designatad preferred device. 

Min Max 

,30 -
40 -

60 -
75 -

5.0 -
6.0 -
- 10 

- 0.01 
- 0.01 
- 10 
- 10 

- 100 

- 20 

35 -
50 -
75 -
35 -
100 300 
50 -
30 -
40 -

- 0.4 
- 0.3 

- 1.6 
- 1.0 

Unit 

Vde 

Vde 

Vde 

nAde 

pAde 

nAde 

nAde 

-

Vde 

2-280 Motorola Small-Signal Transistors, FETs and Diodes Del(ice Data 



ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min 

Base-Emitter Saturation Voltage(l) VBE(sat) 
(lC = 150 mAde, IB = 15 mAde) MPS2222 -

MPS2222A 0.6 

(lC = 500 mAde, IB = 50 mAde) MPS2222 -
MPS2222A -

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) tr 
(lc = 20 mAde, VCE = 20 Vde, f = 100 MHz) MPS2222 250 

MPS2222A 300 

Output Capacitance Cobo -
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) MPS2222 -

MPS2222A -
Input Impedance hie 

(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) MPS2222A 2.0 
(lC = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) MPS2222A 0.25 

Voltage Feedback Ratio hre 
(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) MPS2222A -
(lC = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) MPS2222A -

Small-Signal Current Gain hfe 
(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) MPS2222A 50 
(Ie = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) MPS2222A 75 

Output Admittance hoe 
(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) MPS2222A 5.0 
(Ie = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) MPS2222A 25 

Collector Base TIme Constant rb'Ce -
(IE = 20 mAde, VCB = 20 Vde, f = 31.8 MHz) MPS2222A 

Noise Figure NF -
(lC = 100 !£Ade, VCE = 10 Vde, RS = 1.0 kG, f = 1.0 kHz) MPS2222A 

SWITCHING CHARACTERISTICS MPS2222A only 

Delay TIme (VCC = 30 Vde, VBE(off) = -0.5 Vde, Id -
Rise TIme IC = 150 mAde, IBI = 15 mAde) (Figure 1) tr -
Storage TIme (Vec = 30 Vde, IC = 150 mAde, ts -
Fall Time IBI = IB2 = 15 mAde) (Figure 2) 

tf -
(1) Pulse Test: Pulse Width .. 300 I£S, Duty Cycle .. 2.0%. 
(2) tr is defined as the frequency at which Ihfel extrapolates to unity. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 
FIGURE 1 - TURN·ON TIME FIGURE 2 - TURN'()FF TIME 

+30 V ..... 1 I+- 1.0 to 100 ,",s, DUTY 

200 I +16 VAf CYCLE'" 2% 

_1_ 0 

-res. < 10pF -14 V 1 k 
___ J ..... r-<20ns 1N914 

Scope RIM Time < 4 ns 
-Total shunt capacitance of test jig. 

connectors, and oscilloscope. 

Motorola Small-Signal TranSistors, FETs and Diodes Device Data 

-4V 

MPS2222,A 

Max 

1.3 
1.2 

2.6 
2.0 

-
-
8.0 

30 
25 

8.0 
1.25 

8.0 
4.0 

300 
375 

35 
200 

150 

4.0 

10 

25 

225 

60 

+30 V 

200 

I 
I 

-~--r-

Unit 

Vde 

MHz 

pF 

pF 

kG 

X 10-4 

-

I£mhos 

ps 

dB 

ns 

ns 

ns 

ns 

:Cs· < 10 pF 

---~ 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 15 Vdc 

Collector-Emitter Voltage VCES 40 Vdc 

Collector-Base Voltage VCBO 40 Vdc 

Emitter-Base Voltage VEBO 4.5 Vdc 

Collector Current - Continuous IC 200 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mWI"C 

Operating and Storage Junction TJ, Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) V(BR)CEO 
(lC = 10 mAde, IB = 0) MPS2369A 

Collector-Emitter Breakdown Voltage V(BR)CES 
(lC = 10 pAde, VBE = 0) MPS2369,A 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = 10 pAde, IE = 0) MPS2369,A 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 pAdc, IC = 0) MPS2369,A 

Collector Cutoff Current ICBO 
(VCB = 20 Vde, IE = 0) 
(VCB = 20 Vde, IE = 0, TA = 125°C) MPS2369,A 

Collector Cutoff Current ICES 
(VCE = 20 Vdc, VBE = 0) MPS2369,A 

ON CHARACTERISTICS 

DC Current Gain(l) hFE 
(lC = 10 mAdc, VCE = 1.0 V) MPS2369A 
(lC = 10 mAde, VCE = 1.0 Vde, TA = -55°C) MPS2369 
(lC = 10 mAde, VCE = 1.0 Vde) MPS2369 
(lC = 10 mAde, VCE = 0.35 Vde) MPS2369A 
(lC = 10 mAde, VCE = 0.35 Vde, TA = -55°C) MPS2369A 
(lC = 30 mAde, VCE = 0.4 Vde) MPS2369A 
(lC = 100 mAde, VCE = 2.0 Vdc) MPS2369 
(lC = 100 mAde, VCE = 1.0 Vde) MPS2369A 

Collector-Emitter Saturation Voltage(l) VCE(sat) 
(lC = 10 mAdc, IB = 1.0 mAde) MPS2369 
(lC = 10 mAdc, IB = 1.0 mAde) MPS2369A 
(lc = 10 mAdc, IB = 1.0 mAde, TA = +125°C) MPS2369A 
(lC =,30 mAde, IB = 3.0 mAde) MPS2369A 
(lC = 100 mAde, IB = 10 mAde) MPS2369A 

Base-Emitter Saturation Voltage(l) VBE(sat) 
(lC = 10 mAde, IB = 1.0 mAdc) MPS2369 
(lC = 10 mAde, 18 = 1.0 mAdc, TA = +125°C) MPS2369A 
(lC = 10 mAde, IB = 1.0 mAde, TA = -55°C) MPS2369A 
(lC = 30 mAde, IB = 3.0 mAde) MPS2369A 
(lC = 100 mAde, IB = 10 mAde) MPS2369A 

(1) Pulse Test: Puis. W,dth", 300 P.8, Duty Cycle"" 2.0%. 

MPS2369,A* 
CASE 29-04, STYLE 1 

TO-92 (TO-226AA) 

1 Emitter 

SWITCHING TRANSISTORS 

Min 

15 

40 

40 

4.5 

-
-
-

-
20 
40 
40 
20 
30 
20 
20 

-
-
-
-
-

0.7 
0.5 
-
-
-

NPNSILICON 

*MPS2369A is a Motorola 
designatad preferred devlca. 

Typ Max 

- -
- -

- -

- -

- 0.4 
- 30 

- 0.4 

- 120 
- -
- 120 
- -
- -
- -
- -
- -

- 0.25 
- 0.20 
- 0.30 
- 0.25 
- 0.50 

- 0.85 
- -
- 1.02 
- 1.15 
- 1.60 

Unit 

Vde 

Vde 

Vde 

Vdc 

pAde 

pAde 

-

Vde 

Vdc 
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ELECTRICAL CHARACTERISTICS (Continued) (TA = 25'C unless otherwise noted.) 

Characteristic I Symbol 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cabo 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) MPS2369,A. 

Small Signal Current Gain hfe 
(lC = 10 mAde, VCE = 10 Vde, f = 100 MHz) MPS2369,A 

SWITCHING CHARACTERISTICS 

Storage Time ts 
(lBl = IB2 = IC = 10 mAde) (Figure 3) MPS2369,A 

Turn-On Time ton 
(VCC = 3.0 Vde, IC = 10 mAde, IBl = 3.0 mAde) 
(Figure 1) MPS2369,A. 

Turn-Off Time toff 
(VCC = 3.0 Vde, IC = 10 mAde, IBl = 3.0 mAde, 
IB2 = 1.5 mAde) (Figure 2) r MPS2369,A. 

FIGURE 1 - ton CIRCUIT 

PULSE W)DTH (I,) = 300 ns 
DUTY CYCLE = 2.00/. 

3.0 Y Q--"V\.t\r-..., 

3.3 k 

FIGURE 2 - toft CIRCUIT 

--l I, I-- 3.0 Y 0---"1"""--..., 

+1O~:?Jt7 
-4.15Y--- I­

f-- < 1.0 ns 

PULSE WIDTH (I,) = 300 ns 
DUTY CYCLE = 2.0% 

270 

3.3 k 

Min Typ 

- -

5.0 -

- 5.0 

- 8.0 

- 10 

I 
-~-,T-
_J CS' < 4.0 pF 

FIGURE 3 - STORAGE TEST CIRCUIT 

+.o:;t~ 10' 
- 4.0 Y >--..JVV","",-+--4 

< 1.0 ns I--
PULSE WIDTH (I,) = 300 ns 

DUTY CYCLE = 2.0% 

500 

I _J._ 
,T-

_J Cst < 3.0 pF 

'TOTAL SHUNT CAPACITANCE OF TEST JIG AND CONNECTORS. 

Motorola Small-8ignal Transistors, FETs and Diodes Device Dala 

MPS2369,A 

Max Unit 

4.0 pF 

- -

13 ns 

12 ns 

18 ns 
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MAXIMUM RATINGS 
Rating Symbol MPS2907 I MPS2907A 

Collector-Emitter Voltage VCEO -40 I -60 

Collector-Base Voltage VCBO -60 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -600 

Total Device Dissipation Po 
@TA= 25'C 625 
Derate above 25'C 5.0 

Totai Device Dissipation Po 
@TC = 25'C 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -500 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R/iJA 200 

Thermal Resistance, Junction to Case R/iJC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = -10 mAde, IB = 0) MPS2907 

MPS2907A 

Collector-Base Breakdown Voltage 
(lC = -10 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -10 pAde, IC = 0) 

Collector Cutoff Current 
(VCE = -30 Vde, VEBloff) = -0.5 Vde) 

Collector Cutoff Current 
(VCB = -50 Vde, IE = 0) MPS2907 

MPS2907A 
(VCB = -50 Vde, IE = 0, TA = 150'C) MPS2907 

MPS2907A 

Base Current 
(VCE = -30 Vde, VEllli>ff) = -0.5 Vde) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -0.1 mAde, VCE = -10 Vde) MPS2907 

MPS2907A 
(lc = -1.0 mAde, VCE = -10 Vde) MPS2907 

MPS2907A 
(lC = -10 mAde, VCE = -10 Vde) MPS2907 

MPS2907A 
(lC = -150mAde,VCE = -10Vde)(l) MPS2907, MPS2907A 
(lC = -SOO mAde, VCE = -10 Vde)(l) MPS2907 

MPS2907A 

Collector-Emitter Saturation Voltage (1) 
(lC = -150 mAde, IB = -15 mAde) 
(lC = -500 mAde, IB = -SO mAde) 

Base-Emitter Saturation Voltage(l) 
(lC = -150 mAde, IB = -15 mAde) 
(lC = - 500 mAde, IB = - 50 mAde) 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWI'C 

Watts 
mWI'C 

'C 

Unit 

'CIW 

'CIW 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

ICBO 

IB 

hFE 

VCE(sat) 

VBE(sat 

MPS2907,A* 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

.:~ 
1 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

PNPSILICON 

*MPS2907A Is a Motorola 
designated preferred device. 

Min Max 

-40 -
-60 -
-60 -

-5.0 -

- -50 

- -0.020 
- -0.010 
- -20 
- -10 

- -SO 

35 -
75 -
50 -
100 -
75 -
100 -
100 300 
30 -
50 -

- -0.4 
- -1.6 

- -1.3 
- -2.6 

Unit 

Vde 

Vdc 

Vde 

nAde 

pAde 

nAde 

-

Vde 

Vde 
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MPS2907,A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(l ),(2) fT 200 - MHz 
(lc = -50 mAdc, VCE = -20 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 8.0 pF 
(VCB = -10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - 30 pF 
(VEB = -2.0 Vdc, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (VCC = -30 Vdc, IC = -150 mAdc, ton - 45 ns 

Delay Time IBl = -15 mAdc) (Figures 1 and 5) td - 10 ns 

Rise Time tr - 40 ns 

Turn-Off Time (VCC = -6.0 Vdc, IC = -150 mAdc, toff - 100 ns 

Storage Time IBl = IB2 = 15 mAdc) (Figure 2) 
ts - 80 ns 

Fall Time tf - 30 ns 

(1) Pulse Test: Pulse Width .. 300 p.s, Duty Cycle .. 2.0%. 
(2) fT is defined as the frequency at which Ihfel extrapolates to unity. 

FIGURE 1 - DELAV AND RISE 
TIME TEST CIRCUIT 

FIGURE 2 - STORAGE AND FALL 
TIME TEST CIRCUIT 

INPUT 
Zo=500 
PRF = 150 PPS 
RISE TIME .. 2.0 ns 
P.W. < 200 ns 

10 
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TO OSCI LLOSCOPE 
RISE TIME" 5.0 ns 

INPUT 
Zo=500 
PRF = 150 PPS 
RISE TIME .. 2.0 ns 
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TYPICAL CHARACTERISTICS 

FIGURE 3 - DC CURRENT GAIN 
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MPS2907,A 
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FIGURE 9 - CAPACITANCES 
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FIGURE 10 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO -25 

Collector-Emitter Voltage VCES -25 

Collector-Base Voltage VCBO -25 

Emitter-Base Voltage VEBO -4_0 

Collector Current - Continuous IC -500 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5_0 

Total Device Dissipation @ TC = 25°C Po 1_5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA(1) 200 

Thermal Resistance, Junction to Case R8JC 83_3 

(1 )R6JA IS measured With the device soldered into 8 typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted_) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = - 100 /lAde, VBE = 0) 

Collector-Emitter Sustaining Voltage(l) 
(lc = -10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = -100 /lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -100 /lAde, IC = 0) 

Collector Cutoff Current 
(VCE = -15 Vde, VBE = 0) 
(VCE = -15 Vde, VBE = 0, TA = -65OC) 

Emitter Cutoff Current 
(VEB = -3_0 V, IC = 0) 

Base Current 
(VCE = -15 Vde, VBE = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lC = -1.0 mAde, VCE = -10 Vde) MPS3638A 

(lC = -10 mAde, VCE = -10 Vde) MPS3638 
MPS3638A 

(lC = -50 mAde, VCE = -1_0Vdel MPS3638 
MPS3638A 

(lC = -300 mAde, VCE = -2.0 Vde) MPS3638 
MPS3638A 

Collector-Emitter Saturation Voltage 
(lC = -50 mAde, IB = -2.5 mAde) 
(lC = -300 mAde, IB = -30 mAde) 

Base-Emitter Saturation Voltage 
(lC = - 50 mAde, IB = - 2.5 mAde) 
(lc = -300 mAde, IB = -30 mAde) 

Unit 

Vde 

Vde 

Vde 

Vde 

mAde 

mW 
mWrC 

Watts 
mWrC 

°c 

Unit 

°C/W 

°CIW 

MPS3638, A 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

~~ 
1 Emitter 

SWITCHING TRANSISTORS 

PNPSIUCON 

Refer to 2N4402 for graphs_ 

Symbol Min Max Unit 

V(BR)CES -25 - Vde 

VCEO(sus) -25 - Vde 

V(BR)CBO -25 - Vde 

V(BR)EBO -4_0 - Vde 

ICES /lAde 
- -0_035 
- -2_0 

lEBO - -35 nA 

IB - -0_035 /lAde 

hFE -
80 -

20 -
100 -

30 -
100 -

20 -
20 -

VCE(sat) Vde 
- -0.25 
- -1.0 

VBE(sat) Vde 
- -1.1 

-0.80 -2.0 
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MPS3638,A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25"C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr MHz 
(VCE = -3.0 Vdc, IC = -50 mAdc, f = 100 MHz) MPS3638 100 -

MPS3638A 150 -
Output Capacitance Cobo pF 

(VCB = -10 Vdc, IE =0, f = 1.0 MHz) MPS3638 - 20 
MPS3638A - 10 

Input Capacitance Cibo pF 
(VEB = -0.5 Vdc, IC = 0, f = 1.0 MHz) MPS3638 - 65 

MPS3638A - 25 

Input Impedance hie - 2000 Ohms 
(lC = -10 mAdc, VCE = -10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio hre X 10-4 
(lC = -10 mAdc, VCE = -10 Vdc, f = 1.0 kHz) MPS3638 - 26 

MPS3638A - 15 

Small-Signal Current Gain hfe -
(lC = -10 mAdc, VCE = -10 Vdc, f = 1.0 kHz) MPS3638 25 -

MPS3638A 100 -
Output Admittance hoe - 1.2 mmhos 

(lC = -10 mAdc, VCE = -10 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = -10Vdc,IC = -300 mAdc, td - 20 ns 

Rise Time IBl = -30 mAdc) 
tr - 70 ns 

Storage Time (VCC= -10Vdc,IC= -300mAdc, ts - 140 ns 

Fall Time IBl = -30 mAdc, IB2 = -30 mAdc) 
tf - 70 ns 

Turrt-On Time (lC = -300 mAdc, IBl = -30 mAdc) ton - 75 ns 

Turn-Off Time (lC = -300 mAde, IBl = -30 mAde, IB2 = 30 mAdc) toff - 170 ns 

(1) Pulse Test: Pulse Width ,,300 fJoS, Duty Cycle "2.0%. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -12 Vde 

Collector-Base Voltage VCBO -12 Vde 

Emitter-Base Voltage VEBO -4.0 Vde 

Collector Current - Continuous IC -80 mAde 

Total Device Dissipation @TA = 25"C Po 625 mW 
Derate above 25"C 5.0 mWrC 

Total Device Dissipation @TC = 25"C Po 1.5 Watts 
Derante above 25"C 12 mWrC 

Operating and Storage Junction TJ, Tstg -55 to +150 "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 200 "CIW 

Thermal Resistance, Junction to Case R8JC 83.3 "CIW 

ELECTRICAL CHARACTERISTICS (T A = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (lC = -100 /lAde, VBE = 0) 

Collector-Emitter Sustaining Voltage(l) (lC = -10 mAde,lB = 0) 

Collector-Base Breakdown Voltage (lC = -100 /lAde, IE = 0) 

Emitter-Base Breakdown Voltage (IE = -100/lAde, IC = 0) 

Collector Cutoff Current (VCE = -6.0 Vde, VBE = 0) 
(VCE = -6.0 Vde, VBE = 0, TA = 65"C) 

Base Current - (VCE = -6.0 Vde, VEB = 0) 

ON CHARACTERISTlCS(l) 

DC Current Gain (lC = -10 mAde, VCE = -0.3Vde) 
(lC = -50 mAde, VCE = -1.0Vde) 

Collector-Emitter Saturation Voltage 
(lC = -10 mAde, IB = -1.0 mAde) 
(lC = -50 mAde, IB = -5.0 mAde) 
(lC = -10 mAde, IB = -1.0 mAde, TA = 65"C) 

Base-Emitter Saturation Voltage (lC = -10 mAde, IB = -0.5 mAde) 
(lc = -10 mAde, IB = -1.0 mAde) 
(lC = -50 mAde, IB = -5.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -10 mAde, VCE = -5.0 Vde, f = 100 MHz) 

Output Capacitance (VCB = -5.0 Vde, IE =0, f = 1.0 MHz) 

Input Capacitance (VEB = -0.5 Vde, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = -6.0 Vde, IC = -50 mAde, VBE(off) = -1.9 Vde, 

Rise Time IB1 = -5.0 mAde) 

Storage Time (VCC = -6.0 Vde, IC = -50 mAde, IB1 = IB2 = -5.0 mAde) 

Fall Time 

Turn-On Time 
(VCC = -6.0 Vde, IC = -50 mAde, IB1 = -5.0 mAde) 
(VCC = -1.5 Vde,lc = -10 mAde, IB1 =; -0.5 mAde) 

Turn-Off Time 
(VCC = -6.0 Vde, IC = -50 mAde,IB1 = IB2 = -5.0 mAde) 
(VCC= -1.5Vde,lc= -10 mAde,IB1 = IB2 = -0.5 mAde) 

(1) Pulse Test: Pulse W,dth", 300 /LS, Duty Cycle'" 2.0%. 

MPS3640 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

.~~ 
1 Emitter 

SWITCHING TRANSISTOR 

PNPSIUCON 

Symbol Min Max Unit 

V(BR)CES -12 - Vde 

VCEO(sus) -12 - Vde 

V(BR)CBO -12 - Vde 

V(BR)EBO -4.0 - Vde 

ICES - -0.01 /lAde 
- -1.0 

IB - -10 nAde 

hFE 30 120 -
20 -

VCE(sat) Vde 
- -0.2 
- -0.6 
- -0.25 

VBE(sat) -0.75 -0.95 Vde 
-0.75 -1.0 
- -1.5 

11' 500 - MHz 

Cobo - 3.5 pF 

Cibo - 3.5 pF 

td - 10 ns 

tr - 30 ns 

ts - 20 ns 

tf - 12 ns 

ton ns 
- 25 
- 60 

toff - ns 
- 35 

75 
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~.li 
PULSE SOURCE 
Rise Time~ 1.0 ns 
Pul .. Width ::0100 ns 
lin = 50 Ohms 
Fall Tim.:: 1.0 ns 

FIGURE 1 

Vss =+1.9 V VCC = -6.0 V 

1.0 k 

O.I/lF 

Vin:r 

Vout 

TO SAMPLING SCOPE 
Input l ~100 k 
Rise Time~ 1.0 ns 

NOTES: Collactor Currant = 50 mA, Turn·On and Turn·Off Tim. 
Ba .. Currants = 5.0 mAo 

FIGURE 3 - DC CURRENT GAIN 
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FIGURE 7 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 2 

VBB = -6.0 V VCC = 1.5 V 

5.0 k 

O.I/lF 

130 

Vout 

PULSE SOURCE 
Rise Time~ 1.0 ns 
Pulse Width ~200 ns 
lin = 50 Ohms 

Vini TO SAMPLING SCOPE 
Input l ~100 k 

FaU Time::: 1.0 ns 

Ri. Tima::::'l.0 ns 

NOTES: Collector Currant = 10 mA, Turn·On and Turn·Off Tima 
Base Currants = 0.5 mAo 

FIGURE 4 - "ON" VOLTAGES 
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FIGURE 6 - TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 15 Vde 

Collector-Emitter Voltage VCES 40 Vde 

Collector-Base Voltage VCBO 40 Vde 

Emitter-Base Voltage VEBO 5.0 Vde 

Collector Current - Continuous IC 300 mAde 
-10 J.£S Pulse SOD 

Total Device Dissipation @ T A = 25"C Po 625 mW 
Derate above 25"C 5.0 mWrC 

Total Device Dissipation @TC = 25"C Po 1.5 Watts 
Derate above 25"C 12 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 "C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R(JJA 200 "CIW 

Thermal Resistance, Junction to Case R6JC 83.3 "CIW 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (lC = 100 !lAde, VBE = 0) 

Collector-Emitter Sustaining Voltage(l) (lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage (lC = 100 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage (IE = 100 !lAde, IC = 0) 

Collector Cutoff Current (VCE = 20 Vde, VBE = 0) 
(VCE = 20 Vde, VBE = 0, TA = 65"C) 

ON CHARACTERISTICS(1) 

DC Current Gain (lC = 30 mAde, VCE = 0.4 Vde) 
(lC = 100 mAde, VCE = 0.5 Vde) 
(lC = 300 mA, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage (lC = 30 mAde, IB = 3.0 mAde) 
(lC = 100 mAde, IB = 10 mAde) 
(lC = 300 mAde, IB = 30 mAde) 
(lC = 30 mA, IB = 3.0 mA, TA = 65"C) 

Base-Emitter Saturation Voltage (lC = 30 mAde, IB = 3.0 mAde) 
(lC = 100 mAde, 18 = 10 mAde) 
(lC = 300 mAde, IB = 30 mAl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 30 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 

Delay TIme 
(VCC = 10 Vde, IC = 300 mAde, 181 = 30 mAde) 
(Figure 1) 

Rise Time 

Turn-Off Time (VCC = 10 Vde, IC = 300 mAde, IBl = IB2 = 30 mAde) 

Fall TIme (Figure 1) 

Storage Time 
(VCC = 10 Vde, IC = 10 mAde, IBl = IB2 = 10 mAde) (Figure 2) 

(1) Pulse Test: Pulse W,dth .. 300 J.£S, Duty Cycle .. 2.0%. 

MPS3646* 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

~~ 
1 Emitter 

SWITCHING TRANSISTOR 

Symbol 

V(BR)CES 

VCEO(sus) 

VJBR)CBO 

V{BR)EBO 

ICES 

hFE 

VCE(sat) 

VBE(sat) 

". 

Cobo 

Cibo 

ton 

Id 
tr 

toff 

tf 

ts 

NPN SILICON 

*Thls Is a Motorola 
designated preferred device. 

Refer to 2N4264 for graphs. 

Min Max 

40 -
15 -
40 -
5.0 -
- 0.5 
- 3.0 

30 120 
25 -
15 -
- 0.2 
- 0.28 
- 0.5 
- 0.3 

0.73 0.95 
- 1.2 
- 1.7 

350 -

- 5.0 

- 9.0 

- 18 

- 10 

- 15 

- 28 

- 15 

- 18 

Unit 

Vde 

Vde 

Vde 

Vde 

!lAde 

-

Vde 

Vde 

MHz 

pF 

pF 

ns 

ns 

ns 

ns 

ns 

ns 
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FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

+7.6Vn 
...J L 0.1 

o Vin1 
tr,tf < 1.0 ns 
Pulse Width ~ 240 ns 50 

Zin = 50 n 

-3.0 V 

1.0 k 

120 

+10 V 

33 

To Sampling Scope 

t r <1.0 ns 
Zin = 100 kfl 

FIGURE 2 - CHARGE STORAGE TIME TEST CIRCUIT 

0~1 Vin 
-10 V 56 

t, < 1.0 n. 
Pulse Width = 300 ns -= 
Duty Cycle = 2.0% 

Zin = 50 fl 

+11 V 

500 

500 

"A" 
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+10 V 

+6.0 V 

t, 

To Sampling Scope 

tr~1.0 ns 
Zin = 100 kfl 

10% Pulse 

MPS3646 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 30 

Collector-Base Voltage VCBO 55 

Emitter-Base Voltage VEBO 3.5 

Collector Current - Continuous IC 0.4 

Total Device Dissipation @ T A = 25·C Po 625 
Derate above 25·C 5.0 

Total Device Dissipation @ TC = 25·C Po 1.5 
Derate above 25·C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RIIJA 200 

Thermal Resistance, Junction to Case RIIJC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc = 5.0 mAde, RBE = 10 fi) 

Collector-Emitter Sustaining Voltage 
(lC = 5.0 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 IlAde, IC = 0) 

Collector Cutoff Current 
(VCE = 28 Vde, IB = 0) 

Collector Cutoff Current 
(VCE = 30 Vde, VEB = -1.5 Vde (Rev.), TC = 150·C) 
(VCE = 55 Vde, VEB = -1,5 Vde (Rev.) 

Emitter Cutoff Current 
(VEB = 3.5 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 360 mAde, VCE = 5.0 Vde)(l) 
(lC = 50 mAde, VCE = 5.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 100 mAde, IB = 20 mAde) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 50 mAde, VCE = 15 Vde, f = 200 MHz) 

Output Capacitance 
(VCB = 28 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Amplifier Power Gain 
(VCC = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 

Collector Efficiency 
(VCC = 28 Vde, Pout = 1.0 W, f = 400 MHz) 

(1) Pulse Test: Pulse Width E; 300 ps, Duty Cycle E; 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

mW 
mWrC 

Watts 
mWrC 

·C 

Unit 

·CIW 

·CIW 

MPS3866 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

1/~~'-
2 1 Emitter 

3 

AMPLIFIER TRANSISTOR 

NPNSIUCON 

Symbol Min Max Unit' 

VCER(sus) 55 - Vde 

VCEO(sus) 30 - Vde 

V(BR)EBO 3.5 - Vde 

ICES - 0.02 mAde 

ICEX mAde 
- 5.0 
- 0.1 

lEBO - 0.1 mAde 

hFE -
5.0 -
10 200 

VCE(sat) - 1.0 Vde 

fy 500 - MHz 

Cobo - 3.0 pF 

Gpe 10 - dB 

71 45 - % 
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FIGURE 1 - 400 MHz TEST CIRCUIT SCHEMATIC 

RF 
Inputs 

Cl: 3.035 pF 
C2, C5: 8.0 SO pF 

C3: 12 pF 
C4: l000pF 
CS: 0.9-7.0 pF 
L 1: Two turns #18 Wire, 

1/4"10, 1/8" long 
L2: FERRITE RF Choke, 

Ll 

One Turn, Z = 450 Ohms 
L3, L4: RF Choke, 0.1 "H 

L5: 2-3/4 Turns, #18 Wire, 
1/4" 10, 3/1S" long 

Rl: 5.S Ohms 

C2 

L2 

Rl 
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C5 L5 

L3 CS 

C3 

C4 

T ... - .. 1>----« ~8 Vac 

or 

MPS3888 

RF 
Inputs 
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MAXIMUM RATINGS 
Rating Symbol Valua 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VCBO 60 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous IC 100 

Total Device Dissipation @ TA = 25'C PD 625 
Derate above 25'C 5.0 

Total Power Dissipation @TA = 6O'C PD 450 

Total Device Dissipation @ TC = 25'C PD 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 10 ,.Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 ,.Ade, IC = 0) 

Collector Cutoff Current 
(VCE = 30 Vde, VEB(offl = 3.0 Vde) 

Base Cutoff Current 
(VCE = 30 Vdc, VEB(off) = 3.0 Vde) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lC = 0.1 mAde, VCE = 1.0 Vde) 
(lC = 1.0 mAde, VCE = 1.0 Vde) 
(lC = 10 mAde, VCE = 1.0 Vde) 
(lC = 50 mAde, VCE = 1.0 Vdc) 
(lC = 100 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 
(lC = 50 mAde, IB = 5.0 mAde) 

Base-Emitter Saturstion Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 
(lC = 50 mAde, IB = 5.0 mAde) 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWI'C 

mW 

Watts 
mWI'C 

'c 

Unit 

'CIW 

'c/w 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

IBL 

hFE 

VCE(sat) 

VBE(sat) 

MPS3904 

CASE 29-04, STYLE 1 
TO-92 (TO-226AAI 

3 Collector 

~~ 
1 Emitter 

GENERAL PURPOSE 
TRANSISTOR 

NPNSILICON 

Min Max 

40 -

60 -

6.0 -

- 50 

- 50 

40 -
70 -
100 300 
60 -
30 -

- 0.2 
- 0.3 

0.65 0.85 
- 1.1 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 
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ELECTRICAL CHARACTERISTICS (continued) (T A = 25'C unless otherwise noted.) 

I Characteristic I Symbol Min Max 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 200 -
(lC = 10 mAdc, VCE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cabo - 4.0 
(VCB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - B.O 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

Input Impedance hie 1.0 10 
(lC = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio hre 0.5 B.O 
(lC = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain hfe 100 400 
(lC = 1.0 mAde, VCE = 10 Vdc, f = 1.0 kHz) 

Output Admittance hoe 1.0 40 
(lC = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 

Noise Figura NF - 5.0 
(lC = 100 J.'Adc, VCE = 5.0 Vdc, RS = 1.0 kil, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = 3.0 Vdc, VBE(off) = -0.5 Vdc, td - 35 

Rise Time IC = 10 mAdc, IBl = 1.0 mAdc) tr - 50 

Storage Time (VCC = 3.0 Vdc, IC = 10 mAdc, ts - 900 

Fall Time IBl = IB2 = 1.0 mAdc) tf - 90 

(1) Pulse Test: Pulse Width"" 300 J.'S, Duty Cycle"" 2.0%. 

EQUIVALENT SWITCHING TIME TEST CIRCUITS 

FIGURE 1 - TURN·ON TIME FIGURE 2 - TURN'()FF TIME 

300 n. -t ~ +3.0 V 

Duty Cycle - 2a-+10.9 V 
10<'1 <SOOps-..{ 'I I:!:::..- +109V 

10 k 

-0.5 V , 

<1.0 ns ~ 

"",0,.,,· ':q; 
-9.1 V --i-...... <1.0 ns 

·Total shunt capacitance of test jig and connectors 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

MPS3904 

Unit 

MHz 

pF 

pF 

kil 

X 10-4 

-

J.'mhos 

dB 

ns 

ns 

ns 

ns 
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MPS3904 

TYPICAL NOISE CHARACTERISTICS 
(VCE = 5.0 Vdc, T A = 250 CI 

FIGURE 3 - NOISE VOLTAGE FIGURE 4 - NOISE CURRENT 
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NOISE FIGURE CONTOURS 
(VCE = 5.0 Vdc, T A = 250CI 

FIGURE 5 - NARROW BAND, 100 Hz 

Bandwidth = 1.0 Hz 

2.0 dB 

3.0 dB 4.0 dB 

6.0dB7=C 10dB 

20 30 50 70 100 100 300 500 700 1.0 k 
IC, COLLECTOR CURRENT (.A) 

FIGURE 7 - WIDEBAND 

1.0 dB 

10 Hz to 15.7 kHz -I 

2.0dB~H 

~3.0dB 
5.0 dB 

B.O dB 

20 30 50 70 100 200 300 500 700 1.0 k 
IC. COLLECTOR CURRENT (.A) 

FIGURE 6 - NARROW BAND, 1,0 kHz 

1.0M 

500 k Bandwidth = 1.0 Hz:: 

;;; 200 k 

~ lOOk 
o 
~ SDk 

~ 20k .... 
~ 10k 

~ 5.0 k 

~ 2.0 k 
::> 
~ l.Ok 

~ 500 

~ ~ ~ 1.0 dB 

2.0dB 
3.0dB 

5.0 dB 

B.OdB 200 
100 

10 20 30 50 70 100 200 300 500 700 1.0 k 
lC, COLLECTOR CURRENT I.A) 

Noise Figure is Defined as: 

~ 2 2 2J1/2 
NF = 20 10910 en + 4KTRS +1 n RS 

4KTRS 

en = Noise Voltage of the Transistor referred to the input. (Figure 3) 

In = Noise Current of the transistor referred to the input (Figure 4) 

K = Boltzman's Constant 11.38 x 10-23 j/oK) 

T = Temperature of the Source Resistance (OK) 

RS = Source Resistance (Ohms) 
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TYPICAL STATIC CHARACTERISTICS 

FIGURE 8 - DC CURRENT GAIN 
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TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 13 - TURN'()N TIME 
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FIGURE 16 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 19 - THERMAL RESPONSE 

W 

10 

0.7 

~ 0.5 
« 
t; 0.3 

~ _ 0.2 
~c «W 
"'~ ::B -< 0.1 
i= ~ 0.07 

~ ~O.O 5 
;;; 
~ 0.03 

>- 0.02 

0.0 1 

f-

f-

f-

~ 

0·0.5 

0.2 

0.1 

r- 0.05 

- 0.02 -0.01 I--"' V - "'S;nglt Pu:se IJ. 
0.01 0.02 0.05 0.1 0.2 05 10 2.0 50 10 20 

FIGURE 19A 

f- VCC - 30 Vde ./ 
./ 

ICED 

V ./ 

ICBO 
AND 

1 
ICEX @ VBElolf) ·3.0 Vde-

10- 2 
-40 -20 0 +20 +40 +60 +80 +100 +120 +140 +160 

TJ. JUNCTION TEMPERATURE 1°C) 

400 

200 

~ 
;: 100 
ffi 
~ 60 

~ 40 
c 
t; 

._. . ... ,.- , .. 
.... 

fA 

TJ·1500C 

FIGURE 20 -1. ;;;;-... NOD", 
, ... '-. 1.0, 

TC 2502'" 
de 

25°C 
de 

..... 
'-" 

-. -CURRENT LIMIT 

~ 20 

~ 10 ---THERMAL LIMIT 

6.0 

4.0 
2.0 

SECOND BREAKDOWN LIMIT 

4.0 6.0 B.O 10 20 
VCE, COLLECTOR·EMITTER VOLTAGE IVOLl S) 

lOps 

~ 

40 

IoO'l .1 I I II fiGURE 19A I I III. 

pfJUl 
1:~-l 

DUTY CYCLE. D· l1i'2 
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~ 
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DESIGN NOTE: USE OF THERMAL RESPONSE DATA 

A train of periodical power pulses can be represented 
by the model as shown in Figure 19A. Using the model 
and the device thermal response the normalized effective 
transient thermal resistance of Figure 19 was calculated 
for various duty cycles . 

To find Z9JA(t), mUltiply the value obtained from Figure 
19 by the steady state value R9JA. 

Example: 
The MPS3904 is dissipating 2.0 watts peak under the fol­
lowing conditions: 

t1 = 1.0 ms, t2 = 5.0 ms. (D = 0.2) 
Using Figure 19 at a pulse width of 1.0 ms and D = 0.2, 
the reading of r(t) is 0.22. 

The peak rise in junction temperature is therefore 
IlT = r(t) x P(pk) x R9JA = 0.22 x 2.0 x 200 = 88°C. 

For more information, see AN-569. 

The safe operating area curves indicate IC-VCE limits 
of the transistor that must be observed for reliable oper­
ation. Collector load lines for specific circuits must fall 
below the limits indicated by the applicable curve. 

The data of Figure 20 is based upon TJ(pk) = 150°C; 
TC or TA is variable depending upon conditions. Pulse 
curves are valid for duty cycles to 10% provided TJ(pk) 
'" 150°C. T J(pk) may be calculated from the data in Figure 
19. At high case or ambient temperatures, thermal limi­
tations will reduce the power than can be handled to 
values less than the limitations imposed by second 
breakdown. 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO -40 

Collector-Base Voltage VCBO -40 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -200 

Total Device Dissipation @ TA = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @ TC = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R6JC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OfF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = -1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lc = -10 ItAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -10 ItAde, IC = 0) 

Collector Cutoff Current 
(VCE = -30 Vde, VEB(off) = -3.0 Vde) 

Base Cutoff Current 
(VCE = -30 Vde, VEB(off) = -3.0 Vde) 

ON CHARACTERISTlCS(1) 

DC Current Gain 
(lC= -0.1 mAde,VCE = -1.0Vde) 
(lc = -1.0 mAde, VCE = -1.0 Vde) 
(lc = -10mAde,VCE = -1.0Vde) 
(lc = -50 mAde, VCE = -1.0 Vde) 
(lC = -100 mAde, VCE = -1.0Vde) 

Collector-Emitter Saturation Voltage 
(lC = -10 mAde, IB = -1.0 mAde) 
(lC = -50 mAde, IB = -5.0 mAde) 

Base-Emitter Saturation Voltage 
(lc = -10 mAde, IB = -1.0 mAde) 
(lC = -50 mAde, IB = -5.0 mAde) 

SMALl-5IGNAl CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = -10 mAde, VCE = -20V,f = 100 MHz) 

Unit 

Vde 

Vde 

Vde 

Vde 

mW 
mWI'C 

Watts 
mWI'C 

'c 

Unit 

'CIW 

'c/w 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

IBl 

hFE 

VCE(sat) 

VBE(sat) 

MPS3906 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

.:.(S-
1 Emitter 

GENERAL PURPOSE 
TRANSISTOR 

PNPSILICON 

Refer to 2N5086 for graphs. 

Min Max 

-40 -
-40 -
-5.0 -

- -50 

- -50 

60 -
80 -
100 300 
60 -
30 -

- -0.25 
- -0.4 

-0.65 -0.85 
- -0.95 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 
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MPS3906 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Output Capacitance Cobo - 4.5 pF 
(VCB = -5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - 10 pF 
(VEB = -0.5 Vdc, IC = 0, f = 1.0 MHz) 

Input Impedance hie 2.0 12 kohms 
(lC = -1.0 mAdc, VCE = -10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio hre 1.0 10 X 10-4 
(lc = -1.0 mAdc, VCE = -10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain hfe 100 400 -
(lC = -1.0 mAdc, VCE = -10 Vdc, f = 1.0 kHz) 

Output Admittance hoe 3.0 60 ",mhos 
(lC = -1.0 mAdc, VCE = -10 Vde, f = 1.0 kHz) 

Noise Figure NF - 4.0 dB 
(lC = -100 p.Ade, VCE = -5.0 Vde, RS = 1.0 k ohm, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = -3.0 Vde, VBE(off) = +0.5 Vde, td - 35 ns 

Rise Time IC = -10 mAde, IBl = 1.0 mAde) tr - 50 ns 

Storage Time (VCC = -3.0Vde, IC = -10 mAde, ts - 600 ns 

Fall Time IBl = IB2 = -1.0 mAde) tf - 90 ns 

(1) Pulse Test: Pulse Width = 300 "'S, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 

Rating Symbol MPS4123 MPS4124 Unit 
Collector-Emitter Voltage VCE 30 25 Vdc 

Collector-Base Voltage VCB 40 30 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 200 mAdc 

Total Power Dissipation @ T A = 25'C Po 625 mW 
Derate above 25'C 5.0 mWI'C 

Total Power Dissipation @ TC = 25'C Po 1.5 W 
Derate above 25'C 12 mWI'C 

Operating and Storage Junction TJ, Tstg -55 to +150 'c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 
Thermal Resistance, Junction to Ambient R8JA 200 'CIW 

Thermal Resistance, Junction to Case R8JC 83.3 'CIW 

ELECTRICAL CHARACTERISTICS (TC = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage MPS4123 
(lc = 1.0 mA, IB = 0) MPS4124 

Collector-Base Breakdown Voltage MPS4123 
(lC = 10 pA, IE = 0) MPS4124 

Emitter-Base Breakdown Voltage (lC = 0, IE = 10 pA) 

Collector Cutoff Current (VCB = 20 V, IE = 0) 

Emitter Cutoff Current (VEB = 3.0 V, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 2.0 mA, VCE = 1.0 V) MPS4123 

MPS4124 
(lc = 50 mA, VCE = 1.0 V) MPS4123 

MPS4124 

Collector-Emitter Saturation Voltage 
(lC = 50 mA, IB = 5.0 mAl 

Base-Emitter Saturation Voltage 
(lc = 50 mA, IB = 5.0 mAl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product MPS4123 
(lC = 10 mA, VCE = 20 V, f = 100 MHz) MPS4124 

Output Capacitance 
(VCB = 5.0 V, IE = 0, f = 1.0 MHz) 

Input Capacitance MPS4123 
(VEB = 0.5 V, IC = 0, f = 1.0 MHz) MPS4124 

Small-Signal Current Gain MPS4123 
(lC = 2.0 mA, VCE = 1.0 V, f = 1.0 kHz) MPS4124 

Noise Figure 
(lC = 100 pA, VCE = 5.0 V, RS = 1.0 ill, MPS4123 
f = 1.0 kHz) MPS4124 

Rev 1 

MPS4123 
MPS4124 

CASE 29·04, STYLE 1 
TO·92 (TO·226AA) 

3 Coilector 

~~ 
1 Emitter 

AMPLIFIER TRANSISTORS 

NPNSIUCON 

Symbol Min Max Unit 

V(BR)CEO 30 - Vdc 
25 -

V(BR)CBO 40 - Vdc 
30 -

V(BR)EBO 5.0 - Vdc 

ICBO - 50 nAdc 

lEBO - 50 nAdc 

hFE -
50 150 
120 360 
25 -
60 -

VCE(sat) - 0.3 Vdc 

VBE(sat) - 0.95 Vdc 

fT 100 - ~Hz 

170 -
Cob - 4.0 pF 

Cib - 14 pF 
- 13.5 

hfe 50 200 -
120 480 

NF dB 
- 6.0 
- 5.0 

2-306 Motorola Small-Signal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS 

Rating Symbol MPS4125 MPS4126 Unit 

Collector-Emitter Voltage VCE -30 -25 Vdc 

Collector-Base Voltage VCB -10 -25 Vdc 

Emitter-Base Voltage VEB -4.0 Vdc 

Collector Current - Continuous IC -200 mAde 

Total Power Dissipation @ TA = 25'C Po 625 mW 
Derate above 25'C 5.0 mWI'C 

Total Power Dissipation @ TC = 25'C Po 1.5 W 
Derate above 25'C 12 mWI'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 'c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 200 'c/w 

Thermal Resistance, Junction to Case R9JC 83.3 'c/w 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage MPS4125 
(lC = -1.0 mA. IB = 0) MPS4126 

Collector-Base Breakdown Voltage MPS4125 
(lC = -10 pA, IE = 0) MPS4126 

Emitter-Base Breakdown Voltage (lC = 0, IE = -10 pA) 

Collector Cutoff Current (VCB = - 20 V, IE = 0) 

Emitter Cutoff Current (VEB = -3.0 V, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -2.0 mA. VCE = -1.0 V) MPS4125 

MPS4126 
(lc = -50 mA. VCE = -1.0 V) MPS4125 

MPS4126 

Collector-Emitter Saturation Voltage 
(lC = -50 mA, IB = -5.0 mAl 

Base-Emitter Saturation Voltage 
(lC = -50 mA, IB = -5.0 mAl 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product MPS4125 
(lC = -10 mA, VCE = -20 V, f = 100 MHz) MPS4126 

Output Capacitance 
(VCB = -5.0 V, IE = 0, f = 1.0 MHz) 

Input Capacitance MPS4125 
(VEB = -0.5 V, IC = 0, f = 1.0 MHz) MPS4126 

Small-Signal Current Gain MPS4125 
(lC = -2.0 mA, VCE = -1.0 V, f = 1.0 kHz) MPS4126 

Noise Figure 
(lC = -100 pA, VCE = -5.0 V, RS = 1.0 kO, MPS4125 
f = 1.0 kHz) MPS4126 

Rev 1 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MPS4125 
MPS4126 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

.~~ 
1 Emitter 

AMPLIFIER TRANSISTORS 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO -30 - Vdc 
-25 -

V(BR)CBO -30 - Vdc 
-25 -

V(BR)EBO -4.0 - Vdc 

ICBO - -50 nAdc 

lEBO - -50 nAdc 

hFE -
50 150 
120 360 
25 -
60 -

VCE(sat) - -0.4 Vdc 

VBE(sat) - -0.95 Vdc 

tr 150 - MHz 
170 -

Cob - 4.5 pF 

Cib - 12 pF 
- 11.5 

hfe 50 200 -
120 480 

NF dB 
- 5.0 
- 4.0 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO -40 

Collector-Emitter Voltage VCES -40 

Collector-Base Voltage VCBO -40 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -
Total Device Dissipation @ TA = 25°C PD 625 

Derate above 25°C 5.0 

Total Device Dissipation @ TC = 25·C PD 1.5 
Derate above 25·C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8.JA 200 

Thermal Resistance, Junction to Case R8.JC 83.3 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = -5.0 mAl 

Collector-Emitter Sustaining Voltage(1) 
(lC = -5.0) 

Collector-Base Breakdown Voltage 
(lc = -10 pAl 

Emitter-Base Breakdown Voltage 
(IE = -10 pAl 

Collector Cutoff Current 
(VCB = -50 V) 
(VCB = -40 V, TA = 65·C) 

Emitter Cutoff Current 
(VEB = -3.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = -1.0mA.VCE = -5.0 V) 
(lc = -10mA,VCE = -5.0V) 

Collector-Emitter Saturation Voltage(1) 
(lC = -10 mA,lB = -0.5 mAl 

Base-Emitter Saturation Voltage(1) 
(lC = -10 mA,lB = -0.5 mAl 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(VCB = -5.0 V, f = 1.0 MHz) 

Input Capacitance 
(VEB = -0.5 V, f = 1.0 MHz) 

Small-Signal Current Gain 
(lC = -1.0 mA, VCE = -5.0 V, f = 1.0 kHz) 
(lc = -0.5 mA, VCE = -5.0 V, f = 20 MHz) 

Noise Figure 
(lC = -20 pA, VCE = -5.0 V, RS = 10 kO, 
f = 1.0 kHz, PBW = 150 Hz) 
(lc = -250 pA, VCE = -5.0 V, RS = 1.0 kO, 
f = 1.0 kHz, PBW = 150 Hz) 

(1) Pulse Test: Pulse Width = 300 p.s, Duty Cycle = 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWrC 

mW 
mWrC 

°c 

Unit 

0c/w 

.C/W 

Symbol 

V(BR)CES 

MPS4250 

CASE 29-04, STYLE 1 
TO-92 (TO-226M) 

3 Collector 

~-© 
1 Emitter 

TRANSISTORS 

PNPSILICON 

Min Max Unit 

-40 - Vdc 

V(BR)CEO(sus) -40 - Vdc 

V(BR)CBO -40 - Vdc 

V(BR)EBO -5.0 - Vdc 

ICBO 
- -10 nA 
- -3.0 pA 

lEBO - -20 nA 

hFE -
250 -
250 -

VCE(sat) - -0.25 Vdc 

VBE(sat) - -0.9 Vdc 

Cobo - 6.0 pF 

Cibo - 16 pF 

hfe -
250 800 
2.0 -

NF dB 

- 2.0 

- 2.0 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO -12 

Collector-Base Voltage VCBO -12 

Emitter-Base Voltage VEBO -4.5 

Collector Current - Continuous IC -80 

Total Device Dissipation @ T A = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @ TC = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 
CharllCteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 26'C unless otherwise noted. I 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(11 
(lC = -100 J.tAde, VBE = 0) 

Collector-Emitter Sustaining Voltage(l) 
(lC = - 3.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = -100 J.tAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -100 J.tAde, IC = 0) 

Collector Cutoff Current 
(VCE = -6.0 Vde, VBE = 0) 
(VCE = -6.0 Vde, VBE = 0, TA = + 65'CI 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -1.0 mAde, VCE = -0.5 Vde) 
(lC = -10 mAde, VCE = -3.0 Vdel 
(lC = -50 mAde, VCE = -1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = -10 mAde, IB = -1.0 mAde) 
(lC = -50 mAde, IB = -5.0 mAde) 

Base-Emitter On Voltage 
(lC = -10 mAde, IB = -1.0 mAde) 
(lC = -50 mAde, IB = -5.0 mAde) 

SMAU.-SIGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product(21 
(lC = -10 mAde, VCE = -10 Vde, f = 100 MHz) 

Input Capacitance 
(VEB = -0.5 Vde, IC = 0, f = 1.0 MHz) 

Collector-Base Capacitance 
(VCB = -5.0 Vde, IE = 0, f = 1.0 MHz) 

Motorola Smali-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWrc 

Watts 
mWrC 

'C 

Unit 

'c/w 

'C/W 

MPS4258 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

1'~~"-' 
2 1 Emitter 

3 

SWITCHING TRANSISTOR 

PNPSILICON 

Refer to MPS3640 for graphs. 

Symbol Min Max Unit 

V(BR)CES -12 - Vde 

VCEO(sus) -12 - Vde 

V(BR)CBO -12 - Vde 

V(BR)EBO -4.5 - Vde 

ICES J.tAde 
- -0,01 

- -5.0 

hFE -
15 -
30 120 
30 -

VCE(sat) Vdc 
- -0.15 
- -0.5 

VBE(sat) Vde 
-0.75 -0.95 

- -1.5 

IT 700 - MHz 

Cibo - 3.5 pF 

Cob - 3.0 pF 
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MPS4258 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25"(; unless otherwise noted.) 

I Characteristic I Symbol 

SWITCHING CHARACTERlSllCS 

Turn-On Time (Vee = -.1.5 Vde, 
Delay Time VEB(off) = 0, 

Rise Time Ie = -10 mAde,lBl = -1.0 mAde) 

Turn-Off Time (Vee = -1.5 Vde, 
Storage Time Ie = -10 mAde, 

Fall Time IBl = IB2 = -1.0 mAde) 

Storage Time 
(Ie = -10 mAde,lBl = -10 mAde,IB2 = 10 mAde) 

(1) Pulse Test: Pulse Width .. 300 ,.,., Duty Cycle .. 2.0%. 
(2) tr is defined as the frequency at which Ihfel extrapolates to unity. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

0.1 pF 

Vinq.; lin = 50 n 
1,<I.Dn. 50n 
tw = 240 n. 

Vss 

R2 

R3 

Vee 

Rl 

Your 
lin;;' 100 k!l 

tr< tOns 

Vin Vss 
Volts Volts 

Ion -5.S GND 
loff +9.S -S.O 
I, +9.0 -10 

ton 

ld 
tr 

toff 

ts 
tf 

ts 

Vee Rl 
Volts Ohms 

-1.5 130 
-1.5 130 
-3.0 270 

Min Max Unit 

- 15 ns 

- 10 ns 

- 15 ns 

- 20 ns 

- 10 ns 

- 20 ns 

- 20 ns 

R2 R3 Ie lSI IS2 
Ohms Ohms mA mA rnA 

2.2 k 5k 10 1.0 -
2.2 k 5k 10 1.0 1.0 
510 39D 10 10 10 
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MAXIMUM RATINGS 
Rating Symbol Valua Unit 

Collector-Emitter Voltage VCEO 12 Vde 

Collector-Base Voltage VCBO 20 Vde 

Emitter-Base Voltage VEBO 2.5 Vde 

Collector Current - Continuous IC 50 mAde 

Total Device Dissipation @ T A = 25°C Po 200 mW 
Derate above 25°C 1.14 mWrC 

Total Device Dissipation @ TC = 250C Po 300 mW 
Derate above 25°C 1.71 mWrC 

Storage Temperature Range Tsta -55 to +150 °c 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(lC = 3.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 0.001 mAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.01 mAde, IC = 0) 

Collector Cutoff Current 
(VCB = 15 Vde, IE = 0) 
(VCB = 15 Vde, IE = 0, TA = lSOOC) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 3.0 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

SMALL-8IONAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(l) 
(lC = 5.0 mAde, VCE = 6.0 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vde, IE = 0, f = 0.1 to 1.0 MHz) 

Small Signal Current Gain 
(lC = 2.0 mAde, VCE = 6.0 Vde, f = 1.0 kHz) 

Collector Base Time Constant 
(IE = 2.0 mAde, VCB = 6.0 Vde, f = 31.9 MHz) 

Noise Figure (See Figure 1) 
(lc = 1.5 mAde, VCE = 6.0 Vde, RS = 50 ohms, f = 200 MHz) 

Common-Emitter Amplifier Power Gain (See Figure 1) 
(VCE = 6.0 Vde, IC = 5.0 mAde, f = 200 MHz) 

(1) fr is defined as the frequency at which JhfeJ extrapolates to unity. 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

MPS5179* 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

HIGH FREQUENCY TRANSISTOR 

NPNSILICON 
*This is a Motorola 

designated preferred device. 

Symbol Min Max 

VCEO(sus) 12 -

V(BR)CBO 20 -

V(BR)EBO 2.5 -

ICBO 
- 0.02 
- 1.0 

hFE 25 250 

VCE(sat) - 0.4 

VBE(sat) - 1.0 

fr 900 2000 

Ceb - 1.0 

hfe 25 300 

rb'Ce 3.0 14 

NF - 5.0 

Gpe 15 -

Unit 

Vde 

Vde 

Vde 

pAde 

-

Vde 

Vde 

MHz 

pF 

-

ps 

dB 

dB 
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MPS5179 

) 

2-312 

FIGURE 1 - 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 

TYPE 
lN3195 

l1 1·3/4 Turns, #18 AWG, 0.5" l, 0.5" Diameter 
l2 2 Turns, #16 AWG, 0.5" l, 0.5" Diameter 
l3 2 Turns, #13 AWG, 0.25" l, 0.5" Diameter (Position 1/4" from l2) 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO -15 

Collector-Base Voltage VCBO -15 

Emitter-Base Voltage VEBO -4.5 

Collector Current - Continuous IC 50 

Total Device Dissipation @ TA = 25'C PD 625 
Derate above 25'C 5.0 

Total Device Dissipation @ TC = 25'C PD 1.0 
Derate above 25'C 8.0 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R/IJA 200 

Thermal Resistance, Junction to Case R/lJC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless othelWise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (lC = -3.0 mAH1) 

Ccllector-Emitter Breakdown Voltage (lc = -100pA) 

Collector-Base Breakdown Voltage (lC = -100pA) 

Emitter-Base Breakdown Voltage (IE = - 100 pA) 

Collector Cutoff Current (VCB = -8.0 Vdc) 

Collector Cutoff Current (VCE = -8.0 Vdc) 
(VCE = -8.0 Vdc, TA = 125'C) 

Emitter Cutoff Current (VEB = -4.5 Vdc) 

ON CHARACTERISTICS 

DC Current (lC = -1.0 mA VCE = -0.5 Vdc)(1) 
(lc = -10 mA VCE = -1.0 VdcH1) 
(lc = -50 mA VCE = - 1.0 Vdc)(1) 
(lc = -10 mA, VCE = -1.0Vdc, TA = -55'C) 

Collector-Emitter Saturation Voltage(l) 
(lC = -1.0 mA IB = -0.1 mAl 
(lC = -10 mAIB = -1.0 mAl 
(lC = -SO mA, IB = -5.0 mAl 

Base-Emitter Saturation Voltage(1) (lc = -1.0 mA, IB = -0.1 mAl 
(lC = -10 mA, IB = -1.0 mAl 
(lC = -SO mAIB = -5.0 mAl 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance 
(VCB = -5.0 Vdc, f = 140 kHz, f = 1.0 MHz) 

Emitter-Base Capacitance 
(VEB = -0.5 Vdc, f = 140 kHz, f = 1.0 MHz) 

Small-Signal Current Gain 
(lC = -10 mA VCE = -10 Vdc, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 

Delay Time (VCC = -1.5 Vdc, IC = -10 mAdc, 
18 = -1.0 mAl 

Rise Time 

Turn-Off Time (VCC= -1.5V,IC= -10mA 
Fall Time 181 = 182 = -1.0 mAl 

Storage Time (VCC = -1.5 V, IC = -10 mA 
181 = 182 = -:.10.mA) .. 

,. 
(1 I Pulse Conditions: Puis. Length = 300 "s, Duty Cycl. = 1.0%. 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mA 

Watts 
mWf'C 

Watt 
mWf'C 

'c 

Unit 

'CIW 

'CIW 

MPS5771 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

~()-
1 Emitter 

SWITCHING TRANSISTOR 

PNPSIUCON 

Symbol Min Max Unit 

V(BR)CEO -15 - Vdc 

V(BRICES -15 - Vdc 

V(BR)CBO -15 - Vdc 

V(BR)EBO -4.5 - Vdc 

ICBO - -10 nA 

ICES - -10 nA 
- -5.0 pA 

lEBO - -1.0 pA 

hFE 30 - -
35 120 
25 -
15 -

VCE(sat) Vdc 
- -0.15 
- -0.18 
- -0.6 

VBE(sat) - -0.8 Vdc 
-0.75 -0.95 
- -1.5 

Ccb - 3.0 pF 

Ceb - 3.5 pF 

hfe 8.5 - -

ton - 15 ns 

td - 10 ns 

tr - 15 ns 

toff - 20 ns 

tf - 10 ns 

ts - 20 ns 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 50 

Collector-Base Voltage VCBO 60 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous IC 200 

Total Device Dissipation @TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @TC = 25°C Po 1.5 
Derate above 250C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RruA 200 

Thermal Resistance, Junction to Case RruC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted.) 

I Characteristic 

Off CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lc = 0.1 mAde, IE = 0) 

Collector Cutoff Current 
(VCE = 30 Vde) 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(VCE = 5.0 Vde, IC = 0.01 mAde) 
(VCE = 5.0 Vde, IC = 0.1 mAde) 
(VCE = 5.0 Vde, IC = 1.0 mAde) 
(VCE = 5.0 Vde, IC = 10 mAde) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 0.5 mAde) 
(lC = 100 mAde, IB = 5.0 mAde) 

Base-Emitter On Voltage 
(lc = 1.0 mAde, VCE = 5.0 Vde) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = 1.0 mAde, VCE = 5.0 V, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) 

Unit 
Vde 

Vde 

Vde 

mAde 

mW 
mWrc 

Watts 
mWrc 

OC 

Unit 
0c/w 

0c/w 

MPS6428 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

,',:~-
23 1 Emitter 

AMPUFIER TRANSISTOR 

NPNSILICON 

Symbol Min Max Unit 

V(BR)CEO 50 - Vde 

V(BR)CBO 60 - Vde 

ICES - 0.025 ,.,A 

ICBO - 0.01 ,.,A 

lEBO - 0.Q1 ,.,A 

hFE -
250 -
250 650 
250 -
250 -

VCE(sat) Vde 
- 0.2 
- 0.6 

VBE(on) 0.56 0.66 Vde 

t,- 100 700 MHz 

Cobo - 3.0 pF 

Cibo - B.O pF 
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ELECTRICAL CHARACTERISTICS (continued) (TA = 25"C unless otherwise noted.) 

Characteristic 

Input Impedance 
(lC = 1.0 mAde, VCE = 5.0 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio 
(lc = 1.0 mAde, VCE = 5.0 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain 
(lc = 1.0 mAde, VCE = 5.0 Vdc, f = 1.0 kHz) 

Output Admittance 
(lc = 1.0 mAde, VCE = 5.0 Vdc, f = 1.0 kHz) 

NOISE FIGUREITOTAL NOISE VOLTAGE CHARACTERISTICS 

Noise FigureNoltage 
(VCE = 5.0 V, IC = 0.1 rnA, TA = 25"C) 

(1) RS = 10 kil, BW = 1.0 Hz, f = 100 Hz 
(2) RS = 50 kil, BW = 15.7 kHz, f = 10 H,....10 kHz 
(3) RS = 5000, BW = 1.0 HZ,f = 10 Hz 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

Symbol 

hie 

hre 

hfe 

hoe 

NF VT 
Max (1) 

7.0 118.1 

MPS6428 

Min Max Unit 

3.0 30 kO 

2.0 20 X 10-4 

200 800 -

5.0 50 Io'mhos 

NF VT NF VT 
Max (2) Max (3) Unit 

6.0 15700 3.51 4.3 dB 1 nV 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 20 Vdc 

Collector-Base Voltage VCBO 30 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous IC 50 mAdc 

Total Device Dissipation @ TA = 25°C PD 525 mW 
Derate above 25°C 5.0 mWrC 

Total Device Dissipation @ TC = 25°C PD 1.5 Watt 
Derate above 25°C 12 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 °c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RIIJA(l) 200 °CIW 

Thermal Resistance, Junction to Case RIIJC 83.3 °CIW 

(1) RIIJA is measured with the device soldered into a typical printed CircUit board. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(lC = 1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lc = 100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 pAdc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 15 Vdc, IE = 0) 
(VCB = 15 Vdc, IE = 0, TA = 50°C) 

ON CHARACTERISTICS 

DC Current Gain(2) 
(lC = 2.0 mAdc, VCE = 10 Vdc) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 
(lC = 10 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance Cobo 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 
(lc = 2.0 mAde, VCE = 10 Vdc, f = 20 MHz) 

(2) Pulse Test: Pulse Width,,; 300 JLS, Duty Cycle,,; 2.0%. 

MPS6507 

CASE 29-04. STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

~~ 
1 Emitter 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

20 - - Vdc 

30 - - Vdc 

3.0 - - Vdc 

- - 50 nAde 
- - 1.0 pAde 

700 800 - MHz 

- 1.25 2.5 pF 

20 - - -

2-316 Motorola Small-Signal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS 

Rating Symbol NPN PNP 

Collector-Emitter Voltage VCEO 
MPS6520, MPS6521 25 -

MPS6523 - 25 

Collector-Base Voltage VCBO 
MPS6520, MPS6521 40 -

MPS6523 - 25 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous IC 100 

Total Device Dissipation @ T A = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @ TC = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RBJA 200 
(Printed Circuit Board Mounting) 

Thermal Resistance, Junction to Case RBJC 83.3 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 0.5 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 ~de, IC = 0) 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) MPS6520,MPS6521 
(VCB = 20 Vde, IE = 0) MPS67523 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 100 ~de, VCE = 10 Vde) MPS6520 

MPS6521 

(lC = 2.0 mAde, VCE = 10 Vde) MPS6520 
MPS6521 

(lC = 100 ~de, VCE = 10 Vde) MPS6523 

(lC = 2.0 mAde, VCE = 10 Vde) MPS6523 

Collector-Emitter Saturation Voltage 
(lC = 50 mAde, IB = 5.0 mAde) 

SMALL-8IGNAL CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Noise Figure 
(lC = 10 ~de, VCE = 5.0 Vde, RS = 10 k ohms, 
Power Bandwidth = 15.7 kHz, 3.0 dB points @ 10 Hz and 10 kHz) 

'Refer to 2N5086 for PNP graphs. 
(1) Voltage and Current are negative for PNP Transistors. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWrC 

Watts 
mWrC 

°c 

Unit 

°CfW 

°CfW 

NPN 
MPS6520 

MPS6521* 

PNP(l) 
MPS6523 

3 Collector 

~~ 
1 Emitter 

3 Collector 

,:~ 
1 Emitter 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

AMPLIFIER 
TRANSISTORS 

*This is a Motorola 
designated preferred device. 

Refer to MPS3904 for NPN graphs. 
Refer to 2N5086 for PNP graphs. 

Symbol Min Max Unit 

V(BR)CEO 25 - Vde 

V(BR)EBO 4.0 - Vde 

ICBO ~de 

- 0.05 
- 0.05 

hFE -
100 -
150 -
200 400 
300 600 

150 -

300 600 

VCE(sat) - 0.5 Vde 

Cobo - 3.5 pF 

NF - 3.0 dB 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vde 

Collector-Base Voltage VCBO 60 Vde 

Emitter-Base Voltage VEBO 5.0 Vde 

Collector Current - Continuous IC 600 mAde 

Total Device Dissipation @TA = 25°C Po 625 mW 
Derate above 25°C 

Junction Temperature TJ, Tstg 150 °c 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 10 /lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(lB = 10/lAde, IC = 0) 

Collector Cutoff Current 
(VCB = 40 Vde, IE = 0) 
(VCB = 40 Vde, IE = 0, TA = 60'C) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 10 mAde, VCE = 1.0 Vde) MPS6530 

MPS6531 

(lC = 100 mAde, VCE = 1.0 Vde) MPS6530 
MPS6531 

(lC = 500 mAde, VCE = 10 Vde) MPS6530 
MPS6531 

Collector-Emitter Saturation Voltage 
(lC = 100 mAde, IB = 10 mAde) MPS6530 

MPS6531 

Base-Emitter Saturation Voltage 
(lC = 100 mAde, IB = 10 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

MPS6530 
MPS6531 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Coliector 

~~ 
1 Emitter 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to 2N4400 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 40 - Vde 

V(BR)CBO 60 - Vde 

V(BR)EBO 5.0 - Vde 

ICBO /lAde 
- 0.05 
- 2.0 

hFE -
30 -
60 -
40 120 
90 270 

25 -
50 -

VCE(sat) Vde 
- 0.5 
- 0.3 

VBE(sat) - 1.0 Vde 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 25 Vdc 

Collector-Base Voltage VCBO 25 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous IC 500 mAdc 

Total Device Dissipation @ T A = 25·C Po 625 mW 
Derate above 25·C 5.0 mwrc 

Total Device Dissipation @ TC = 25·C Po 1.5 Watts 
Derate above 25·C 12 mwrc 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 ·C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA(1) 200 ·C/mW 

Thermal Resistance, Junction to Case R8JC 83.3 ·C/mW 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lC = 10 mAdc, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 pAdc, IC = 0) 

Collector Cutoff Current 
(VCE = 25 Vdc, IB = 0) 

Collector Cutoff Current 
(VCB = 20 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB(off) = 4.0 Vdc, IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lc = 10 mAdc, VCE = 1.0 Vdc) 
(lC = 100 mAdc, VCE = 1.0 Vdc) 
(lc = 500 mAdc, VCE = 1.0 Vd~) 

Collector-Emitter Saturation Voltage 
(lC = 500 mAdc, IB = 50 mAdc) 

Base-Emitter On Voltage 
(lC = 500 mAdc, VCE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mAdc, VCE = 10 Vdc, f = 20 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

(11 Pulse Test: Pulse Width" 300 p.s, Duty Cycle" 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 

Motorola Small-8ignal Transistors. FETs and Diodes Device Data 

NPN 
MPS6560 

PNP(2) 
MPS6562 

3 Collector 

.~~ 
1 Emitter 

~-@"-
, Emitter 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

AUDIO TRANSISTORS 

Symbol Min Max Unit 

V(BR)CEO 25 - Vdc 

V(BR)CBO 25 - Vdc 

V(BR)EBO 5.0 - Vdc 

ICES - 100 nAdc 

ICBO - 100 nAdc 

lEBO - 100 nAdc 

hFE -
35 -
50 -
50 200 

VCE(sat) - 0.5 Vdc 

VBE(on) - 1.2 Vdc 

fT 60 - MHz 

Cobo - 30 pF 
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MAXIMUM RATINGS 

Rating Symbol VBluB Unit 

Collector-Emitter Voltage VCEO 20 Vdc 

Collector-Base Voltage VCBO 20 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Currellt - Continuous IC 50 mAde 

Total Device Dissipation @ T A = 25"C Po 350 mW 
Derate above 25"C 2.B mWrC 

Total Device Dissipation @ TC = 25"C Po 1.0 Watt 
Derate above 25"C 8.0 mWrC 

Operating and Storage Junction TJ, Tstg -55 to +150 "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 357 "C/W 

Thermal Resistance, Junction to Case(1) R8JC 125 oc;w 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde,lB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 pAdc,lC = 0) 

Collector Cutoff Current 
(VCB = 10 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 4.0 mAde, VCE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, 'B = 5.0 mAde) 

Base-Emitter Saturation Voltage 
(lc = 10 mAdc,lB = 5.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 4.0 mAde, VCE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz, emitter guarded) 

Noise Figure 
(VAGC = 1.4 Vdc, RS = 50 ohms, f = 200 MHz) 

FUNCTIONAL TEST 

Amplifier Power Gain 
(VAGC = 1.4 Vde, RS = 50 ohms, f = 200 MHz) 

Forward AGC Voltage 
(Gain Reduction = 30 dB, RS = 50 ohms, f = 200 MHz) 

MPS6568A 

CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 

, 

3 Collector 

" ~~~, 
3 

VHF TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 20 - Vdc 

V(BR)CBO 20 - Vde 

V(BR)EBO 3.0 - Vde 

ICBO - 50 nAdc 

hFE 20 200 -

VCE(sat) 0.1 3.0 Vdc 

VBE(sat) - 0.96 Vdc 

tr 375 800 MHz 

Ccb - 0.65 pF 

NF - 3.3 dB 

Gpe 20 27 dB 

VAGC 4.0 5.0 Vde 
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MAXIMUM RATINGS 

RatIng Symbol Valua 

Collector-Emitter Voltage VCEO 20 

Collector-Base Voltage VCBO 25 

Emitter-Base Voltage VEBO 3.0 

Collector Current - Continuous IC 50 

Total Device Dissipation @ TA = 25"C Po 625 
Derete above 25°C 5.0 

Total Device Dissipation @ TC = 25°C Po 1.5 
Derete above 25"C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tatg -55 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RIIJA 200 

Thermal Resistance, Junction to Case RIIJC 83.3 

ELECTRICAL CHARACTERISTICS ITA = 25"C unless otherwise noted.) 

Charactarlstic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde,lB = 0) 

Collector-Base Breakdown Voltage 
(lC - 100 "Adc,IE = 0) 

Collector Cutoff Current 
(VCB = 20 Vde, IE = 0) 

Emitter Cutoff Current 
(VEBloffl = 3.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 100 "Adc, VCE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAdc, IB = 1.0 mAdc) 

Base-Emitter On Voltage 
(lC = 10 mAde, VCE = 5.0 Vde) 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 500 pAdc, VCE = 5.0 Vdc, f = 20 MHz) 

Output Capacitance 
(VCB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Noise Figure 
(lC = 100 "Adc, VCE = 5.0 Vdc, RS = 10 kohms, f = 100 Hz) 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWrC 

Watts 
mWrC 

"C 

Unit 

"C/W 

",CIW 

Symbol 

V(BR)CEO 

V(BR)CBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(onl 

tr 

Cobo 

NF 

MPS6571 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

,'~~~ 
23 1 Emitter 

AMPUFIER TRANSISTOR 

NPNSIUCOIii 

Refar to MPSA 18 for graphs. 

Min Typ Max Unit 

20 - - Vde 

25 - - Vde 

- - 50 nAde 

- - 50 nAdc 

250 - 1000 -

- - 0.5 Vdc 

- - 0.8 Vdc 

50 175 - MHz 

- - 4.5 pF 

- 1.2 - dB 

2-322 Motorola Small-Signal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 12 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous IC 50 mAdc 

Total Device Dissipation @TA = 25'C PD 350 mW 
Derate above 25'C 2.81 mWf'C 

Totel Device Dissipation @ TC = 25'C PD 1.0 Watt 
Derate above 25'C 8 mWf'C 

Operating and Storage Junction TJ, Tstg -55 to +150 'C 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA(1) 357 'CIW 

Thermal Resistance, Junction to Case R8JC 125 'CIW 
(1) R8JA IS measured wIth the devIce soldered Into a typIcal pronted CirCUIt board. 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
(lC = 1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage 
(lc = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 "Adc, IC = 0) 

Collector Cutoff Current 
(VCB = 15 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 2.5 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 10 mAdc, VCE = 5.0 Vdc) 
(lC = 50 mAdc, VCE = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mAdc, VCE = 5.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vdc, f = 1.0 MHz) 

(2) Pulse Test: Pulse Width .. 300 p.s, Duty Cycle .. 2.0%. 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

tr 

Ccb 

MPS6595* 
CASE 29-04, STYLE 1 

TO-92 (TO-226AA) 

3 Collector 

"~-EQ 
1 Emitter 

AMPLIFIER TRANSISTOR 

Min 

12 

20 

3.0 

-

-

1200 

-

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -
- -
- -
- 100 

- 1.0 

- -

- 1.3 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

"Adc 

MHz 

pF 

2-323 



MAXIMUM RATINGS 
Rating Symbol Valua Unit 

Collactor-Emittar Voltagll VCEO Vdc 
MPS6601/6651 25 
MPS660216652 40 

Collector-Base Voltage VCBO Vdc 
MPS6601/6661 25 
MPS660216652 30 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 1000 mAde 

Total Device Dissipation @ TA = 25"C Po 625 mW 
Derate above 25°C 5.0 mWrc 

Total Device Dissipation @ TC = 25°C Po 1.5 Watts 
Derate above 25°C 12 mWrc 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 "C 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA(1) 200 °CIW 

Thermal Resistance, Junction to Case R8JC 63.3 "C/W 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collactor-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) MPS6601/6651 

MPS660216652 

Collactor-Basa Breakdown Voltage 
(lC = 100 pAdc, IE = 0) MPS6601/6651 

MPS6602/6652 

Emitter-Base Breakdown Voltage 
(IE = 10 pAdc, IC = 0) 

Collector Cutoff Current 
(VCE = 25 Vdc, IB = 0) MPS6601/6651 
(VCE = 30 Vdc, IB = 0) MPS6602I6652 

Collactor Cutoff Current 
(VCB = 25 Vdc, IE = 0) MPS6601/6651 
(VCB = 30 Vdc, IE = 0) MPS6602I6652 

ON CHARACTERISTICS 

DC Current Gain 
(lC - 100 mAde, VCE = 1.0 Vdc) 
(lC = 500 mAde, VCE = 1.0 Vdc) 
(lC = 1000 mAde, VCE = 1.0 Vdc) 

Collactor-Emitter Saturation Voltage 
(lC = 1000 mAdc,lB = 100 mAde) 

Base-Emitter On Voltage 
(lC = 500 mAde, VCE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 5OmAdc, VCE = 10 Vdc, t = 100 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, t = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time 

Rise Time (VCC = 40 Vdc, IC = 500 mAde, 

Storage Time 
IBI = 50 mAde, 
tp ~ 300 ns Duty Cycle) 

Fall Time 

(1) Voltage and Current are negatiVe for PNP TranSIstors. 

NPN 
MPS6601 

MPS6602* 1 Emitter 

PNP(l) 3 Collector 

MPS665~ .:..-@ 
MPS6652 1 Emitter 

CASE 29-04, STYLE ,/ 
TO-92 (TO-226AA) 

AMPLIFIER 
TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICES 

ICBO 

hFE 

VCE(sat) 

VBE(on) 

". 

Cobo 

Id 
tr 

ts 

tt 

*Th_ ara Motorola 
designated prefemKI devices. 

Min Max 

25 -
40 -
25 -
40 -
4.0 -

- 0.1 
- 0.1 

- 0.1 
- 0.1 

50 -
50 -
30 -
- 0.6 

- 1.2 

100 -

- 30 

- 25 

- 30 

- 250 

- 50 

Unit 

Vde 

Vdc 

Vdc 

pAdc 

pAdc 

-

Vdc 

Vdc 

MHz 

pF 

ns 

ns 

ns 

ns 
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NPN MPS6601 MPS6602 PNP MPS6651 MPS6652 

FIGURE 1 - SWITCHING TIME TEST CI RCUITS 
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FIGURE 2 - MPS6601/6602 DC CURRENT GAIN 
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NPN MPS6601 MPS6602 PNP MPS6651 MPS6652 
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FIGURE 12 - MPS6601 16602 SWITCHING TIMES 
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NPN MPS6601 MPS6602 PNP MPS6651 MPS6652 

FIGURE 18 - MPS6601/6602 SATURATION REGION 
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FIGURE 20 - THERMAL RESPONSE 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 
MPS6714 30 
MPS6715 40 

Collector-Base Voltage VCBO 
MPS6714 40 
MPS6715 50 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 1.0 

Total Device Dissipation @ T A = 25°C PD 1.0 
Derate above ?'5°C B.O 

Total Device Dissipation @ TC = 25°C PD 2.5 
Derate above 25°C 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Charactaristic Symbol Max 

Thermal Resistance, Junction to Ambient R6JA 125 

Thermal Resistance, Junction to Case R6JC 50 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 10 mAdc, IB = 0) MPS6714 

MPS6715 

Collector-Base Breakdown Voltage 
(lC = 100 pAdc, IE = 0) MPS6714 

MPS6715 

Emitter-Base Breakdown Voltage 
(IE = 100 pAdc, IC = 0) 

Collector Cutoff Current 
(VCB = 40 Vdc, IE = 0) MPS6714 
(VCB = 50 Vdc, IE = 0) MPS6715 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lc = 100 mAdc, VCE = 1.0 Vdc) 
(lc = 1000 mAdc, VCE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 1000 mAdc, IB = 100 mAdc) 

Base-Emitter On Voltage 
(lC = 1000 mAdc, VCE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(lC = 50 mAde, VCE = 10 Vdc, f = 20 MHz) 

(1) Pulse Test: Pulse Width .. 30 /IS, Duty Cycle .. 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mWrC 

Watts 
mWrC 

°c 

Unit 

0c/w 

0c/w 

MPS6714 
MPS6715 

CASE 29·05, STYLE 1 
TO·92 (TO·226AE) 

J Collector 

~~ 
1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to MPSW01 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
30 -
40 

V(BR)CBO Vde 
40 -
50 

V(BR)EBO 5.0 - Vdc 

ICBO pAdc 
- 0.1 
- 0.1 

lEBO - 0.1 pAdc 

hFE -
60 -
50 250 

VCE(sat) - 0.5 Vdc 

VBE(on) - 1.2 Vdc 

Ccb - 30 pF 

hfe 2.5 25 -

2-329 



MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO 80 

Collector-Base Voltage VCBO 80 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC SOO 

Total Devica Dissipation @TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipetion @ TC = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characterietlc Symbol Max 

Thermal Resistance, Junction to Ambient R6JA 125 

Thermal Resistance, Junction to Case R6JC SO 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTlCS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 ,..Adc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 ,..Adc, IC = 0) 

Collector Cutoff Current 
(VCB = 60 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = SO mAde, VCE = 1.0 Vdc) 
(lc = 250 mAde, VCE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 250 mAde, IB = 10 mAde) 

Base-Emitter On Voltage 
(lc = 2SO mAde, VCE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTlCS 

Collector-Base Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(lC = 200 mAde, VCE = 5.0 Vde, f = 20 MHz) 

(11 Pulse Test: Pulse Width", 300 p.s, Duty Cvcle '" 2.0%. 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mWf'C 

Watts 
mWf'C 

°c 

Unit 

0c/w 

°CIW 

MPS6717 
CASE 29-05, STYLE 1 

TO-92 (TO-226AE) 

ONE WATT 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refar to MPSWOS for graphs. 

Symbol Min Max Unit 

V(BR)CEO 80 - Vdc 

V(BR)CBO 80 - Vdc 

V(BR)EBO 5.0 - Vde 

ICBO - 0.1 ,..Adc 

lEBO - 10 ,..Ade 

hFE -
80 -
50 250 

VCE(sat) - 0.5 Vdc 

VBE(on) - 1.2 Vdc 

Ceb - 30 pF 

hfe 2.5 25 -
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MAXIMUM RATINGS 

Rating Symbol MPS6724 MPS6725 

Collector-Emitter Voltage VCES 40 50 

Collector-Base Voltage VCBO 50 60 

Emitter-Base Voltage VEBO 12 

Collector Current - Continuous IC 1000 

Total Device Dissipation @ TA = 25'C Po 1.0 
Derate above 25'C 8.0 

Total Device Dissipation @ TC = 25'C Po 2.5 
Derate above 25'C 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 125 

Thermal Resistance, Junction to Case R8JC 50 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 1.0 mAde, IB = 0) MPS6724 

MPS6725 

Collector-Base Breakdown Voltage 
(lC = 1.0 pAde, IE = 0) MPS6724 

MPS6725 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) MPS6724 
(VCB = 40 Vde, IE = 0) MPS6725 

Emitter Cutoff Current 
(VEB = 10 Vde, IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lC = 200 mAde, VCE = 5.0 Vde) 
(lC = 1000 mAde, VCE = 5.0 Vde) 

Collector-Emitter Saturation Voltage 
(lc = 1000 mAde, IB = 2.0 mAde) 

Base-Emitter On Voltage 
(lc = 1000 mAde, VCE = 5.0 Vde) 

SMAll-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 200 mAde, VCE = 5.0 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Motorola Small-Signal Transistors. FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mWrC 

Watts 
mWrC 

·C 

Unit 

'CIW 

'CIW 

MPS6724 
MPS6725 

CASE 29-05, STYLE 1 
TO-92 (TO-226AE) 

Collector 3 

Emitter 1 

ONE WATT 
DARLINGTON TRANSISTORS 

NPN SILICON 

Refer to 2N6426 for graphs. 

Symbol Min Max Unit 

V(BR)CES Vde 
40 -
50 -

V(BR)CBO 
50 - Vde 
60 - Vde 

V(BR)EBO 12 - Vde 

ICBO nAde 
- 100 
- 100 

lEBO - 100 nAde 

hFE -
25,000 -
4,000 40,000 

VCE(sat) - 1.5 Vde 

VBE(on) - 2.0 Vde 

f,- 100 1000 MHz 

Ceb - 10 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 
MPS6726 -30 
MPS6727 -40 

Collector-Base Voltage VCBO 
MPS6726 -40 
MPS6727 -50 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -1.0 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @ TC = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R9JA 125 

Thermal Resistance, Junction to Case R9JC 50 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc = -10 mAde, IB = 0) MPS6726 

MPS6727 

Collector-Base Breakdown Voltage 
(lC = -100 !LAde, IE = 0) MPS6726 

MPS6727 

Emitter-Base Breakdown Voltage 
(IE = -100 !LAde, IC = 0) 

Collector Cutoff Current 
(VCB = -40 Vdc, IE = 0) MPS6726 
(VCB = -50 Vdc, IE = 0) MPS6727 

Emitter Cutoff Current 
(VEB = - 5.0 Vdc, IC = 0) 

ON CHARACTERISTlCS(1) 

DC Current Gain 
(lC = -100 mAde, VCE = -1.0 Vdc) 
(lC = -1000mAde,VCE = -1.0Vdc) 

Collector-Emitter Saturation Voltage 
(lC = -1000 mAde, lB. = -100 mAde) 

Base-Emitter On Voltage 
(lC = -1000 mAde, VCE = -1.0Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance 
(VCB = -10 Vde, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(lC = - 50 mAde, VCE = -10 Vdc, f = 20 MHz) 

(1) Pulse Test: Pulse Width", 300 /LS, Duty Cycle'" 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mWrC 

Watts 
mWrC 

°c 

Unit 

0c/w 

0c/w 

MPS6726 
MPS6727 

CASE 29-05, STYLE 1 
TO-92 (TO-226AE) 

~~'-
1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTORS 

PNPSIUCON 

Refer to MPSW51 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
-30 -
-40 

V(BR)CBO Vdc 
-40 -
-50 

V(BR)EBO - Vdc 
-5.0 

ICBO !LAde 
-0.1 

- -0.1 

lEBO - -0.1 !LAde 

hFE -
60 -
50 250 

VCE(sat) - -0.5 Vde 

VBE(on) - -1.2 Vdc 

Ceb - 30 pF 

hte 2.5 25 -
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO -40 

Collector-Base Voltage VCBO -40 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -200 

Total Device Dissipation @ T A = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @ TC = 60°C Po 450 

Total Device Dissipation @ TC = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55to+150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc = -10 mAdc) 

Collector-Base Breakdown Voltage 
(lC = - 100 pAdc) 

Emitter-Base Breakdown Voltage 
(IE = -100 pAde) 

Collector Cutoff Current 
(VCB = -20 V) 

Emitter Cutoff Current 
(VEB = -3.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -50 mAde, VCE = -2.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = -50 mAdc, IB = -5.0 mAde) 

Base-Emitter On Voltage 
(lC = -50 mAdc, VCE = -2.0 V) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWI"C 

mW 

Watts 
mWI"C 

°C 

Unit 

OC/W 

OCIW 

MPS8093 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

.!~-
, Emitter 

GENERAL PURPOSE TRANSISTOR 

PNPSlUCON 

Refer to 2N4402 for graphs. 

Symbol Min Max Unit 

V{BR)CEO -40 - Vde 

V(BR)CBO -40 - Vde 

V{BR)EBO -6.0 - Vdc 

ICBO - -100 nAdc 

lEBO - -100 nAdc 

hFE 100 300 -

VCE{sat) - -0.25 Vdc 

VBE{on) -0.6 -1.0 Vdc 
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MAXIMUM RAnNGS 
MPS8098 MPS8099 

Rating Symbol MPS8598 MPS8599 Unit 

Collector-Emitter Voltage VCEO 60 80 Vde 

Collector-Base Voltage VCBO 60 80 Vde 

MPS8598 
MPS8099 MPS8599 

Emitter-Base Voltage VEBO 6.0 5.0 Vde 

Collector Current - Continuous IC 500 mAde 

Total Device Dissipation @TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mWrC 

Total Device Dissipation @ TC = 25°C Po 1.5 Watts 
Derate above 250C 12 mWrC 

Operating Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 °C 

THERMAL CHARACTERlSnCS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 200 0c/w 

Thermal Resistance, Junction to Case R8JC 83.3 0c/w 

ELECTRICAL CHARACTERlsnCS (T A = 25°C unless otherwise noted.) 

I Charecteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 10 mAde, IB = 0) MPS8098, MPS8598 

MPS8099, MPSB599 

Collector-Base Breakdown Voltage 
(lC = 100 pAde, IE = 0) MPS8098, MPSS59S 

MPSS099, MPSS599 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) MPSS098, MPSS099 

MPSS598, MPSS599 

Collector Cutoff Current 
(VCE = 60 Vde, IB = 0) 

Collector Cutoff Current 
(VCB = 60 Vde, IE = 0) MPS8098, MPSS598 
(VCB = 80 Vde, IE = 0) MPSS099, MPSS599 

Emitter Cutoff Current 
(VEB = 6.0 Vde, IC = 0) MPS8098, MPSS099 
(VEB = 4.0 Vde, IC = 0) MPSS598, MPSS599 

ON CHARACTERISTICS(1) 

DC Current Gain (lC = 1.0 mAde, VCE = 5.0 Vde) 
(lC = 10 mAde, VCE = 5.0 Vde) 
(lC = 100 mAde, VCE = 5.0 Vde) 

Collector-Emitter Saturation Voltage (lC = 100 mAde, IB = 5.0 mAde) 
(lC = 100 mAde, IB = 10 mAde) 

Base-Emitter On Voltage 
(lC = 1.0 mAde, VCE = 5.0 Vde) 
(lC = 10 mAde, VCE = 5.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mAde, VCE = 5.0 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) 

III Pulse Test: Pulse Width '" 300 p.s, Duty Cycle = 2.0%. 
(21 Voltage and Current are negative for PNP Transistor •. 

MPS809S, MPS8098 
MPS8099, MPSS599 

MPSB098, MPS8099 
MPSS598, MPSS599 

MPSS098, MPSB099 
MPSS598, MPSB599 

3 Collector 

~~ 
NPN 

MPS8098 
MPS8099* 1 Emitter 

PNP(2) 3 Collector 

MPS8598 ,:.-40 
MPS8599* 1 Emitter 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

AMPLIAER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICES 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

tr 

Cobo 

Cibo 

*Thase are Motorola 
designated preferred devices. 

Min Max 

60 -
80 -

60 -
SO -

6.0 -
5.0 -
- 0.1 

- 0.1 
- 0.1 

- 0.1 
- 0.1 

100 300 
100 -
75 -
- 0.4 
- 0.3 

0.5 0.7 
0.6 O.S 

150 -

- 6.0 
- S.O 

- 25 
- 30 

Unit 

Vde 

Vde 

Vde 

pAde 

pAde 

pAde 

-

Vde 

Vde 

MHz 

pF 

pF 
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NPN MPS8098 MPS8099 PNP MPS8598 MPS8599 
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MAXIMUM RATINGS 
MPSA05 MPSA06 

Rating Symbol MPSA55 MPSA58 Unit 
Collector-Emitter Voltage VCEO 60 80 Vde 

Collector-Base Voltage VCBO 60 80 Vde 

Emitter-Base Voltage VEBO 4.0 Vde 

Collector Current - Continuous IC 500 mAde 

Total Device Dissipation @TA = 25°C PD 625 mW 
Derate above 25°C 5.0 mWrC 

Total Device Dissipation @TC = 25°C PD 1.5 Watts 
Derate above 25°C 12 mWrC 

Operating and Storage Junction TJ, Tstg -55 to +150 OC 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RruA(1) 200 "CNJ 

Thermal Resistance, Junction to Case RruC 83.3 0c/w 

(1) RruA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA - 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lc = 1.0 mAde, IB = 0) MPSA05, MPSA55 

MPSA06, MPSA56 

Emitter-Base Breakdown Voltage 
(IE = 100 ,lAde, IC = 0) 

Collector Cutoff Current 
(VCE = 60 Vde, IB = 0) 

Collector Cutoff Current 
(VCB = 60 Vde, IE = 0) MPSA05, MPSA55 
(VCB = 80 Vde, IE = 0) MPSA06, MPSA56 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 10 mAde, VCE = 1.0 Vde) 
(lc = 100 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 100 mAde, IB = 10 mAde) 

Base-Emitter On Voltage 
(lC = 100 mAde, VCE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(lC = 10 mA, VCE = 2.0 V, f = 100 MHz) MPSA05 

MPSA06 

(lc = 100 mAde, VCE = 1.0 Vde, f = 100 MHz) MPSA55 
MPSA56 

(1) Pulse Test: Pulse Width'" 300 p.., Duty Cycle'" 2.0%. 
(2) for is defined .s the frequency at which IhfoI extrapolates to unity. 
(31 Voltage and Curront are negative for PNP Transistors. 

Motorola Small--Signal Transistors, FETs and Diodes Device Data 

NPN 
MPSA05 

MPSA06* 
PNP(3) 

MPSA55 
MPSA56* 

3 Collector 

~() 
1 Emitter 

3 Collector 

~() 
1 Emitter 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 

AMPUFIER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)EBO 

ICES 

ICBO 

hFE 

VCE(sat) 

VBE(on) 

tr 

*These are Motorola 
designated preferred devices. 

Min Max 

60 -
80 -
4.0 -

- 0.1 

- 0.1 
- 0.1 

100 -
100 -
- 0.25 

- 1.2 

100 -

50 -

Unit 

Vde 

Vde 

pAde 

,lAde 

-

Vde 

Vde 

MHz 

2-339 



NPH MPSA05 MPSA06 PNP MPSA55 MPSA56 

FIGURE 1 - SWITCHING TIME TEST CI RCUITS 

Turn-on Time Turn-off Time 

-1.0V Vee 
+40 V 

+VBB 

--15.01101- 100 100 

+10Vn Output -lr-............ Output 

.,;' 
:z: 

-1 LVi" RS o ~~~~~H 
t, c 3.0 ns 5.01lF 

100 

-Tota(Shunt Capacitance of Test Jig and Connectors 
For PNP Test Circuits. Reve,sa All Voltage Polaritie. 

FIGURE 2 - CURRENT-GAIN - BANDWIDTH PRODUCT 

300 

NPN 
MPSA05. MPSA06 

200 
I I I I 

PNP 
MPSA55. MPSA56 

I I I 
r- YCe-2.0Y ....-

TJ' 250C 

\ 
~ 200 

I- VCE = -2.0 V 

TJ = 25"C V I-. i 
t; 

:::> 
Q 
Q 
CIC ... 
Qi= 
~ 

~ 
z 

~ z 
w 
a: 
a: 
:::> 

'" J:' 

... ... 
w 

'" z ... 
t-
o:; ... ... ... 
'" ",-

100 

0 

0 

30 
2.0 

0 

0 

4 0 

0 

t-

1 O 
8. 0 

S. 0 

4. 0 

VV \ 

3.0 5.0 7.0 10 20 30 50 70 100 200 
IC. COLLECTOR CURRENT (mA) 

:::> 

:5 100 
IE 
:z: 
b 70 

~ 
! 50 
I 

z 
;;;: 
'" 
"" 311 z 
w 
a: 
a: 
:::> 

'" 
20 

/ 

J:' -2.0 -3.0 

10-

" 

-~o -7.0 -10 -20 -311 -50 -70 -100 

IC. COLLECTOR CURRENT (mA) 

FIGURE 3 - CAPACITANCE 

NPN 
MPSA05. MPSA06 

t-- Cibo 
r-.... 

r-

TJ = 250C 

Cobo 

... ... 

100 

70 

50 

w 30 

'" z 
~ 20 
0:; 
f ... 
'" ",- 10 

0 

0 

7. 

5. 

i'-.... 

1'"--" 

PNP 
MPSA55. MPSA56 

Cibo 

....... 

r-...." 
r-.. 

TJ = 250C 

t--.. Cobo 

"'\ 

-200 

0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 -0.1 -0.2 -D.5 -1.0 -2.0 -5.0 -10 -20 -50 -100 

VR. REYERSE VOLTAGE (YOLTS) VR. REYERSE VOLTAGE (YOLTS) 

2-340 Motorola Small-5ignal Transistors, FETs and Diodes Device Data 



NPN MPSA05 MPSA06 PNP MPSA55 MPSA56 

FIGURE 4 - SWITCHING TIME 

! 
w 
:IE 
~ 

'" 

1.0 k 

700 

500 

300 

200 

100 

70 

50 

~ 
~ 

"'-

NPN 
MPSA05. MPSA06 

~ 

'd@ VBE(olf) - 0.5 V 
I III I 

VCC=40V 

" ...... 
...... r--.,. 

I". 

'f 

30 
lC/lB= 10 ............ " ...... V 

20 IBI = IB2 
TJ = 25°C ................ 

10 
5.0 7.0 10 20 30 50 70 100 200 300 500 

IC. COLLECTOR CURRENT (mA) 

~ 

1.0k 

100 

500 

300 

200 

~ 100 
~ 70 
'" 50 

30 

20 

10 

"-

"-

fd@VBE(off) 

i'.. 

PNP 
MPSA55. MPSA56 

........ 
r--..... ~ 

0.5V 

VCC~-40V 

100B ~ 10 ....... 
IBI ~ IB2 
TJ ~ 25"C 

" t-.... 
........... 

"-

'f 

........ ...... 

" 
r"-I-. 

-5.0 -7.0 -10 -20 -l) -50 -70 -1110 -200 -300 -500 
IC. COLLECTOR CURRENT (mA) 

0 

RGURE 5 - THERMAL RESPONSE 
MPSA05. MPSA06. MPSA55. MPSA56 

W 
N 1.0 ::; 
c( 0.7 :IE 
II: 0.5 c 
~ 
w 0.3 '" z 
c( 0.2 In 
iii 
II: 0.1 

~ 0.07 
cr: 
~ 0.05 

ffi 0.03 

in 0.02 
z 
c( 

1== 
r--

1-"-

'--
'---

~ 

~ 0.011.0 

0= 0.5 

r- 0.2 

0.1 
0.0 

It"\" ,..... 
.0 

r 0.01 
l..k lSlNGLE PULSE 

,,,,," 

~ S~GILE JUL~EI 

" 

2.0 5.0 10 20 

- -
- pfflJl.. 

1:-~j 
DUTY CYCLE. 0 = ,,/'2 

o CURVES API'LY FOR POWER 
PULSE TRAIN SHOWN 
READ TIME AT'l (SEE AN·469) 

ZeJC(tl = ,(')0 R6JC TJ(pk) - TC = P(pk) ZeJCh) 

I II - ~J1h) = j(tl°l R~JAl }J!Pk)t TAtlpkl Z6tA(ltll I 

50 100 200 500 1.0k 2.0k 5.0 k 10 k 20 k 50 k lOOk 

'. TIME (ms) 

RGURE 6 - ACTIVE - REGION SAFE OPERATING AREA 

;( 
.§ 
.... z 
w 
cr: 
cr: 
::> 
'" cr: 
c .... ; 
c 
'" 
~ 

I.Ok 

700 
500 

300 

200 

100 

70 

50 

30 

20 

10 

...... 

NPN 
MPSA05. MPSA06 

'" 1" . 
1,\ 
I _\LOms 

"-. I.Os 

" TC = 25°C "-
...... " TA=250C 

- ---- Current Limit '. 
--- Thermal Limit '. 

--- Second Breakdown Limit ' ..... 
MPSA05 

III MPSA06 

100~s 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 
VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

;( 
.§. 
.... 
15 
cr: 
cr: 
::> 
'" cr: 
c .... 
~ 
c 
'" 
~ 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

-1.01 

-7110 
-500 

-3110 

-200 

-1110 

-70 
-50 

-l) 

-20 

-10 
-1.0 

PNP 
MPSA55. MPSA56 

100~s 

....... r-.. "- "'1.~s 
1.0",:' 

..... , \ 

'. TC = 25°C ...... 1' ....... ,"-
TA = 25°C 

---- Current limit " --- Thermal Limit ..... ' .... 
-- Second Breakdown Limit ........ , 

MPSA55 _ f'-o. -I I MPSA56 

-2.0 -10 -5.0 -7.0 -10 -20 -l) -50 -70 -1110 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

2-341 



NPN MPMOs MPSA08 PNP MPSASS MPSA58 

400 

z 
;( 200 
'" .... I-
z w 
"" "" :::> 
u 
u 100 c 

i 80 -60 

40 
0.5 0.7 

1.0 

~~ ~125DC 
0.8 

~ 0.6 <> 
<! 
w 

'" ~ 0.4 
<> 
> 
:> 

0.2 

0 
0.5 1.0 

2-342 

NPN 
MPSA06. MPSA08 

FIGURE 7 - DC CURRENT GAIN 

-TJ! 125DC 

r-----!--- " .... VCE~'.0V 
~ -~ "'" -I-

...,-

'" t-..... 25DC --f---- --I-" ............. ~ ~ -- -55DC 
~ ---- "-

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 
lC. COLLECTOR CURRENT (mAl 

FIGURE 8 - "ON" VOLTAGES FIGURE 9 - COLLECTOR SATURATION REGION 

II 1111 
1 J tilL 1-.... 

VBE(sa'I@IC/IB' 10 :..-- fo-"" 

1.0 

~ 
c 0.8 <! 
w 

'" 

IIII 1111 I II T/.2~DCI 
1~ll \0 mA ~ 1,~~- 2~~~ I 

5OOmA-
mA 

J.U----
~BE~Dn: ~ Jdi ~11.O V 

~ 0.6 <> 
> 
"" w 
1= 0.4 iii .,. 
"" 

VCE(sa'I@IC/IB-l0 
"r"j I 1-1111 I----

<> 
t; 0.2 w .... .... 
<> u 
..:; 0 u 

\ 
i" ....... --I-r-. -I- -I-

2.0 5.0 10 20 50 100 200 500 > 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 
IC. COLLECTOR CURRENT (mAl IC. COLLECTOR CURRENT (mAl 

FIGURE 10 - BASE·EMITTER TEMPERATURE COEFFICIENT 

-D.8 

_ -1.2 

~ .s 
~ -1.8 ~ 

i 
~ -2.0 

I 

./ 
RfMI for VBE -- ..... 

I!:! -2.4 

~ 
~.8 

0.5 1.0 2.0 5.0 10 20 50 100 200 &00 
IC. COLLECTOR CURRENT (mAl 

~ 

500 

50 

Motorola Small-Signal Transistors. FETs and Diodes Device Data 



NPN MPSA05 MPSA06 PNP MPSA55 MPSA56 

400 
I 

TJ = 125'C 

z 
;;;: 200 

'" 
25'C 

I-

1li 
'" '" ~ -55'C ... ... 100 CI 

~ 80 

60 

40 
-0.5 -0.7 -1.0 -2.0 -3.0 

PNP 
MPSA55. MPSA56 

FIGURE 11 - DC CURRENT GAIN 

-5.0 -7.0 -10 -20 -3D 
IC. COLLECTOR CURRENT (rnA) 

~ 

-50 -70 -100 

VCE ~ -1.0V 

-........ 
r'-. 

~ ~ 
-..... "1 

:---., 

-200 -300 

FIGURE 12 - "ON" VOLTAGES FIGURE 13 - COLLECTOR SATURATION REGION 

-1.0 n!rr ~~~rn II~r25-'C~=:: 1:lrr+llI: 1==:=:::::==:=:: 

-0.8 H++!+---4---4--l.I-,-II-I-II,,+-I-+-+++++++b-"''f-I---"~ 
VBElsat)@ lelia = 10 I-->-

~ -0.6 Er:tI:t:~--H-±l:±m::9~H'flTflt~--tf--t-tlH-l-ttt--t-t--ti 
~ VBE(on) ~ VC~ ~ I~ 1'.J V -----cl--lf-+++tttt----t--t-H 
~ 

'" ~ -O.4I+++++--+-+-I+t+I-tt---+-++++++++--+-+-H 
!;; 
>' 

-0.2 H-1+H--f-f+1I+1+t+--+-++t-t++tt--++t-I 

IC. COLLECTOR CURRENT (rnA) 

<n 
~ 

-1.0 

2 -0.8 
w 

'" ~ c5 -0.6 
> 

'" i -0.4 

o 

~ -0.2 

8 
ul 0 

IC = -lOrnA 

r-
~ -0.05 -0.1 -0.2 

1 
50 rnA -100mA ~ -250 rnA 

1\ 

r-----... --t-t-
-0.5 -1.0 -2.0 -5.0 

IS. SASE CURRENT (rnA) 

FIGURE 14 - BASE·EMITTER TEMPERATURE COEFFICIENT 

-0.8 

~ -1.2 
E. 

~ ::: -1.6 

8 

1-2.0 

~ 

~ -2. 4 

-2.8 

RlNsforVBE 

~ 
f-"'" 

f-

-0.5 -1.0 -2.0 -5.0 -10 -20 

v 
,,/' 

-50 -100 -200 -500 
IC. CO LLECTOR CURRENT (rnA) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

TJ = 25'C 

-500mA 

1\ 
t-

-10 -20 

2-343 

~ 

-500 

-50 



MAXIMUM RATINGS 
Rating Symbol 

Collector-Emitter Voltage VCES 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Collector Current - Continuous IC 

Total Device Dissipation @ T A = 25°C Po 
Derate above 25°C 

Total Device Dissipation @ TC = 25°C Po 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol 

Thermal Resistance, Junction to Ambient RIIJA 

Thermal Resistance, Junction to Case R8JC 

Value 

30 

30 

10 

500 

625 
5.0 

1.5 
12 

-55to+150 

Max 

200 

83.3 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWrC 

Watts 
mWrC 

°c 

Unit 

0c/w 

0c/w 

MPSA13 
MPSA14* 

CASE 29·04, STYLE 1 
TO·92 (TO·226AA) 

Collector 3 

Emitter 1 

DARLINGTON TRANSISTORS 

NPNSILICON 

*This Is a Motorola 
designatad preferrad device. 

Refer to 2N6426 for graphs. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector·Emitter Breakdown Voltage 
(lC = 100 pAde, IB = 0) 

Collector Cutoff Cu rrent 
(VCB = 30 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 10 Vde, IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lC = 10 mAde, VCE = 5.0 Vde) 

(lc = 100 mAde, VCE = 5.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 100 mAde, IB = 0.1 mAde) 

Base-Emitter On Voltage 
(lC = 100 mAde, VCE = 5.0 Vde) 

SMAU-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(lC = 10 mAde, VCE = 5.0 Vde, f = 100 MHz) 

(1) Pulse Test: Pulse Width .. 300 ,.s, Duty Cycle .. 2.0%. 
(2) fr = Ihfel' ftest· 

2-344 

Symbol Min Max Unit 

V(BR)CES 30 - Vde 

ICBO - 100 nAde 

lEBO - 100 nAde 

hFE -
MPSA13 5000 -
MPSA14 10,000 -
MPSA13 10,000 -
MPSA14 20,000 -

VCE(sat) - 1.5 Vde 

VBE - 2.0 Vde 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS 

Rating Symbol MPS-A16IMPS-A17 

Collector-Emitter Voltage VCEO 40 

Emitter-Base Voltage VEBO 12 I 15 

Collector Current - Continuous IC 100 

Total Device Dissipation @ TA = 25'C Po 350 
Derate above 25'C 2.8 

Total Device Dissipation @ TC = 25'C Po 1.0 
Derate above 25'C 8.0 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R6JA 357 

Thermal Resistance, Junction to Case R6JC 125 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.1 mAde, IC = 0) MPS-A16 

MPS-A17 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 10 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 5.0 mAde, VCE = 10 Vde) 

Collector-Emitter Saturftion Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 5.0 mAde, VCE = 10 Vde, f = 100 MHz) MPS-A16 

MPS-A17 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

mAde 

mW 
mWrC 

Watt 
mWrC 

'c 

Unit 

'CIW 

'CIW 

MPSA16 
MPSA17* 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

,'~~'-' 
23 1 Emitter 

CHOPPER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

fT 

Cobo 

NPN SILICON 

* This is a Motorola 
designated preferred device. 

Min Max 

40 -

12 -
15 -
- 100 

- 100 

200 600 

- 0.25 

100 -
eo -
- 4.0 

Unit 

Vde 

Vde 

nAde 

nAde 

-

Vde 

MHz 

pF 

2-345 



MPSA16 MPSA17 

FIGURE 1 - DC CURRENT GAIN 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 45 Vdc 

Collector-Base Voltage VCBO 45 Vdc 

Emitter-Base Voltage VEBO 6.5 Vdc 

Collector Current - Continuous IC 200 mAdc 

Total Device Dissipation @ T A = 25'C PD 625 mW 
Derate above 25'C 5.0 mWrC 

Total Device Dissipation @ TC = 25'C PD 1.5 Watts 
Derate above 25'C 12 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 ·C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R6JA(1) 200 ·C/W 

Thermal Resistance, Junction to Case R6JC 83.3 ·C/W 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(lC = 10 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lc = lOa pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 30 Vdc, IE = 0) 

ON CHARACTERISnCS(2) 

DC Current Gain hFE 
(lC = 10 pAdc, VCE = 5.0 Vdc) 
(lc = 100 pAdc, VCE = 5.0 Vdc) 
(lc = 1.0 mAde, VCE = 5.0 Vdc) 
(lC = 10 mAdc, VCE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 10 mAdc, IB = 0.5 mAdc) 
(lC = 50 mAdc, IB = 5.0 mAdc) 

Base-Emitter On Voltage VBE(on) 
(lC = 1.0 mAdc, VCE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(lC = 1.0 mAdc, VCE = 5.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(VCB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance Ceb 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

Noise Figure NF 
(lC = 100 pAdc, VCE = 5.0 Vdc, RS = 10 kil, f = 1.0 kHz) 
(lc = 100 pAdc, VCE = 5.0 Vde, RS = 1.0 kil, f = 100 Hz) 

Equivalent Short Circuit Noise Voltage VT 
(lC = 100 pAdc, VCE = 5.0 Vdc, RS = 1.0 kil, f = 100 Hz) 

(1) R6JA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width .. 300 /LS, Duty Cycle .. 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MPSA18* 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

~~ 
1 Emitter 

LOW NOISE TRANSISTOR 

NPN SILICON 

*This is a Motorola 
designated preferred d,vice. 

Min Typ Max 

45 - -

45 - -

6.5 - -

- 1.0 50 

400 580 -
500 850 -
500 1100 -
500 1150 1500 

- - 0.2 
- 0.08 0.3 

- 0.6 0.7 

100 160 -

- 1.7 3.0 

- 5.6 6.5 

- 0.5 1.5 
- 4.0 -
- 6.5 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

dB 

nV/YHz 
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MPSA18 
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FIGURE 11 - CAPACITANCE 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 
Collector-Emitter Voltage VCEO 40 Vde 

Collector-Base Voltage VCBO 4.0 Vde 

Collector Current - Continuous IC 100 mAde 

Total Device Dissipation @ TA = 25"C Po 625 mW 
Derate above 25°C 5.0 mWrC 

Total Device Dissipation @TC = 25°C Po 1.5 Watt 
Derate above 25°C 12 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to+150 °C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 
Thermal Resistance, Junction to Ambient R8JA(l) 200 "CJW 

Thermal Resistance, Junction to Case R8JC 83.3 "CJW 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

Off CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
(lC = 1.0 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) 

ON CHARACTERlSllCS 

DC Current Gain(2) 
(lC = 5.0 mAde, VCE = 10 Vde) 

Collector-Emitter Saturation Voltage 
(lc = 10 mAde, IB = 1.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(lC = 5.0 mAde, VCE = 10 Vde, f = 100 MHz 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width", 300 p.S, Duty Cycle .. 2.0%. 

Motorola Small-Signal Transistors. FETs and Diodes Device Data 

MPSA20 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

" ~~'-
23 1 Emitter 

AMPLIFIER TRANSISTOR 

NPNSIUCON 

Refer to MPS3904 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 40 - Vde 

V(BR)EBO 4.0 - Vde 

'CBO - 100 nAde 

hFE 40 400 -
VCE(sat) - 0.25 Vde 

tr 125 - MHz 

Cobo - 4.0 pF 
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MAXIMUM RATINGS 
Rating Symbol MPS-A25IMPS-A26IMPS-A27 Unit 

Collector-Emitter Voltage VCES 40 I 50 I 60 Vde 

Emitter-Base Voltage VEBO 10 Vde 

Collector Current - Continuous IC 500 mAde 

Total Device Dissipation Po 625 mW 
@TA=25°C 5.0 mWf'C 
Derate above 250C 

Operating and Storage Junction TJ, Tstg -55to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 
(lC = 100 pAde, VBE = 0) 

Collector-Base Breakdown Voltage V(BRICBO 
(lC = 100 pAde, IE = 01 

Collector Cutoff Current ICBO 
(VCB = 30 V, IE = 0) 
(VCB = 40 V, IE = 0) 
(VCB = 50 V, IE = 0) 

Collector Cutoff Cu rrent ICES 
(VCE = 30 V, VBE = 0) 
(VCE = 40 V, VBE = 0) 
(VCE = 50 V, VBE = 0) 

Emitter Cutoff Current lEBO 
(VEB = 10 Vde) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
(lC = 10 rnA. VCE = 5.0 V) 
(lc = 100 mA, VCE = 5.0 V) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 100 mA, IB = 0.1 mAde) 

Base-Emitter On Voltage VBE(on) 
(lC = 100 mA, VCE = 5.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Small Signal Current Gain 
(lC = 10 mA, VCE = 5.0 V, f = 100 MHz) 

(1) Pulse Test: Pulse Width .. 300 1'1', Duty Cycle .. 2.0%. 

MPSA27 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

Collector 3 

Emitter 1 

DARLINGTON TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

60 - - Vde 

60 - - Vdc 

- - 100 nAdc 

- - 500 nAde 

- - 100 nAde 

-
10,000 - -
10,000 - -
- - 1.5 Vde 

- - 2.0 Vde 
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MAXIMUM RATINGS 
RatIng Symbol MPSA28 MPSA29 Unit 

Collector-Emitter Voltage VCES 80 100 Vdc 

Collector-Base Voltage VCBO 80 100 Vde 

Emitter-Base Voltage VEBO 12 Vde 

Collector Current - Continuous IC 500 mAde 

Total Device Dissipation @TA = 25°C Po 625 mW 
Derata above 250C 5.0 mWf'C 

Total Device Dissipation @ TC = 250C Po 1.5 Watts 
Derate above 250C 12 mWf'C 

Operating and Storage Junction TJ, Tstg -55 to +150 °c 
Temperature Range 

THERMALCHARACTE~snCS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RBJA 200 "CIW 

Thermal Resistance, Junction to Case RBJC 83.3 0c/w 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERl8nCS 

Collector-Emitter Breakdown Voltage ' 
(lC = 100 pAdc, VBE = 0) MPSA28 

MPSA29 

Collector-Base Breakdown Voltage 
(lC = 100 pAde, IE = 0) MPSA28 

MPSA29 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 80 Vde, IE = 0) MPSA28 
(VCB = 80 Vde, IE = 0) MPSA29 

Collector Cutoff Current 
(VCE = 60 Vde, VBE = 0) MPSA28 
(VCE = 80 Vde, VBE = 0) MPSA29 

Emitter Cutoff Current 
(VEB = 10 Vde, IC = 0) 

ON CHARACTERIST!CSll) 

DC Current Gain 
(lC = 10 mAde, VCE = 5.0 Vde) 
(lC = 100 mAde, VCE = 5.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IB = om mAde) 
(lC = 100 mAde, IB = 0.1 mAde) 

Base-Emitter On Voltage 
(lC = 100 mAde, VCE = 5.0 Vde) 

SMALL-8IGNAL CHARACTERI&nCS 

Current-Gain - Bandwidth Product(2) 
(lC = 10 mAde, VCE = 5.0 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

(I) Pulse Teat: Pulse WIdth", 300 "",, Duty Cycle'" 2.0%. 
(2) tr = hfe· ftest. 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

ICBO 

ICES 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

tr 

Cabo 

MPSA28 
MPSA29* 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

Collector 3 

,,' 3 
Emitter I 

DARLINGTON TRANSISTORS 

Min 

80 
100 

80 
100 

12 

--
-
-
-

10,000 
10,000 

-
-
-

125 

-

NPNSIUCON 

*TIIIs Is a Motorola 
designated prar-ect device. 

Typ Max 

- -
- -
- -
- -
- -

- 100 
- 100 

- 500 
- 500 

- 100 

- -
- -
0.7 1.2 
0.8 1.5 

1.4 2.0 

200 -
5.0 8.0 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

nAde 

-

Vde 

Vdc 

MHz 

pF 
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MAXIMUM RATINGS 
Rating Symbol MPSA42 MPSA43 Unit 

Collector-Emitter Voltage VCEO 300 200 Vde 

Collector-Base Voltage VCBO 300 200 Vde 

Emitter-Base Voltage VEBO 6.0 6.0 Vde 

Collector Current - Continuous IC 500 mAde 

Total Device Dissipation @ T A = 25°C PD 625 mW 
Derate above 25°C 5.0 mWrC 

Total Device Dissipation @ TC = 25°C PD 1.5 Watts 
Derate above 25°C 12 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 °c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RWA 200 °C!mW 

Thermal Resistance, Junction to Case RWC 83.3 °C!mW 

ELECTRICAL CHARACTERISTICS (TA = 25~C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 1.0 mAde, IB = 0) MPSA42 

MPSA43 

Collector-Base Breakdown Voltage 
(lc = 100 !LAde, IE = 0) MPSA42 

MPSA43 

Emitter-Base Breakdown Voltage 
(IE = 100 !LAdc, IC = 0) 

Collector Cutoff Current 
(VCB = 200 Vde, IE = 0) MPSA42 
(VCB = 160 Vde, IE = 0) MPSA43 

Emitter Cutoff Current 
(VEB = 6.0 Vde, IC = 0) MPSA42 
(VEB = 4.0 Vde, IC = 0) MPSA43 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lC = 1.0 mAde, VCE = 10 Vde) 
(lc = 10 mAde, VCE = 10 Vdc) 
(lc = 30 mAdc, VCE = 10 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 20 mAdc, IB = 2.0 mAde) MPSA42 

MPSA43 

Base-Emitter Saturation Voltage 
(lC = 20 mAde, IB = 2.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mAde, VCE = 20 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 20 Vdc, IE = 0, f = 1.0 MHz) MPSA42 

MPSA43 

(1) Pulse Test: Pulse Width", 300 /Ls, Duty Cycle'" 2.0%. 

MPSA42* 
MPSA43 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

~~ 
1 Emitter 

HIGH VOLTAGE TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

tr 

Ceb 

NPN SILICON 

*This is a Motorola 
designated prefarracl davies. 

Min Max 

300 -
200 -

300 -
200 -
6.0 -

- 0.1 
- 0.1 

- 0.1 
- 0.1 

25 -
40 -
40 -

- 0.5 
- 0.4 

- 0.9 

50 -

- 3.0 
- 4.0 

Unit 

Vde 

Vde 

Vdc 

!LAdc 

!LAde 

-

Vdc 

Vde 

MHz 

pF 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO 400 

Collector-Base Voltage VCBO 500 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous IC 300 

Total Device Dissipation @ TA = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @ TC = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lc = 1.0 mAde,lB = 0) 

Collector-Emitter Breakdown Voltage 
(lC = 100 pAde, VBE = 0) 

Collector-Base Breakdown Voltage 
(lC = 100, pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 400 Vde, IE = 0) 

Collector Cutoff Current 
(VCE = 400 Vde, VBE = 0) 

Emitter Cutoff Current 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain(1) (lC = 1.0 mAde, VCE = 10 Vde) 
(IC = 10 mAde, VCE = 10 Vde) 
(lC = 50 mAde, VCE = 10 Vde) 
(lC = 100 mAde, VCE = 10 Vde) 

Collector-Emitter Saturation Voltage(1) (lC = 1.0 mAde, IB = 0.1 mAde) 
(lC = 10 mAde,lB = 1.0 mAde) 
(lC = 50 mAde, IB = 5.0 mAde) 

Base-Emitter Saturation Voltage (lc = 10 mAde,lB = 1.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance (VCB = 20 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance (VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(lC = 10 mAde, VCE = 10 Vde, f = 20 MHz) 

(1) Pulse Test: Pulse Width .. 300 p.s, Duty Cycle'" 2.0%. 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWI'C 

Watts 
mWI'C 

·C 

Unit 

'CIW 

'CIW 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

ICBO 

ICES 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

Cobo 

Cibo 

hfe 

MPSA44* 
CASE 29-04, STYLE 1 

TO-92 (TO-226AA) 

3 Collector 

.:() 
1 Emitter 

HIGH VOLTAGE 
TRANSISTOR 

NPNSIUCON 

*Thls Is a Motorola 
designated preferred device. 

Min Max 

400 -

500 -

500 -

6.0 -

- 0.1 

- 500 

- 0.1 

40 -
50 200 
45 -
40 -
- 0.4 
- 0.5 
- 0.75 

- 0.75 

- 7.0 

- 130 

1.0 -

Unit 

Vde 

Vde 

Vde 

Vde 

pAde 

nAde 

pAde 

-

Vde 

Vde 

pF 

pF 

-
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MPSA44 

FIGURE 7 - TURN-ON SWITCHING TIMES AND TEST CIRCUIT 

10 

5.0 

2.0 
in 
~ 1.0 
:IE 
;::: 
., 0.5 

0.2 

...... , 
" i'-.. 

-vcc = 150 V 
-Ic/la= 10 
- TA = 25°C 
- VaE(OFF) = 4.0 Vd. 

0.1 
1.0 3.0 

, 
" Ir ~ ""~ 10 30 50 

Ie. COLLECTOR CURRENT (rnA) 
100 

Vin 

0---+--1------+--

-4.0 V 

VCC 

Vout 

I 

;T~ CS';; 4.0 pF* 
I 
I ____ J 

FIGURE 8 - TURN-OFF SWITCHING TIMES AND TEST CIRCUIT 

10 

5.0 

'1 2.0 

~ 1.0 

0.5 

0.2 

"' 

--
-

0.1 
1.0 

i'.. 

r-
r-
r-

I"'. 

t'--

VCC=150V 
Ic/la = 10 
TA = 25°C 

3.0 10 30 50 
IC. COLLECTOR CURRENT (rnA) 

*Total Shunt Capacitance or Test Jig and Connectors. 

2-360 

t. 

If 

100 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 



MPSA55, MPSA56 For Specifications, 
See MPSA05, MPSA06 Data 

MAXIMUM RATINGS 

MPSA63 
Rating Symbol MPSA62 MPSA64 

Collector-Emitter Voltage VCES -20 -30 

Collector-Base Voltage VCBO -20 -30 

Emitter-Base Voltage VEBO -10 

Collector Current - Continuous IC -500 

Total Device Dissipation @ TA = 25'C PD 625 
Derate above 25'C 5.0 

Total Device Dissipation @ TA = 25'C PD 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = -100 JLAde, VBE = 0) MPSA62 

MPSA63, MPSA64 

Collector Cutoff Current 
(VCB = -15 Vde, IE = 0) MPSA62 
(VCB = -30 Vde, IE = 0) MPSA63, MPSA64 

Emitter Cutoff Current 
(VEB = -10 Vde, IC = 0) 

ON CHARACTERISTlCS(1) 

DC Current Gain 
(lC = -10mAde,VCE = -5.0Vde) MPSA63 

MPSA64 
MPSA62 

(lC = -100 mAde, VCE = -5.0 Vde) MPSA63 
MPSA64 

Collector-Emitter Saturation Voltage 
(lC = -10 mAde, IB = -0.01 mAde) MPSA62 
(lC = -100 mAde, IB = -0.1 mAde) MPSA63, MPSA64 

Base-Emitter On Voltage 
(lC = -10 mAde, VCE = -5.0 Vde) MPSA62 
(lC = -100 mAde, VCE = -5.0Vde) MPSA63, MPSA64 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(lC = -100 mAde, VCE = -5.0 Vde, f = 100 MHz) MPSA63, MPSA64 

(1) Pulse Test: Pulse Width", 300 p.s, Duty Cycle", 2.0%. 
(2) for = ihfei' ftest· 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWrC 

Watts 
mWf'C 

·C 

Unit 

'CIW 

'CIW 

MPSA62 
thru 

MPSA64* 
CASE 29-04, STYLE 1 

TO-92 (TO-226AA) 

Collector 3 

Emitter 1 

DARLINGTON TRANSISTORS 

Symbol 

V(BR)CES 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

PNPSILICON 
*MPSA64 is a Motorola 

designated preferred devica. 

Refer to MPSA75 for graphs. 

Min Max 

-20 -
-30 -

- -100 
- -100 

- -100 

5000 -
10,000 -
20,000 -
10,000 -
20,000 -

- -1.0 
- -1.5 

- -1.4 
- -2.0 

Unit 

Vde 

nAde 

nAde 

-

Vde 

Vde 
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MAXIMUM RATINGS 
Rating Symbol Valua 

Collector-Emitter Voltage VCEO -40 

Emitter-Base Voltage VEBO -4.0 

Collector Current - Continuous IC -100 

Total Device Dissipation @ TA = 25"C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @ TC = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tatg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R/IJA 200 

Thermal Resistance, Junction to Ca86 R/lJC 83.3 

ELECTRICAL CHARACTERISTICS TA = 25"C unless otherwise noted.) 

CharllCt1lrlstlc 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc = -1.0 mAde,lB = 0) 

Emitter-Base Breakdown Voltage 
(IE = -100 jLAde. IC = 0) 

Collector Cutoff Current 
(VCB = -30 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -5.0 mAde, VCE = -10 Vdcl 

Collector-Emitter Saturation Voltage 
(lc = -10 mAde,lB = -1.0 mAde) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -5.0 mAde, VCE = -10 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = -10Vdc,IE = O,f = 1.0 MHz) 

Unit 

Vde 

Vde 

mAde 

mW 
mWI'C 

Watts 
mWI'C 

'c 

Unit 

'C/W 

'C/W 

MPSA70 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to 2N5086 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -40 - Vde 

V(BR)EBO -4.0 - Vde 

ICBO - -100 nAde 

hFE 40 400 -

VCE(sat) - -0.25 Vde 

fr 125 - MHz 

Cobo - 4.0 pf 
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MAXIMUM RATINGS 

Rating Symbol MPSA75 I MPSA77 

Collector-Emitter Voltage VCES -40 I -60 

Emitter-Base Voltage VEBO -10 

Collector Current - Continuous IC -500 

Total Device Dissipation @TA = 25'C Po 625 
Derate above 25'C 5.0 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = -100 /LAde, VBE = 0) MPSA75 

MPSA77 

Collector-Base Breakdown Voltage 
(lc = 100 /LAde, 'E = 0) MPSA75 

MPSA77 

Collector Cutoff Current 
(VCB = -30 V, IE = 0) MPSA75 
(VCB = -50 V, IE = 0) MPSA77 

Collector Cutoff Current 
(VCE = -30 V, VBE = 0) MPSA75 
(VCE = -50 V, VBE = 0) MPSA77 

Emitter Cutoff Current 
(VEB = -10 Vde) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -10 mA. VCE = -5.0 V) 
(lC = -100 rnA. VCE = -5.0 V) 

Collector-Emitter Saturation Voltage 
(lc = -100 mA, IB = -0.1 mAde) 

Base-Emitter On Voltage 
(lC = -100 mA, VCE = - 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - High Frequency 
(lc = -10 mA, VCE = -5.0 V, f = 100 MHz) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Ade 

mW 
mWI'C 

'c 

Symbol 

V(BR)CES 

V(BR)CBO 

ICBO 

'CES 

lEBO 

hFE 

VCE(sat) 

VBE 

MPSA75 
MPSA77 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

Collector 3 

,,' 3 
Emitter 1 

DARLINGTON TRANSISTORS 

PNPSILICON 

Min Typ Max Unit 

Vde 
-40 - -
-60 - -

Vde 
-40 - -
-60 - -

nAde 
- - -100 
- - -100 

nAde 
- - -500 
- - -500 

- - -100 nAde 

-
10,000 - -
10,000 - -
- - -1.5 Vde 

- - -2.0 Vde 
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MPSA75 MPSA77 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 3 - COLLECTOR SATURATION REGION 
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MAXIMUM RATINGS 
Rating Symbol MPSA92 MPSA93 

Collector-Emitter Voltage VCEO -300 -200 

Collector-Base Voltage VCBO -300 -200 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -500 

Total Device Dissipation Po 
@TA= 25'c 625 
Derate above 25'C 5.0 

Total Device Dissipation Po 
@TC=25"C 1.5 
Derate above 25"C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 
Charactaristlc Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = -1.0 mAde, IB = 0) MPSA92 

MPSA93 

Collector-Base Breakdown Voltage 
(lC = -100 pAdc, IE = 0) MPSA92 

MPSA93 

Emitter-Base Breakdown Voltage 
(IE = -100 pAdc, IC = 0) 

Collector Cutoff Current 
(VCB = -200 Vde, IE = 01 MPSA92 
(VCB = -180 Vdc, IE = 0) MPSA93 

Emitter Cutoff Current 
(VEB = -3.0 Vde, IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lC = -1.0 mAdc, VCE = -10 Vdc) Both Types 
(lC = -10 mAdc, VCE = -10 Vde) Both Types 

(lC = -30 mAdc, VCE = -10 Vde) MPSA92 
MPSA93 

Collector-Emitter Saturation Voltage 
(lC = -20 mAde, IB = -2.0 mAde) MPSA92 

MPSA93 

Base-Emitter Saturation Voltage 
(lC = -20 mAdc, IB = -2.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -10 mAde, VCE = -20 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = -20 Vde, IE = 0, f = 1.0 MHz) MPSA92 

MPSA93 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWrC 

Watts 
mWrC 

·C 

Unit 

'CIW 

'CIW 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

f,-

Ceb 

MPSA92* 
MPSA93 

CASE 29-04. STYLE 1 
TO-92 (TO-226AA) 

~()'-
1 Emitter 

HIGH VOLTAGE 
TRANSISTORS 

PNPSIUCON 

*This is a Motorola 
designated preferred device. 

Min Max 

-300 -
-200 -
-300 -
-200 -
-5.0 -

- -0.25 
- -0.25 

- -0.1 

25 -
40 -
25 -
25 -

- -0.5 
- -0.4 

- -0.9 

50 -

- 6.0 
- 8.0 

Unit 

Vdc 

Vdc 

Vdc 

pAdc 

pAdc 

-

Vde 

Vdc 

MHz 

pF 
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VR. REVERSE VOLTAGE (VOLTS) 

FIGURE 4 - "ON" VOLTAGES 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 80 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 100 mAdc 

Total Device Dissipation @ T A = 25°C Po 625 mW 
Derate above 25°C 5.0 mWrC 

Total Device Dissipation @ TC = 25°C Po 1.5 Watt 
Derate above 25°C 12 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 °C 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R/lJA(l) 200 °CIW 

Thermal Resistance, Junction to Case R/lJC 83.3 °CIW 

(1) R/IJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(lC = 1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 pAdc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 80 Vdc, IE = 0) 

Emitter Cutoff Current lEBO 
(VEB = 3.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = 1.5 mAdc, VCE = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 10 mAdc,lB = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Crrent-Gain - Bandwidth Product fy 
(lC = 1.5 mAdc, VCE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(VCB = 10 Vdc, f = 1.0 MHz) 

Output Admittance hoe 
(lC = 1.5 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF 
(lC = 1.5 mAdc, VCE = 10 Vdc, RS = 50 ohms, f = 1.0 MHz) MPSH04 

(2) Pulse Test: Pulse Width", 300 !£S, Duty Cycle'" 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MPSH04 
CASE 29-04, STYLE 1 

TO-92 (TO-226AA) 

3 Collector 

~~ 
1 Emitter 

AMPLIFIER TRANSISTOR 

NPNSILICON 

Min Typ Max Unit 

80 - - Vdc 

80 - - Vdc 

4.0 - - Vdc 

- - 50 nAdc 

- - 50 nAdc 

-
30 - 120 

-
- - 0.25 Vdc 

80 - - MHz 

- - 1.6 pF 

- - 5.0 !£mhos 

- - 2.0 dB 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vde 

Collector-Base Voltage VCBO 30 Vde 

Emitter-Base Voltage VEBO 3.0 Vde 

Total Device Dissipation @ TA = 25°C Po 350 mW 
Derate above 25°C 2.81 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 °c 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 ~de, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 ~de, IC = 0) 

Collector Cutoff Cu rrent 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 3.0 mAde, VCE = 10 Vde) 

Base-Emitter On Voltage 
(lC = 3.0 mAde, VCE = 10 Vde) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 3.0 mAde, VCE = 10 Vde, f = 100 MHz) 

Collector-Emitter Capacitance 
(VCE = 10 Vde, IB = 0, f = 1.0 MHz, base guarded) 

Noise Figure 
(lC = 3.0 mAde, VCB = 10 Vde, RS = 50 Ohms, f = 100 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
(lc = 3.0 mAde, VCB = 10 Vde, RS = 50 Ohms, f = 100 MHz) 
(lC = 3.0 mAde, VCB = 10 Vde, RS = 50 Ohms, f = 200 MHz) 

Forward AGC Cu rrent 
(Gain Reduction = 30 dB, RS = 50 Ohms, f = 100 MHz) 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

hFE 

VBE(on) 

1,-

Cee 
(Crb) 

NF 

Gpb 

IAGC 

MPSH07A 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

~~ 
1 Emitter 

FMNHF TRANSISTOR 

NPNSILICON 

Min Max Unit 

30 - Vde 

30 - Vde 

3.0 - Vde 

- 50 nAde 

20 - -

- 0.9 Vde 

400 - MHz 

- 0.3 pF 

- 3.2 dB 

dB 
18 -
14 -
5.0 8.0 mAde 

2-368 Motorola Small-8ignal Transistors, FETs and Diodes Device Dala 



4D 

~ 

AGC CHARACTERISTICS 
V CC = 10 Vdc, RS = 50 Ohms, See Figure 9 

-- f = 100 MHz ---I = 200 MHz 
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FIGURE 4 - REVERSE TRANSFER ADMITTANCE 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 25 Vdc 

Collector-Base Voltage VCBO 30 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Total Device Dissipation @ TA = 25'C Po 350 mW 
Derate above 25'C 2.8 mWrC 

Total Device Dissipation @ TC = 25'C Po 1.0 Watt 
Derate above 25'C 8.0 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, T stg -55 to +150 OC 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 357 'CIW 

Thermal Resistance, Junction to Case R8JC 125 'CIW 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAdc, IC = 0) 

Collector Cutoff Current 
(VCB = 25 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 2.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 4.0 mAde, VCE = 10 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 4.0 mAde, IB = 0.4 mAde) 

Base-Emitter On Voltage 
(lC = 4.0 mAde, VCE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 4.0 mAde, VCE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Common-Base Feedback Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) MPS-Hl0 

MPS-Hll 

Collector Base Time Constant 
(lC = 4.0 mAde, VCB = 10 Vdc, f = 31.8 MHz) 

Motorola SmaU-5ignal TranSistors, FETs and Diodes Device Data 

MPSH10* 
MPSHll* 

CASE 29-04, STYLE 2 
TO-92 (TO-226AAI 

3 Collector 

.~() 
2 Emitter 

VHF/UHF TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE 

tr 

Ceb 

Crb 

rb'Cc 

NPN SILICON 

*These are Motorola 
designated preferred devices. 

Min Max 

25 -

30 -
3.0 -

- 100 

- 100 

60 -

- 0.5 

- 0.95 

650 -

- 0.7 

0.35 0.65 
0.6 0.9 

- 9.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ps 
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MPSH10 MPSH11 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO 15 

Collector-Base Voltage VCBO 20 

Emitter-Base Voltage VEBO 3.0 

Total Device Dissipation @TA a 250C Po 350 
Derate above 25'C 2.Bl 

Operating and Storage Junction TJ, Tatg -55to+l50 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RIIJA 357 
(Printed Circuit Board Mounting) 

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted.) 

Characterlatlc 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAdc, IC = 0) 

Collector Cutoff Current 
(YCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 5.0 mAde, VCE = 10 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 5.0 mAde, VCE = 10 Vdc, f = 100 Ml-lz) 

Collector-Base Capacitance 
(VCB = 10 Vde, f = 1.0 MHz) 

Smail-Signal Current Gain 
(lC = 5.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Noise Figure 
(lC = 5.0 mAde, VCC = 12 Vdc, RS = SO ohms, f = 200 MHz) 

FUNCTIONAL TEST 

Amplifier Power Gain 
(lC = 5.0 mAde, VCC = 12 Vdc, RS = 50 ohms, f = 200 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mW 
mWI"C 

'c 

Unit 

'C/W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

hFE 

VCE(sat) 

tr 

Ceb 

hfe 

NF 

MPSH17* 

CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 

3 Collector 

~-©. 
2 Emitter 

CATV TRANSISTOR 

NPNSILICON 

*This is a Motorola 
designated preferrad device. 

Min Typ Max 

15 - -
20 - -
3.0 - -

- - 100 

25 - 250 

- - 0.5 

BOO - -
0.3 - 0.9 

30 - -

- - 6.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-

Vde 

MHz 

pF 

-

dB 
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MAXIMUM RATINGS 
Rating Symbol Valua 

Collector-Emitter Voltage VCEO 30 

Collector-Base Voltage VCBO 40 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous IC 100 

Total Device Dissipation @ TA = 25'C Po 350 
Derate above 25'C 2.81 

Total Device Dissipation @ TC = 25'C Po 1.0 
Derate above 25'C 8.0 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to+150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RIlJA 357 

Thermal Resistance, Junction to Case RIlJC 125 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 4.0 mAde, VCE = 10 Vde) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 4.0 mAde, VCE = 10 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Collector Base Time Constant 
(IE = 4.0 mAde, VCB = 10 Vde, f = 31.8 MHz) 

Conversion Gain (213 to 45 MHz) 
(lC = 4.0 mAde, VCE = 10 Vde, Oscillator 
Injection = 200 mVde) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWI'C 

Watts 
mWI'C 

'C 

Unit 

'C/W 

'c/w 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

fT 

Ceb 

rb'Ce 

GC 

MPSH20* 

CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 

" ~~~' 
23 2 Emitter 

VHF TRANSISTOR 

NPNSILICON 

*11Iis Is a Motorola 
designated preferred device. 

Min Typ Max 

30 - -

40 - -
4.0 - -
- - 50 

400 620 -
- 0.5 0.65 

- 10 -

18 23 -

Unit 

Vde 

Vde 

Vde 

nAde 

MHz 

pF 

ps 

dB 
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FIGURE 7 - CURRENT -GAIN-BANDWIDTH PRODUCT 
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MPSH20 

FIGURE 8 - CAPACITANCES 
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MAXIMUM RATINGS 

RlItIng Symbol Valua 

Collector-Emitter Voltage VCEO 30 

Collector-Base Voltage VCBO 40 

Emitter-ilase Voltage VEBO 4.0 

Collector Current - Continuous IC 50 

Total Device Dissipation @TA = 25°C Po 360 
Derate above 250C 2.8 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +135 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Charactarlatlc 

OFFCHARACTE~Sncs 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde,IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 pAde, IE = 0) 

Emitter-Basa Breakdown Voltage 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 15 Vde, IE = 0) 

ON CHARACT~STlCS 

DC Current Gain 
(lC = B.O mAde, VCE = 10 Vde) 

SMALL-SIGNAL CHARACTERISnCS 

Current-Gain - Bandwidth Product 
(lC = B.O mAde, VCE = 10 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Conversion Gain 
(213 MHz to 45 MHz) 

(lC = 8.0 mAde, VCC = 20 Vde, Oscillator Injection = 150 mVrms) 
(60 MHz to 46 MHz) 

(lC = B.O mAde, VCC = 20 Vde, Oscillator Injection = 150 mVrrns) 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWf'C 

OC 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

". 

Ccb 

GC 

MPSH24 

CASE 29-04, STYLE 2 
T0-92 (TO·226AA) 

1'~~'-
2 2 Eminer 

3 

VHF TRANSISTOR 

NPNSIUCON 

Min Unit 

30 - - Vdc 

40 - - Vde 

4.0 - - Vdc 

- - 50 nAde 

400 620 - MHz 

- 0.26 0.36 pF 

dB 

19 24 -
24 29 -
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CONVERSION GAIN CHARACTERISTICS 
(TEST CIRCUIT FIGURE 7) 

(VCC; 20 Vdc, RS ; RL ; 50 Ohms, tit; 44 MHz, B.W. ; 6.0 MHz) 

MPSH24 

FIGURE 1 - CONVERSION GAIN versus COLLECTOR CURRENT FIGURE 2 - CONVERSION GAIN versus INJECTION LEVEL 
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FIGURE 4 - REVERSE TRANSFER ADMITTANCE 
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MPSH24 

I~ 

lose 
C1 1.5·20 pF 
C2 8.0·60 pF 
C3 8.0·60 pF 
C4 3.0·35 pF 
C5 1.5·20 pF 
L1 5 Turns #26 

Air, Tap 1 Turn 
L2 10 Turns #26 

Air 

L3 Ohmit. Z235 
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FIGURE 7 - VHF MIXER TEST CIRCUIT 

(fif = 44 MHz, B.W. = 6.0 MHz) 
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MAXIMUM RATINGS 

Rating Symbol Valua 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VCBO 40 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous IC 50 

Total Device Dissipation @ TA = 25°C Po 350 
Derate above 25°C 2.8 

Operating and Storage Junction TJ, Tstg -55 to +135 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Cu rrent 
(VCB = 30 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 7.0 mAde, VCE = 15 Vde) 
(lC = 20 mAde, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 7.0 mAde, IB = 2.0 mAde) 

Base-Emitter On Voltage 
(lC = 7.0 mAde, VCE = 15 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 15 mAde, VCE = 15 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWrC 

°c 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

hFE 

VCE(sat) 

VBE(on) 

fy 

Ceb 

MPSH34 

CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 

3 Collector 

~() 
2 Emitter 

IF TRANSISTOR 

NPN SILICON 

Refer to MPSH24 for graphs. 

Min Typ Max 

40 - -
40 - -

4.0 - -

- - 50 

40 - -
15 - -
- - 0.5 

- - 0.95 

500 720 -

- 0.25 0.32 

Unit 

Vde 

Vdc 

Vde 

nAde 

-

Vde 

Vde 

MHz 

pF 

2-381 



• Designed for UHFNHF Amplifier Applications 
• High Current Bandwidth Product 

tr = 2000 MHz @ 10 mAdc 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ T A = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

Symbol 

VCEO 

VCBO 

VEBO 

Po 

TJ, Tstg 

Value 

-15 

-15 

-4 
350 
2.81 

-55 to +150 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Unit 

Vdc 

Vdc 

Vdc 

mW 
mWI'C 

'C 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(lC = -1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = -10 ,.Adc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10,.Adc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = -10 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -10 mAde, VCE = -10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product f,-
(lC = -10 mAde, VCE = -10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Crb 
(VCE = -10 Vde, IE = 0, f = 1.0 MHz) 

MPSH69* 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

~() 
1 Emitter 

3 

RF AMPLIFIER TRANSISTOR 

Min 

-15 

-15 

-4 

-

2000 

-

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- -

- -

- -100 

- -

- 0.3 

Unit 

Vdc 

Vdc 

Vdc 

nAde 

MHz 

pF 

2-382 Motorola Smali-Signal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -20 Vdc 

Collector-Base Voltage VCBO -20 Vdc 

Emitter-Base Voltage VEBO -3.0 Vdc 

Total Device Dissipation @ TA = 25'C Po 350 mW 
Derate above 25'C 2.81 mWI'C 

Operating and Storage Junction TJ, Tstg -55 to +150 'c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(lC = -1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = -10 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10 pAdc,lC = 0) 

Collector Cutoff Current ICBO 
(VCB = -10 Vdc, IE = 0) 

Emitter Cutoff Current lEBO 
(VEB = - 2.0 Vdc, IC = 0) 

ON CHARACTERISncs 

DC Current Gain hFE 
(lC = -5.0 mAde, VCE = -10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lc = -5.0 mAdc,lB = -0.5 mAde) 

Base-Emitter On Voltage VBE(on) 
(lC = -5.0 mAde, VCE = -10 Vdc) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
(lC = -5.0 mAde, VCE = -10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(VCB = -10 Vdc, IE = 0, f = 1.0 MHz) 

Collector-Emitter Capacitance Cce 
(lB = 0, VCB = -10 Vdc, f = 1.0 MHz 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

MPSH81* 

CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 

3 Collector 

~~ 
2 Emitter 

RF AMPLIFIER TRANSISTOR 

Min 

-20 

-20 

-3.0 

-

-

60 

-

-

600 

-

-

PNPSILICON 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- -

- -

- -100 

- -100 

- -

- -0.5 

- -0.9 

- -

- 0.85 

- 0.65 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

2-383 



MPSH81 
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FIGURE 5 - CURRENT-GAIN - BANDWIDTH PRODUCT 

% 1000 
~ 
I- 90 
<-> 
=> 

0 

o 8IlIl 
o 
a: 
"- 700 
% 
l­
e: 60 0 
~ 
z 500 « ., 

I 4IlIl 
z 
;;: 3IlIl 

'" 5 200 

~ 100 
=> 
<-> 

J:' 
o 
o 

- -V -
/ 

V-

I 

VCE = -IOV -
f = 100Mrz 

-2.0 -4.0 -6.0 -ao -10 -12 -14 -16 -18 -20 

IC. COLLECTOR CURRENT (mA) 

Motorola Small-8ignal Transistors. FETs and Diodes DeYice Data 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 120 

Collector-Base Voltage VCBO 140 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 150 

Total Device Dissipation @ TA = 25°C PD 625 
Derate above 25°C 5.0 

Total Device Dissipation @ TC = 25°C PD 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R6JA 200 

Thermal Resistance, Junction to Case R6JC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 75 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) 
(lC = 10 mAde, VCE = 5.0 Vde) 

Collector-Emitter Saturation Voltage 
(lc = 10 mAde, IB = 1.0 mAde) 
(lC = 50 mAde, IB = 5.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 
(lC = 50 mAde, IB = 5.0 mAde)(l) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(l) 
(lC = 10 mAde, VCE = 10 Vde, f = 20 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width = 300 I'S, Duty Cycle = 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWI"C 

Watts 
mWI"C 

°c 

Unit 

0c/w 

°CIW 

MPSLOI 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

,:.~ 
1 Emitter 

AMPLIFIER TRANSISTOR 

NPNSILICON 

Refer to 2N5550 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 120 - Vde 

V(BR)CBO 140 - Vde 

V(BR)EBO 5.0 - Vde 

ICBO - 1.0 pAde 

lEBO - 100 nAde 

hFE 50 300 -

VCE(sat) Vde 
- 0.20 
- 0.30 

VBE(sat) Vde 
- 1.2 
- 1.4 

IT 60 - MHz 

Ceb - 8.0 pF 

hfe 30 - -

2-385 



MAXIMUM RATINGS 
RatIng Symbol Valua 

Collector-Emitter Voltage VCEO -100 

Collector-Base Voltage VCBO -100 

Emitter-Base Voltage VEBO -4.0 

Collector Current - Ctoninuous IC -600 

Total Device Dissipation @ TA = 2S"C Po 625 
Derate above 2S'C 5.0 

Total Device Dissipation @ TC = 25"C Po 1.5 
Derate above 25"C 12.0 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 200 

Thermal Resistance, Junction to Case ReJC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 2S"C unless otherwise noted.) 

I Cha~ 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lc = -1.0 mAde, lB = 0) 

Collector-Base Breakdown Voltage 
(lc = -100 /LAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -10 /LAde, IC = 0) 

Collector Cutoff Current 
(VCB = -50 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = -3.0 Vde, IC = 0) 

ON CHARACTERISTICS(l) 

DC Current Gain(l) 
(lC = -50 mAde, VCE = -5.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = -10 mAde,lB = -1.0 mAde) 
(lC = -50 mAde,lB = -5.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = -10 mAde,lB = -1.0 mAde) 
(lC = -50 mAde,lB = -5.0 mAde) 

SMALL-SIGNAL CHARACTERISnCS 

Current-Gain - Bandwidth Product 
(lC = -10 mAde, VCE = -10 Vdc, f - 20 MHz) 

Output Capacitance 
(VCB = -10 Vde, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(lC= -1.0mAde,Vce= -10Vdc,f=1.0kHz) 

(1) Pulse Test: Pulse Test = 300 p.s, Duty Cycle» 2.0%. 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWI"C 

Watts 
mWf'C 

"C 

Unit 

°CIW 

°CIW 

MPSL51 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

~-© 
1 Emitter 

AMPLIFIER TRANSiStOR 

PNPSIUCON 

Refer to 2N5400 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -100 - Vde 

V(BR)CBO -100 - Vde 

V(BR)EBO -4.0 - Vde 

ICBO - -1.0 /LAde 

lEBO - -100 nAdc 

hFE 40 250 -

VCE(sat) Vde 
- -0.25 
- -0.30 

VBE(sat) Vde 
- -1.2 
- -1.2 

tr 60 - MHz 

Cobo - 8.0 pF 

hfe 20 - -

2-386 Motorola Small-Signal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 
MPSW01 30 
MPSW01A 40 

Collector-Base Voltage VCBO 
MPSW01 40 
MPSW01A 50 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 1000 

Total Device Dissipation @ T A = 25'C Po 1.0 
Derate above 25'C B.O 

Total Device Dissipation @ TC = 25'C Po 2.5 
Derate above 25'C 20 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 125 

Thermal Resistance, Junction to Case R8JC 50 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lC = 10 mAde, IB = 0) MPSW01 

MPSW01A 

Collector-Base Breakdown Voltage 
(lC = 100 /lAde, IE = 0) MPSW01 

MPSW01A 

Emitter-Base Breakdown Voltage 
(IE = 100 /lAde, IC = 0) 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) MPSW01 
(VCB = 40 Vde, IE = 0) MPSW01A 

Emitter Cutoff Current 
(VEB = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lC = 10 mAde, VCE = 1.0 Vde) 
(lC = 100 mAde, VCE = 1.0 Vde) 
(lC = 1000 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lc = 1000 mAde, IB = 100 mAde) 

Base-Emitter On Voltage 
(lC = 1000 mAde, VCE = 1.0 Vde) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = 50 mAde, VCE = 10 Vde, f = 20 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width", 300 J.IS, Duty Cycle'" 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mWI'C 

Watts 
mWI'C 

'c 

Unit 

'CIW 

'CIW 

MPSW01, A* 

CASE 29-05, STYLE 1 
TO-92 (TO-226AE) 

3 Collector 

~.~ 
1 Emitter 

ONE WATT 
HIGH CURRENT TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

". 

Cobo 

NPN SILICON 

*MPSW01A is a Motorola 
designatad preferrad device. 

Min Max 

30 -
40 -

40 -
50 -
5.0 -

- 0.1 
- 0.1 

- 0.1 

55 -
60 -
50 -
- 0.5 

- 1.2 

50 -

- 20 

Unit 

Vde 

Vde 

Vde 

/lAde 

/lAde 

-

Vde 

Vde 

MHz 

pF 

2-387 
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FIGURE 7 - ACTIVE REGION·SAFE OPERATING AREA 
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MPSW01,A 
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MAXIMUM RATINGS 

Rating Symbol MPSW05 MPSW06 Unit 

Collector-Emitter Voltage VCEO 60 80 Vde 

Collector-Base Voltage VCBO 60 80 Vde 

Emitter-Base Voltage VEBO 4.0 Vde 

Collector Current - Continuous IC SOO mAde 

Total Device Dissipation @ T A = 2SoC PD 1.0 Watt 
Derate above 25°C 8.0 mWrC 

Total Device Dissipation @ TC = 2SoC PD 2.S Watts 
Derate above 2SoC 20 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -SSto +1S0 °C 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 12S 0c/w 

Thermal Resistance, Junction to Case R8JC 50 °CIW 

ELECTRICAL CHARACTERISTICS (TA = 2SOC unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lC = 1.0 mAde, IB = 0) MPSWOS 

MPSW06 

Emitter-Base Breakdown Voltage 
(IE = 100 pAde, IC = 0) 

Collector Cutoff Current 
(VCE = 40 Vde, IB = 0) MPSW05 
(VCE = 60 Vde, IB = 0) MPSW06 

Collector Cutoff Current 
(VCB = 40 Vde, IE = 0) MPSWOS 
(VCB = 60 Vde, IE = 0) MPSW06 

Emitter Cutoff Current 
(VEB = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lc = 50 mAde, VCE = 1.0 Vde) 
(lC = 2S0 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 250 mAde, IB = 10 mAde) 

Base-Emitter Saturation Voltage 
(lC = 2S0 mAde, VCE = S.O Vdc) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 200 mAde, VCE = S.O Vde, f = 20 MHz) 

Output Capacitance 
(VCB = 10 V, f = 1.0 MHz) 

(1) Pulse Test: Pulse WIdth .. 300 p.S, Duty Cycle .. 2.0%. 

MPSWOS 
MPSW06* 

CASE 29-05, STYLE 1 
TO-92 (TO-226AE) 

3 Collector 

~~ 
1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTORS 

NPN SILICON 

Symbol 

V(BR)CEO 

V(BR)EBO 

ICES 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

f,-

Cobo 

*Thls is a Motorola 
designated preferred device. 

Min Max 

60 -
80 -
4.0 -

- O.S 
- O.S 

- 0.1 
- 0.1 

- 0.1 

80 -
60 -
- 0.40 

- 1.2 

50 -

- 12 

Unit 

Vde 

Vdc 

/LAde 

pAde 

/LAde 

-

Vde 

Vdc 

MHz 

pF 

2-390 Motorola Small-5ignal Transistors, FETs and Diodes Device Data 



MPSW05 MPSW06 

FIGURE 1 - D.C. CURRENT GAIN 
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FIGURE 6 - CURRENT GAIN - BANDWIDTH PRODUCT 
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FIGURE 7 - ACTIVE REGION - SAFE OPERATING AREA 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 300 

Collector-Base Voltage VCBO 300 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous IC 500 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C B.O 

Total Device Dissipation @ TC = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Charactaristlc Symbol Max 

Thermal Resistance, Junction to Ambient RruA 125 

Thermal Resistance, Junction to Case Rruc 50 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 pAdc, IC = 0) 

Collector Cutoff Current 
(VCB = 200 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 6.0 Vdc, IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lC = 1.0 mAdc, VCE = 10 Vdc) 
(lC = 10 mAdc, VCE = 10 Vdc) 
(lC = 30 mAdc, VCE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(lc = 30 mAdc, IB = 3.0 mAdc) 

Base-Emitter On Voltage 
(lC = 30 mAdc, VCE = 10 Vdc) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mAdc, VCE = 20 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(VCB = 20 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width"" 300 ps, Duty Cycle"" 2.0%. 

Motorola SmaU--5ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mWrC 

Watts 
mWrC 

°c 

Unit 

0c/w 

0c/w 

MPSW10 

CASE 29·05, STYLE 1 
TO·92 (TO·226AE) 

3 Collector 

~-EQ 
1 Emitter 

ONE WATT 
HIGH VOLTAGE TRANSISTOR 

NPN SILICON 

Refer to MPSW42 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 300 - Vdc 

V(BR)CBO 300 - Vdc 

V(BR)EBO 6.0 - Vdc 

ICBO - 0.2 pAdc 

lEBO - 0.1 pAdc 

hFE -
25 -
40 -
40 -

VCE(sat) - 0.75 Vdc 

VBE(on) - 0.85 Vdc 

tr 45 - MHz 

Ccb - 3.0 pF 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCES 30 

Collector-Base Voltage VCBO 30 

Emitter-Base Voltage VEBO 10 

Collector Current - Continuous IC 1.0 

Total Device Dissipation @ TA = 25"C Po 1.0 
Derate above 25"C 8.0 

Total Device Dissipation @ TC = 25'C Po 2.5 
Derate above 25"C 20 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 125 

Thermal Resistance, Junction to Case R8JC 50 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERIS'nCS 

Collector-Emitter Breakdown Voltage 
(lc = 100 pAde, VBE = 0) 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 10 Vde, IC = 0) 

ON CHARACTERlSTlCS(1) 

DC Current Gain 
(lC = 10 mAde, VCE = 5.0 Vde) 

(lC = 100 mAde, VCE = 5.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 100 mAde, IB = 0.1 mAde) 

Base-Emitter On Voltage 
IIC = 100 mAde, VCE = 5.0 Vde) 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(lC = 10 mAde, VCE = 5.0 Vde, f = 100 MHz) 

(1) Pulse Test: Pulse Width ... 300 ps, Duty Cycle ... 2.0%. 
(2) fT = Ihfel" ftest. 

MPSW13 
MPSW14 

MPSW13 
MPSW14 

Unit 

Vde 

Vde 

Vde 

Ade 

Watt 
mWrC 

Watts 
mWrC 

'c 

Unit 

'c/w 

'c/w 

MPSW13 
MPSW14 

CASE 29-05, STYLE 1 
TO-92 (TO-226AE) 

Collector 3 

Emitter 1 

ONE WATT 
DARLINGTON TRANSISTORS 

NPNSILICON 

Symbol Min Max Unit 

V(BR)CES 30 - Vde 

ICBO - 100 nAde 

lEBO - 100 nAde 

hFE -
5000 -

10,000 -
10,000 -
20,000 -

VCElsat) - 1.5 Vde 

VBElon) - 2.0 Vde 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO 300 

Collector-Base Voltage VCBO 300 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous IC 500 

Total Device Dissipation @ TA = 25°C PD 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @TC = 25°C PD 2.5 
Derate above 25°C 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 
Charac:teristic Symbol Max 

Thermal Resistance, Junction to Ambient R/iJA 125 

Thermal Resistance, Junction to Case R/iJC 50 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lc = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 pAdc, IC = 0) 

Collector Cutoff Current 
(VCB = 200 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 6.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.0 mAde, VCE = 10 Vdc) 
(lC = 10 mAde, VCE = 10 Vdc) 
(lc = 30 mAde, VCE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 20 mAde, IB = 2.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = 20 mAde, IB = 2.0 mAde) 

SMALL·SIGNAL CHARACTERISTICS 

Current·Gain - Bandwidth Product 
(lc = 10 mAde, VCE = 20 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(VCB = 20 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse WIdth", 300 J.£S, Duty Cycle", 2.0%. 

Motorola Small-Signal Transistors. FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mWfC 

Watts 
mWfC 

°c 

Unit 

°CIW 

°CIW 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

for 

Ccb 

MPSW42* 

CASE 29-05, STYLE 1 
TO-92 (TO-226AE) 

3 Collector 

~~ 
, Emitter 

ONE WATT 
HIGH VOLTAGE 

TRANSISTOR 

NPNSILICON 

*This is a Motorola 
designatad praferrad devica. 

Min Max 

300 -

300 -

6.0 -

- 0.1 

- 0.1 

25 -
40 -
40 -
- 0.5 

- 0.9 

50 -

- 3.0 

Unit 

Vdc 

Vdc 

Vdc 

pAdc 

pAdc 

-

Vde 

Vdc 

MHz 

pF 

2-397 



MPSW42 

FIGURE 1 - D.C. CURRENT GAIN 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 7 - ACTIVE REGION SAFE OPERATING AREA 
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MAXIMUM RATINGS 

Rating Symbol MPSW45 MPSW45A Unit 

Collector-Emitter Voltage VCES 40 50 Vdc 

Collector-Base Voltage VCBO 50 60 Vdc 

Emitter-Base Voltage VEBO 12 12 Vdc 

Collector Current - Continuous IC 1.0 1.0 Adc 

Total Device Dissipation PD 
@TA=25°C 1.0 Watt 
Derate above 25°C 8.0 mWrC 

Total Device Dissipation Po 
@TC = 25°C 2.5 Watts 
Derate above 25°C 20 mWrC 

Operating and Storaga Junction 
Temperature Range 

TJ, Tstg -55 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 125 °CIW 

Thermal Resistance, Junction to Case R9JC 50 °CIW 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Charactarlstic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 100 pAdc, VBE = 0) MPSW45 

MPSW45A 

Collector-Base Breakdown Voltage 
(lC = 100 pAdc, IE = 0) MPSW45 

MPSW45A 

Emitter-Base Breakdown Voltage 
(IE = 10 pAdc, IC = 0) 

Collector Cutoff Current 
(VCB = 30 Vdc, IE = 0) MPSW45 
(VCB = 40 Vdc, IE = 0) MPSW45A 

Emitter Cutoff Current 
(VEB = 10 Vdc, IC = 0) 

ON CHARACTERISTlCS(1) 

DC Current Gain 
(lC = 200 mAdc, VCE = 5.0 Vdc) 
(lC = 500 mAdc, VCE = 5.0 Vdc) 
(lc = 1.0 Adc, VCE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 1.0 Adc, IB = 2.0 mAdc) 

Base-Emitter Saturation Voltage 
(lC = 1.0 Adc, IB = 2.0 mAdc) 

Base-Emitter On Voltage 
(lC = 1.0 Adc, VCE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = 200 mAdc, VCE = 5.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width .. 300 p.s, Duty Cycle .. 2.0%. 

MPSW45,A* 

CASE 29-05, STYLE 1 
TO-92 (TO-226AE) 

Collector 3 

Emitter 1 

ONE WATT 
DARLINGTON TRANSISTORS 

Symbol 

V(BRICES 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

VBE(on) 

IT 

Ccb 

NPNSIUCON 

*MPSW45A is a Motorola 
designated preferred device. 

Refer to 2N6426 for graphs. 

Min Max 

40 -
50 -

50 -
60 -
12 -

- 100 
- 100 

- 100 

25,000 150,000 
15,000 -
4,000 -
- 1.5 

- 2.0 

- 2.0 

100 -

- 6.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

Vdc 

MHz 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage MPSW51 VCEO -30 Vdc 
MPSW51A -40 

Collector-Base Voltage MPSW51 VCBO -40 Vdc 
MPSW51A -50 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous IC -1000 mAde 

Total Device Dissipation @ TA = 25"C Po 1.0 Watt 
Derate above 25"C 8.0 mWrC 

Total Device Dissipation @ TC = 25"C Po 2.5 Watts 
Derate above 25"C 20 mWrC 

Operating and Storage Junction TJ, Tstg -55 to +150 "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 125 "CIW 

Thermal Resistance, Junction to Case R8JC 50 "CIW 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteriatic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lC = -1.0 mAde, IB = 0) MPSW51 

MPSW51A 

Collector-Base Breakdown Voltage 
(lC = -100 I'Adc, IE = 0) MPSW51 

MPSW51A 

Emitter-Base Breakdown Voltage 
(IE = -100 !£Adc, IC = 0) 

Collector Cutoff Current 
(VCB = -30 Vdc, 'E = 0) MPSW51 
(VCB = -40 Vdc, 'E = 0) MPSW51A 

Emitter Cuttoff Current 
(VEB = - 3.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = -10 mAde, VCE = -1.0 Vdc) 
(lC = -100 mAde, VCE = -1.0 Vdc) 
(lC = -1000mAdc,VCE = -1.0Vdc) 

Collector-Emitter Saturation Voltage 
(lC = -1000 mAde, 'B = -100 mAde) 

Base-Emitter On Voltage 
(lc = -1000mAdc,VCE = -1.0Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = -50 mAde, VCE = -10 Vdc, f = 20 MHz) 

Output Capacitance 
(VCB = -10 Vdc, 'E = 0, f = 1.0 MHz) 

(11 Pulse rest: Pulse Width" 3001's, Duty Cycle" 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MPSW51,A* 

CASE 29-05. STYLE 1 
TO-92 (TO-226AE) 

3 Collector 

~~ 
, Emitter 

ONE WATT 
HIGH CURRENT TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

tr 

Cobo 

PNPSIUCON 

*MPSW51A is a Motorola 
designated preferred device. 

Min Max 

-30 -
-40 -

-40 -
-50 -
-5.0 -

- -0.1 
- -0.1 

- -0.1 

55 -
60 -
50 -
- -0.7 

- -1.2 

50 -

- 30 

Unit 

Vdc 

Vdc 

Vdc 

I'Adc 

!£Adc 

-

Vdc 

Vdc 

MHz 

pF 

2-401 
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FIGURE 7 - ACTIVE REGION-SAFE OPERATING AREA 
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MAXIMUM RATINGS 

Rating Symbol MPSW55 MPSW56 

Collector-Emitter Voltage VCEO -60 -80 

Collector-Base Voltage VCBO -60 -80 

Emitter-Base Voltage VEBO -4.0 

Collector Current - Continuous IC -500 

Total Device Dissipation @ TA = 25°C PD 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @ TC = 25°C PD 2.5 
Derate above 25°C 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R6JA 125 

Thermal Resistance, Junction to Case R6JC 50 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lc = - 1.0 mAde, IB = 0) MPSW55 

MPSW56 

Emitter-Base Breakdown Voltage 
(IE = - 100 !lAde, IC = 0) 

Collector Cutoff Current 
(VCE = -40 Vde, IB = 0) MPSW55 
(VCE = -60 Vde, IB = 0) MPSW56 

Collector Cutoff Current 
(VCB = -40 Vde, IE = 0) MPSW55 
(VCB = -60 Vde, IE = 0) MPSW56 

Emitter Cutoff Current 
(VEB = -3.0 Vde, IC = 0) 

ON CHARACTERISTICS(1) 

DC Cu rrent Ga i n 
(lC = -50 mAde, VCE = - 1.0 Vde) 
(lC = -250mAde,VCE = -1.0Vde) 

Collector-Emitter Saturation Voltage 
(lC = -250 mAde, IB = -10 mAde) 

Base-Emitter On Voltage 
(lC = -250 mAde, VCE = -5.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -250 mAde, VCE = -5.0 Vde, f = 20 MHz 

Output Capacitance 
(VCB = - 10 Vde, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width", 300 JLS, Duty Cycle'" 2.0%. 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mWI"C 

Watts 
mWI"C 

°c 

Unit 

°CIW 

°CIW 

MPSW55 
MPSW56* 

CASE 29-05, STYLE 1 
TO-92 (TO-226AE) 

3 Collector 

~() 
1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)EBO 

ICES 

leBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

fr 

Cobo 

PNPSIUCON 

*This is a Motorola 
designated preferred device. 

Min Max 

-60 -
-80 -
-4.0 -

- -0.5 
- -0.5 

- -0.1 
- -0.1 

- -0.1 

100 -
50 -
- -0.5 

- -1.2 

50 -

- 15 

Unit 

Vde 

Vde 

!lAde 

!lAde 

!lAde 

-

Vde 

Vde 

MHz 

pF 

2-404 Motorola Small-Signal Transistors, FETs and Diodes Device Data 
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FIGURE 1 - D.C. CURRENT GAIN 
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FIGURE e - CURRENT GAIN - BANDWIDTH PRODUCT 
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MAXIMUM RATINGS 

MPSW63 
Rating Symbol MPSW64 

Collector-Emitter Voltage VeES -30 

Collector-Base Voltage VCBO -30 

Emitter-Base Voltage VEBO -10 

Collector Current - Continuous Ie -500 

Total Device Dissipation @TA = 25'C Po 1.0 
Derate above 25'C 8.0 

Total Device Dissipation @ TC = 25'C Po 2.5 
Derate above 25'C 20 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R9JA 125 

Thermal Resistance, Junction to Case R9JC 50 

ELECTRICAL CHARACTERISTICS T A = 25'C unless otherwise noted.) 

I Characteristic 

Off CHARACTERISnc5 

Collector-Emitter Breakdown Voltage 
(lC = -100 pAde, VBE = 0) 

Collector Cutoff Currant 
(VCB = -30 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = -10 Vde, IC = 0) 

ON CHARACTERlSnCSI1l 

DC Current Gain 
(lC = -10 mAde, VCE = -5.0 Vde) 

(lC = -100 mAde, VCE = -5.0 Vde) 

Collector-Emitter Saturation Voltage 
(lc = -100 mAde, IB = -0.1 mAde) 

Base-Emitter On Voltage 
(lC = -100 mAde, VCE = -5.0 Vde) 

SMALL-SIGNAL CHARACTERISncS 

Current-Gain - Bandwidth Product(2) 
(lc = -10 mAde, VCE = -5.0 Vde, f = 100 MHz) 

(1) Pulse Test: Pulse Width", 300 ,.s, Duty Cycle'" 2.0%. 
(2) ". = Ihfal· ftest· 

MPSW63 
MPSW64 

MPSW63 
MPSW64 

Motorola SmaU-5ignal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mWI'C 

Watts 
mWI'C 

'c 

Unit 

'CIW 

'CIW 

MPSW63 
MPSW64* 

CASE 29-05, STYLE 1 
TO-92 (TO-226AE) 

Collector 3 

Emitter 1 

ONE WATT 
DARLINGTON TRANSISTORS 

Symbol 

V(BR)CES 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

PNPSILICON 

* This is a Motorola 
designated preferred davlca. 

Min Max 

-30 -

- -100 

- -100 

5,000 -
10,000 -

10,000 -
20,000 -
- -1.5 

- -2.0 

Unit 

Vde 

nAde 

nAdc 

-

Vdc 

Vde 

2-407 



MPSW63 MPSW64 

TYPICAL ELECTRICAL CHARACTERISTICS 
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MPSW63 MPSW64 

FIGURE 6 - CAPACITANCE FIGURE 7 - ACTIVE REGION. SAFE OPERATING AREA 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO -300 

Collector-Base Voltage VCBO -300 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -500 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C B.O 

Total Device Dissipation @ TC = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 125 

Thermal Resistance, Junction to Case R8JC 50 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = -1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = -100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -100 pAdc, Ie = 0) 

Collector Cutoff Current 
(VCB = -200 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = -3.0 Vde, IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lC= -1.0mAde,VCE= -10Vde) 
(lC = -10 mAde, VCE = -10 Vde) 
(lC = -30 mAde, VCE = -10 Vde) 

Collector-Emitter Saturation Voltage 
(lC = -20 mAde, IB = -2.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = -20 mAde, IB = -2.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -10 mAde, VCE = -20 Vde, f = 20 MHz) 

Collector-Base Capacitance 
(VCB = -20 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse WIdth'" 300 ,.S, Duty Cycle'" 2.0%. 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mwrc 
Watts 
mWrC 

°c 

Unit 

°C/W 
0c/w 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

tr 

Ceb 

MPSW92* 
CASE 29-05, STYLE 1 

TO·92 (TO·226AE) 

3 Collector 

,:~ 
1 Emitter 

ONE WATT 
HIGH VOLTAGE 

TRANSISTOR 

PNPSIUCON 

* This Is a Motorola 
designated preferred device. 

Min Max 

-300 -
-300 -
-5.0 -

- -0.25 

- -0.1 

25 -
40 -
25 -
- -0.5 

- -0.9 

50 -

- 6.0 

Unit 

Vdc 

Vdc 

Vdc 

pAde 

pAde 

-

Vde 

Vde 

MHz 

pF 

2-410 Motoro)a Small-5ignal Transistors, FETs and Diodes Device Data 



FIGURE 1 - D.C. CURRENT GAIN 
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FIGURE 6 - CURRENT GAIN· BANDWIDTH PRODUCT 
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FIGURE 7 - ACTIVE REGION SAFE OPERATING AREA 
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MAXIMUM RATINGS (T A = 25°C) 

Rating Symbol Value Unit 

Collector-Base Voltage VCBO -30 V 

Collector-Emitter Voltage VCEO -20 V 

Emitter-Base Voltage VEBO -5 V 

Collector Current-Continuous IC -30 mA 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation Po 200 mW 

Junction Temperature TJ 150 °c 

Storage Temperature Tstg -55-+150 °c 

ELECTRICAL CHARACTERISTICS (T A = 25°C) 

Characteristic Symbol Condition 

Collector Cutoff Current ICBO VCB=-10V,IE=0 

Collector-Emitter Breakdown Voltage ICEO VCE =-20 V, IB = 0 

Emitter-Base Breakdown Voltage lEBO VEB =-5 V, IC = 0 

DC Current Gain hFE' VCE=-10V,IC=-1 mA 
MSA 1 022-BT1 
MSA 1 022-Cn 

Current-Gain - Bandwidth Product r,. VCB=-10V, IE= 1 mA 

·Pulse Test: Pulse Width ~ 300 ~, D.C. s 2%. 

DEVICE MARKING 

Marking Symbol 

MSA1022-BTI MSA1022-CT1 

The "X· represents a smaller alpha digit Date Code. The Date Code indicates the actual month in which 
the part was manufactured. 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

MSAI022-BTl * 
MSAI022-CTl * 
CASE 3180-03, STYLE 1 

COLLECTOR 

2 
BASE 

1 
EMITIER 

SC-59 PACKAGE 
PNP RF AMPLIFIER 

TRANSISTORS 
SURFACE MOUNT 

*Th_ are Motorola 
designated preferred devices. 

Min Max Unit 

- -0.1 IIA 
- -100 IIA 
- -10 IIA 

70 140 -
110 220 -
150 - MHz 

2-413 



MAXIMUM RATINGS (T A = 25°C) 

Rating Symbol Value Unit 

Collector-Base Voltage V(BR)CBO -25 Vde 

Collector-Emitter Voltage V(BR)CEO -25 Vde 

Emitter-Base Voltage V(BR)EBO -7 Vde 

Collector Current-Continuous IC -100 mAde 

Collector Current-Peak ICCP} -200 mAde 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation PD 200 mW 

Junction Temperature TJ 150 °c 

Storage Temperature Range Tstg -55 --+ 150 °C 

ELECTRICAL CHARACTERISTICS (T A = 25°C) 

Characteristic Symbol Condition 

Collector-Emitter 
Breakdown Voltage 

V(BR)CEO IC =-2.0 rnA, IB=O 

Collector-Base 
Breakdown Voltage 

V(BR)CBO IC=-10JlA,IE=0 

Emitter-Base 
Breakdown Voltage 

V(BR)EBO IE = -10 JlA, IE = 0 

Collector-Base Cutoff Current ICBO VCB =-20 V, IE = 0 

Collector-Emitter ICEO VCE=-10V,IB=0 
Cutoff Current 

DC Current Gain hFE1' VCE = -10 V, IC = -2.0 rnA 
MSB709-RT1 
MSB709-ST1 

Collector-Emitter Saturation Voltage VCE(sat} IC = -100 rnA, IB = -10 rnA 

*Pulse Test: Pulse Width S 300 /JS, D.C. S 2%. 

DEVICE MARKING 

Marking Symbol 

MSB709-RT1 MSB709-ST1 

The "X" represents a smaller alpha digit Date Code. The Date Code indicates the actual 
month in which the part was manufactured. 

MSB709·RTI * 
MSB709·STI 

CASE 3180-03, STYLE 1 

COLLECTOR 

2 
BASE 

1 
EMITTER 

SC-59 PACKAGE 
PNP GENERAL PURPOSE 

AMPLIFIER TRANSISTORS 
SURFACE MOUNT 

*This is a Motorola 
designated prafarred device_ 

Min Max 

-25 -

-25 -

-7 -

- -0.1 

- -100 

210 340 
290 460 

- -{l.5 

Unit 

Vde 

Vde 

Vde 

JlA 

JlA 

-
-

Vde 
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MAXIMUM RATINGS (T A = 25°C) 

Rating Symbol Value Unit 

Collector-Base Voltage V(BR)CBO -30 Vdc 

Collector-Emitter Voltage V(BR)CEO -25 Vdc 

Emitter-Base Voltage V(BR)EBO -7 Vdc 

Collector Current-Continuous IC -500 mAdc 

Collector Current-Peak IC(P) -1 Adc 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation PD 200 mW 

Junction Temperature TJ 150 °C 

Storage Temperature Range Tstg -55-+150 °C 

ELECTRICAL CHARACTERISTICS (T A = 25°C) 

Characteristic Symbol Condition 

Collector-Emitter V(BR)CEO IC =-10 rnA, IB= 0 
Breakdown Voltage 

Collector-Base V(BR)CBO IC=-101lA,IE=0 
Breakdown Voltage 

Emitter-Base V(BR)EBO IE = -10 1lA, IC = 0 
Breakdown Voltage 

Collector-Base Cutoff Current ICBO VCB =-20 V, IE=O 

DC Current Gain hFE1* VCE=-10V,lc=-150mA 
MSB710-QTl 
MSB710-RTl 

hFE2* VCE = -10 V, IC = 500 mA 

Collector-Emitter Saturation Voltage VCE(sat) IC = -300 rnA, IB = -30 rnA 

Collector-Base Saturation Voltage VBE(sat) IC = -300 rnA, IB = -30 rnA 

Output Capacitance Cob VCB=-10V,IE=0, 
f= 1.0 MHz 

·Pulse Test: Pulse Width s 300 ~, D.C. S 2%. 

DEVICE MARKING 

Marking Symbol 

MSB71o-QT1 MSB710-RTl 

MSB710-QTl 
MSB710-RTI * 

CASE 3180-03, STYLE 1 

COLLECTOR 
3 

BASE EMITTER 

SC-59 PACKAGE 
PNP GENERAL PURPOSE 

AMPLIFIER TRANSISTORS 
SURFACE MOUNT 

* This is a Motorola 
designated preferred device. 

Min Max 

-25 -

-30 -

-7 -

- -0.1 

85 170 
120 240 

40 -
- -0.6 

- -1.5 

- 15 

Unit 

Vdc 

Vdc 

Vdc 

j.lA 

-
-

-
Vdc 

Vdc 

pF 

The "X" represents a smaller alpha digit Date Code. The Date Code indicates the actual month in 
which the part was manufactured. 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

PNP Silicon General Purpose 
Amplifier Transistor 

This PNP Silicon Epitaxial Planar Transistor is designed for general purpose 
amplifier applications. This device is housed in the SC-70/S0T-323 package 
which is deSigned for low power surface mount applications. 

• High hFE, 210-460 

• Low VCE(sat), < 0.5 V 

• Available in 8 mm, 7-inch/3000 Unit Tape and Reel 

MAXIMUM RATINGS (TA = 25°C) 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Collector Current - Peak 

DEVICE MARKING 

I MSB1218A-RTl = BR 
MSB1218A-STl = BS 

THERMAL CHARACTERISTICS 

Rating 

Power Dissipation 

Junction Temperature 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Collector-Emitter Breakdown Voltage 

Collector-Base Breakdown Voltage 

Emitter-Base Breakdown Voltage 

Collector-Base Cutoff Current 

Collector-Emitter Cutoff Current 

DC Current Gain 

Collector-Emitter Saturation Voltage 

Symbol 

V(BR)CBO 

V(BR)CEO 

V(BR)EBO 

IC 

IC(p) 

Symbol 

PD(1) 

TJ 

Tstg 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

ICEO 

hFE1(2) 

VCE(sat)(2) 

Value Unit 

45 Vdc 

45 Vdc 

7.0 Vdc 

100 mAdc 

200 mAdc 

Max Unit 

150 mW 

150 °C 

-55-+150 °C 

Condition 

IC = 2.0 mA, IB = 0 

IC=10J.lA,IE=0 

IE=10J.LA,IE=0 

VCB=20V,IE=0 

VCE=10V,IB=0 

VCE = 10V, IC = 2.0 mA 
MSB1218A-RTl 
MSB1218A-STl 

IC = 100 mA, 16 = 10 mA 

MSB1218A·RT1 
MSB1218A·ST1 

Min 

45 

45 

7.0 

-

-

Motorola Preferred DevIces 

PNPGENERAL 
PURPOSE AMPLIFIER 

TRANSISTORS 
SURFACE MOUNT 

CASE 419-02, STYLE 3 
SC-701S0T-323 

COLLECTOR 

~ 
1 2 

BASE EMITIER 

Max Unit 

- Vdc 

- Vdc 

- Vdc 

0.1 J.LA 

100 J.LA 

210 340 -
290 460 -
- 0.5 Vdc 

.. 
(1) DeVice mounted on a FR-4 glass epoxy pnnted CirCUit board uSing the minimum recommended footprint. 
(2) Pulse Test: Pulse Width :s; 300 J.lS, D.C. :s; 2%. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 1 
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MAXIMUM RATINGS (TA = 25'C) 

Rating Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Vonage VCEO 

Emitter-Base Vonage VEBO 

Collector Current-COntinuous IC 

THERMAL CHARACTERISTICS 

Rating Symbol 

Power Dissipation Po 

Junction Temperature TJ 

Storage Temperature Range Tstg 

Value 

40 

20 

5 

200 

Max 

200 

150 

-55-+ 150 

Unit 

V 

V 

V 

mA 

Unit 

mW 

'c 

'C 

MSC1621Tl* 
CASE 3180-03, STYLE 1 

BASE 
1 

EMITTER 

SC-59 PACKAGE 
NPN SWITCHING 

TRANSISTOR 
SURFACE MOUNT 

* This is a Motorola 
designated preferred device. 

ELECTRICAL CHARACTERISTICS (T A = 25'C) 

Characteristic Symbol Condition Min Max Unit 

Collector Cutoff Current ICBO VCB = 30V,IE = 0 - 0.1 I1A 
Emiller Base Cutoff Current lEBO VEB=4.0V,IC=0 - 0.1 I1A 
DC Current Gain hFE* VCE = 0.5 V, IC = 1 mA 40 180 -
Collector-Emiller Saturation Voltage VCE(sat) IC= 10mA,IB= 1.0 mA - 0.25 V 

Base-Emitter Saturation Voltage VBE(sat) IC= 10mA,IB= 1.0 mA - 0.85 V 

Current-Gain - Bandwidth Product ". VCE = 10 V, IE =.-10 mA 200 - MHz 

Output Capacitance Cob VCB = 10V, IE = 0, - 6.0 pF 
f=I.0MHz 

Tum On Time Ion - 20 ns 

Storage Temperature Range Tstg Ic=10mAin - 20 ns 
Equivalent 
Test Circuit 

Tum Off Time Ioff - 40 ns 

*Pulse Test: Pulse WIdth::s; 300 J.lS. D.C. s: 2%. 

ton. toff EQUIVALENT TEST CIRCUIT T stg EQUIVALENT TEST CIRCUIT 

Yin 

SOO 

Vln~O% 
vmnIg=OO% 

Ion 
Vee=-3V 
Vln=+ISV 

Marking Symbol 

2200 O.II'F 
....-w.. .... --1I--QVOUI 

Z;n=500 
SOO 

_ VCC=3V 

Vin~O% 
Vou~OO% 

Ioff 
Vee=+ 12V 
Vin=-ISV 

"A" o F 8900 .1 I' I k1l 

Vin O.II'F 5000"pi 

" ~ 900 

SOO SOOO 

;'" V ~cr VCC=IOV 

r 

O~ 
Vin 

-10V 
10% 

Yo: 10% 

lSIg 

DEVICE MARKING 

The "X· represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 
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MAXIMUM RATINGS (TA = 25"C) 

Raltng Symbol 

Collector-Base Voltage V(BR)CBO 

Collector-Emitter Voltage V(BR)CEO 

Emitter-Base Voltage V(BR)EBO 

Collector Current-Continuous IC 

THERMAL CHARACTERISTICS 

Rating Symbol 

Power Dissipation PD 

Junction Temperature TJ 

Value Unit 

30 Vdc 

20 Vdc 

5 Vdc 

30 mAdc 

Max Unit 

200 mW 

150 °C 

MSC2295·BTl * 
MSC2295·CTl * 
CASE 3180-03, STYLE 1 

2 

COLLECTOR 
3 

BASE EMITTER 

SC-59 PACKAGE 
NPN RF AMPLIFIER 

TRANSISTORS 
SURFACE MOUNT 

Storage Temperature Tstg -55- + 150 °C 

ELECTRICAL CHARACTERISTICS (T A = 25°C) 

Characteristic Symbol Condition 

Collector-Base Cutoff Current ICBO VCB=10V,IE=0 

DC Current Gain hFE* VCB = 10V, IE =-1 mA 
MSC2295-BT1 
MSC2295-CT1 

Collector-Gain - Bandwidth Product IT VCB= 10V.IE=-1 mA 

Reverse Transistor Capacitance Cre VCE=10V,IC=1 mA, 
f=10.7MHz 

·Pulse Test: Pulse Width s 300 ps, D.C. S 2%. 

DEVICE MARKING 

Marking Symbol 

MSC2295-BT1 MSC2295-CT1 

* These are Motorola 
designated preferred devicas. 

Min Max Unit 

- 0.1 IJA 

70 140 -
110 220 -

150 - MHz 

- 1.5 pF 

The ·X· represents a smaller alpha digit Date Code. The Date Code indicates the actual month in 
which the part was manufactured. 
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MAXIMUM RATINGS (T A = 25°C) 

Rating Symbol Value Unit 

Collector-Base Voltage V(BR)CBO 30 Vdc 

Collector-Emitter Voltage V(BR)CEO 20 Vdc 

Emitter-Base Voltage V(BR)EBO 3 Vdc 

Collector Current-Continuous IC 15 mAdc 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation PD 150 mW 

Junction Temperature TJ 150 °C 

Storage Temperature Range Tstg -55-+150 °C 

ELECTRICAL CHARACTERISTICS (T A = 25°C) 

Characteristic Symbol Condition 

Collector-Base Breakdown Voltage V(BR)CBO IC=10!'A,IE=0 

Collector Emitter Breakdown Voltage V(BR)EBO IE = 10 !'A,IC = 0 

DC Current Gain hFE* VCB=6V,IE=-1 mA 

Current-Gain - Bandwidth Product iT VCB=6V,IE=-1 mA 

Reverse Transfer Capacitance Cre VCE = 6 V, IC = 1 mA, 
f = 10.7 MHz 

"Pulse Test Pulse Width s; 300 ~, D.C. s 2%. 

DEVICE MARKING 

Marking Symbol 

The "X" represents a smaller alpha digit Date Code. The Date Code indicates 
the actual month in which the part was manufactured. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MSC2404·CTl * 
CASE 318D-03, STYLE 1 

COLLECTOR 

2 1 
BASE EMITIER 

Min 

30 

3 

65 

450 

-

SC-59 PACKAGE 
NPN RF AMPLIFIER 

TRANSISTOR 
SURFACE MOUNT 

* This is a Motorola 
designated preferred device. 

Max 

-

-

160 

-

1 

Unit 

Vdc 

Vdc 

-
MHz 

pF 

2-421 



MAXIMUM RATINGS (T A = 25°C) 

Rating Symbol Value Unit 

Collector-Base Voltage VCBO 15 V 

Collector-Emitter Voltage VCEO 10 V 

Emitter-Base Voltage VEBO 3 V 

Collector Current-Continuous IC 50 rnA 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation PD 200 mW 

Junction Temperature TJ 150 °c 

Storage Temperature Range Tstg -55 - + 150 °c 

ELECTRICAL CHARACTERISTICS (T A = 25°C) 

Characteriatlc Symbol Condition 

Collector Cutoff Current ICBO VCB = 10 V, IE = 0 

Collector-Emitter Breakdown Voltage VCEO Ic=2mA,IB=0 

Emitter-Base Breakdown Voltage VEBO IE = 10 !lA, IC = 0 

DC Current Gain hFE* VCE = 4 V,IC = 5 rnA 

Collector-Emitter Saturation Voltage VCE(sat) IC=20mA,IB=4mA 

Current-Gain - Bandwidth Product IT VCB= 4 V,IE =-5 rnA 

-Pulse Test: Pulse Width s 300 JUI, D.C. s 2%. 

DEVICE MARKING 

Marking Symbol 

The ")(" represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 

MSC3130Tl* 

CASE 3180-03, STYLE 1 

COLLECTOR 
3 

2 1 
BASE EMITTER 

SC-59 PACKAGE 
NPN RF AMPLIFIER 

TRANSISTOR 
SURFACE MOUNT 

*Thls Is a Motorola 
designated preferred device. 

Min Max 

- 1 

10 -
3 -
75 400 

- 0.5 

1.4 2.5 

Unit 

!lA 
V 

V 

-

V 

GHz 
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MAXIMUM RATINGS (T A = 25'C) 

Rating Symbol Value Unit 

Collector-Base Voltage V(BR)CBO 30 Vdc 

Collector-Emitter Voltage V(BR)CEO 25 Vdc 

Emitter-Base Voltage V(BR)EBO 7 Vdc 

Collector Current-Continuous IC 100 mAdc 

Collector Current-Peak IC(p) 200 mAdc 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation PD 200 mW 

Junction Temperature TJ 150 'c 
Storage Temperature Tstg -55-+150 'c 

ELECTRICAL CHARACTERISTICS (T A = 25'C) 

Characteristic Symbol Condition 

Collector-Emitter 
Breakdown Voltage 

V(BR)CEO IC =2.0 rnA, IB = 0 

Collector-Base 
Breakdown Voltage 

V(BR)CBO IC=10!lA,IE=0 

Emitter-Base V(BR)EBO IE=10!lA,IC=0 
Breakdown Voltage 

Collector-Base Cutoff Current ICBO VCB = 20 V, IE = 0 

Collector-Emitter ICEO VCE=10V,IB=0 
Cutoff Current 

DC Current Gain hFE1' VCE = 10 V, IC = 2.0 rnA 
MSD601-RTI 
MSD601-STI 

hFE2' VCE = 2.0 V, IC = 100 rnA 

Collector-Emitter Saturation Voltage VCECsatl IC=100mA,IB=10mA 

*Pulse Test: Pulse WIdth s: 300 IJ$, D.C. s 2%. 

DEVICE MARKING 

Marking Symbol 

MSD601-RTI MSD601-STt 

The 'X" represents a smaller alpha digit Date Code. The Date Code indicates the actual 
month in which the part was manufactured. 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

MSD601·RTl * 
MSD601·STl 

CASE 3180-03, STYLE 1 

COLLECTOR 

2 1 
BASE EMITTER 

SC-S9 PACKAGE 
NPN GENERAL PURPOSE 
AMPLIFIER TRANSISTORS 

SURFACE MOUNT 

Min 

25 

30 

7 

-

-

210 
290 

90 

-

*This is a Motorola 
designated preferred device_ 

Max 

-

-

-

0.1 

100 

340 
460 

-
0.5 

Unit 

Vdc 

Vdc 

Vdc 

!lA 

!lA 

-
-
-

Vdc 

2-423 



MAXIMUM RATINGS (T A = 25°C) 

Rating Symbol Value Unit 

Collector-Base Voltage V(BR)CBO 30 Vdc 

Collector-Emitter Voltage V(BR)CEO 25 Vdc 

Emitter-Base Voltage VE(BR)BO 7 Vdc 

Collector Current-Continuous IC 500 mAdc 

Collector Current-Peak IC(p) 1 Adc 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation PD 200 mW 

Junction Temperature TJ 150 °C 

Storage Temperature Range Tstg -55-+150 °C 

ELECTRICAL CHARACTERISTICS (T A = 25°C) 

Characteristic Symbol Condition 

Collector-Emitter Breakdown Voltage V(BR)CEO IC=10mA,IB=0 

Collector-Base Breakdown Voltage V(BR)CBO IC = 10 1lA, IE = 0 

Emitter-Base Breakdown Voltage V(BR)EBO IE = 10 1lA, IC = 0 

Collector-Base Cutoff Current ICBO VCB=20V,IE=0 

DC Current Gain hFE1' VCE = 10 V,IC = 150 rnA 

hFE2' VCE = 10 V, IC =500 rnA 

Collector-Emitter Saturation Voltage VCE(sat) IC = 300 mA,lB = 30 rnA 

Output Capacitance Cob VCB = 10 V,IE = 0, 
1=1 MHz 

"Pulse Test: Pulse Width :s; 300 1lS. D.C. S 2%. 

DEVICE MARKING 

Marking Symbol 

The "X" represents a smaller alpha digit Date Code. The Date Code indicate 
the actual month in which the part was manufactured. 

MSD602·RTI * 
CASE 3180-03, STYLE 1 

COLLECTOR 

2 1 
BASE EMITIER 

SC-59 PACKAGE 
NPN GENERAL PURPOSE 
AMPLIFIER TRANSISTOR 

SURFACE MOUNT 

*This Is a Motorola 
designated preferred device. 

Min Max 

25 -

30 -
7 -
- 0.1 

120 240 

40 -

- 0.6 

- 15 

Unit 

Vdc 

Vdc 

Vdc 

IlA 
-

-
Vdc 

pF 
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MAXIMUM RATINGS (T A = 25°C) 

Rating Symbol Value Unit 

Collector-Base Voltage V(BR)CBO 25 Vdc 

Collector-Emitter Voltage V(BR)CEO 20 Vdc 

Emitter-Base Voltage VE(BR)BO 12 Vdc 

Collector Current-Continuous IC 500 mAdc 

Collector Current-Peak IC(p) 1000 mAdc 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation PD 200 mW 

Junction Temperature TJ t50 °C 

Storage Temperature Range Tstg -55 - + 150 °C 

ELECTRICAL CHARACTERISTICS (T A = 25°C) 

Characteristic Symbol Condition 

Collector-Emitter Breakdown Voltage V(BR)CEO IC= 1.0 mA, IB=O 

Collector-Base Breakdown Voltage V(BR)CBO IC = 10 !lA, IE = 0 

Emitter-Base Breakdown Voltage V(BR)EBO IE = 10 !lA, IE = 0 

Collector-Base Cutoff Current ICBO VCB=25 V, IE=O 

DC Current Gain hFE' VCE = 2 V, IC = 500 mA 

Collector-Emitter Saturation Voltage VCE(sat) IC = 500 mA, IB = 20 mA 

Base-Emitter Saturation Voltage VBE(sat) IC = 500 mA, IB = 50 mA 

"Pulse Test: Pulse Width s 300 ~, D.C. s 2%. 

DEVICE MARKING 

Marking Symbol 

The "X" represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MSD1328·RTl * 
CASE 3180-03, STYLE 1 

2 1 
BASE EMITTER 

SC-59 PACKAGE 
NPN LOW VOLTAGE 
OUTPUT AMPLIFIER 
SURFACE MOUNT 

*This is a Motorola 
designated preferred device. 

Min Max 

20 -
25 -

12 -

- 0.1 

200 350 

- 0.4 

- 1.2 

Unit 

Vdc 

Vdc 

Vdc 

!lA 
-

Vdc 

Vdc 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

NPN Silicon General Purpose 
Amplifier Transistor 

This NPN Silicon Epitaxial Planar Transistor is designed for general purpose 
amplifier applications. This device is housed in the SC-70/S0T-323 package 
which is designed for low power surface mount applications. 

• High hFE, 210-460 

• Low VCE(sat), < 0.5 V 

• Available in 8 mm, 7-inch/3000 Unit Tape and Reel 

MAXIMUM RATINGS (TA = 25"C) 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Collector Current - Peak 

DEVICE MARKING 

I MSDI819A-RTI = ZR 
· MSDI819A-STI = ZS 

THERMAL CHARACTERISTICS 

Rating 

Power Dissipation 

Junction Temperature 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Collector-Emitter Breakdown Voltage 

Collector-Base Breakdown Voltage 

Emitter-Base Breakdown Voltage 

Collector-Base Cutoff Current 

Collector-Emitter Cutoff Current 

DC Current Gain 

Collector-Emitter Saturation Voltage 

Symbol' 

V(BR)CBO 

V(BR)CEO 

V(BR)EBO 

IC 

lC(p) 

Symbol 

PD(I) 

TJ 

Tstg 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

ICEO 

hFE1(2) 

hFE2(2) 

VCE(sat)(2) 

Value Unit 

60 Vdc 

50 Vdc 

7.0 Vdc 

100 mAdc 

200 mAdc 

Max Unit. 

150 mW 

150 "C 

-55-+150 "C 

Condition 

IC =2.0 mA, IB = 0 

IC=101lA,IE=0 

IE = 10 1lA, IE = 0 

VCB =20V, IE = 0 

VCE = 10V, IB= 0 

VCE= 10V, Ic=2.0mA 
MSDI819A-RTI 
MSDI819A-STI 

VCE = 2.0 V, IC = 100 mA 

IC = 100 rnA, IB = 10 rnA 

MSD1819A·RT1 
MSD1819A·ST1 

Motorola PrefelTed DevIces 

NPN GENERAL 
PURPOSE AMPLIFIER 

TRANSISTORS 
SURFACE MOUNT 

Min 

50 

60 

7.0 

-
-

210 
290 

90 

-

CASE 419-02, STYLE 3 
SC-701S0T-323 

COLLECTOR 

~ 
t 2 

BASE EMITTER 

Max Unit 

- Vdc 

- Vdc 

- Vdc 

0.1 IlA 
100 IlA 

340 -
460 -

- -

0.5 Vdc 
.. 

(1) Device mounted on a FR-4 glass epoxy pnnted CircUit board uSing the minimum recommended footpnnt. 
(2) Pulse Test: Pulse Width" 300 1'8, D.C. ,,2%. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 1 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Bias Resistor Transistor 
PNP Silicon Surface Mount Transistor with 
Monolithic Bias Resistor Network 

This new series of digital transistors is designed to replace a single device 
and its external resistor bias network. The BRT (Bias Resistor Transistor) 
contains a single transistor with a monolithic bias network consisting of two 
resistors; a series base resistor and a base-emitter resistor. The BRT eliminates 
these individual components by integrating them into a single device. The use 
of a BAT can reduce both system cost and board space. The device is housed 
in the SC-59 package which is designed for low power surface mount 
applications. 

• Simplifies Circuit Design 

• Reduces Board Space 

• Reduces Component Count 

• The SC-59 package can be soldered using wave or reflow. 
The modified gull-winged leads absorb thermal stress during 
soldering eliminating the possibility of damage to the die. 

• Available in 8 mm embossed tape and reel 
Use the Device Number to order the 7 inchl3000 unit reel. 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

PINt 
EMmeR 
IGROUND) 

Rating Symbol 

Collector-Base Voltage VC80 

Collector-Emitter Voltage VCEO 

Collector Current IC 

Total Power Dissipation @ TA = 25°C(1) Po 
Derate above 25°C 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-to-Ambient (surface mounted) R6JA 

Operating and Storage Temperature Range TJ, Tsta 

Maximum Temperature for Soldering Purposes, TL 
TIme in Solder Bath 

DEVICE MARKING AND RESISTOR VALUES 

Device Marking R1 (K) 

MUN2111T1 6A 10 
MUN2112T1 68 22 
MUN2113T1 6C 47 
MUN2114T1 SO 10 
MUN2115T1(2) 6E 10 
MUN211ST1(2) 6F 4.7 
MUN2130T1(2) SG 1.0 
MUN2131Tl(2) 6H 2.2 
MUN2132Tl (2) SJ 4.7 
MUN2133T1 (2) 6K 4.7 
MUN2134T1 (2) 6L 22 

MUN2111T1 
SERIES 

PNPSILICON 
BIAS RESISTOR 

TRANSISTOR 

CASE 3181).03, STYLE 1 
(SC-59) 

Value Unit 

50 Vdc 

50 Vdc 

100 mAdc 

200 mW 
1.S mWI"C 

625 °CfW 

-65 to +150 °C 

260 °C 
10 Sec 

R2(K) 

10 
22 
47 
47 
00 

00 

1.0 
2.2 
4.7 
47 
47 

1. DeVice mounted on a FR-4 glass epoxy printed CircUit board uSing the minimum recommended footpnnt. 
2. New devices. Updated curves to follow in subsequent data sheets. 

PreIenacI devices are Motorola recommended choices for future use and best overall value. 

Rev 4 
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MUN2111T1 SERIE.S 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Base Cutoff Current (VCB = 50 V, IE = 0) ICBO - - 100 nAdc 

Collector-Emitter Cutoff Current (VCE = 50 V, IB = 0) ICEO - - 500 nAdc 

Emitter-Base Cutoff Current MUN2111Tl lEBO - - 0.5 mAde 
(VEB = 6.0 V, IC = 0) MUN2112Tl - - 0.2 

MUN2113Tl - - 0.1 
MUN2114T1 - - 0.2 
MUN2115T1 - - 0.9 
MUN2116Tl - - 1.9 
MUN2130Tl - - 4.3 
MUN2131T1 - - 2.3 
MUN2132Tl - - 1.5 
MUN2133T1 - - 0.18 
MUN2134T1 - - 0.13 

Collector-Base Breakdown Voltage (IC = 10 ItA, IE = 0) V(BR)CBO 50 - - Vdc 

Collector-Emitter Breakdown Voltage(3) (IC = 2.0 rnA, IB = 0) V(BR)CEO 50 - - Vdc 

ON CHARACTERISTICS(3) 

DC Current Gain MUN2111Tl hFE 35 60 -
(VCE = 10 V, IC = 5.0 rnA) MUN2112Tl 60 100 -

MUN2113Tl 80 140 -
MUN2114Tl 80 140 -
MUN2115Tl 180 250 -
MUN2116Tl 160 250 -
MUN2130TI 3.0 5.0 -
MUN2131T1 8.0 15 -
MUN2132Tl 15 27 -
MUN2133T1 80 140 -
MUN2134T1 80 130 -

Collector-Emitter Saturation Vol1age (IC = lOrnA, IE = 0.3 rnA) VCE(sat) - - 0.25 Vde 
(IC = 10 rnA, IB = 5 rnA) MUN2131T1 
(IC = 10 rnA, IB = 1 rnA) MUN2116Tl/MUN2132Tll 

MUN2134T1 

Output Vol1age (on) VOL Vdc 
(VCC = 5.0 V, VB = 2.5 V, RL = 1.0 kn) MUN2111Tl - - 0.2 

MUN2112Tl - - 0.2 
MUN2114Tl - - 0.2 
MUN2115Tl - - 0.2 
MUN2116T1 - - 0.2 
MUN2130TI - - 0.2 
MUN2131Tl - - 0.2 
MUN2132Tl - - 0.2 
MUN2133T1 - - 0.2 
MUN2134T1 - - 0.2 

(VCC = 5.0 V, VB = 3.5 V, RL = 1.0 kn) MUN2113T1 - - 0.2 

3. Pulse Test: Pulse Width < 300 /!S, Duty Cycle < 2.0% 
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MUN2111T1 SERIES 

ELECTRICAL CHARACTERISTICS (Continued) (T A = 25°e unless otherwise noted) 

Characteristic Symbol Min 1YP Max Unit 

Output Voltage (off) (Vee = 5.0 V, VB = 0.5 V, RL = 1.0 Idl) VOH 4.9 - - Vdc 
(Vee = 5.0 V, VB = 0.050 V, RL = 1.0 kG) MUN2130T1 
(Vee = 5.0 V, VB = 0.25 V, RL = 1.0 Idl) MUN2115T1 

MUN2116T1 
MUN2131T1 
MUN2132T1 

Input Resistor MUN2111T1 R1 7.0 10 13 kG 
MUN2112T1 15.4 22 28.6 
MUN2113T1 32.9 47 61.1 
MUN2114T1 7.0 10 13 
MUN2115T1 7.0 10 13 
MUN2116T1 3.3 4.7 6.1 
MUN2130T1 0.7 1.0 1.3 
MUN2131T1 1.5 2.2 2.9 
MUN2132T1 3.3 4.7 6.1 
MUN2133T1 3.3 4.7 6.1 
MUN2134T1 15.4 22 28.6 

Resistor Ratio MUN2111T1IMUN R1/R2 0.8 1.0 1.2 
2112T1IMUN2113T1 0.17 0.21 0.25 

MUN2114T1 - - -
MUN2115T1/MU 0.8 1.0 1.2 

N2116T1 0.055 0.1 0.185 
MUN2130T1/MU 0.38 0.47 0.56 

N2131T11MUN2132T1 
MUN2133T1 
MUN2134T1 

250 

~ 
~ 200 
3 
~ "' " is 150 

~ "' ~ 100 
a: 
w 

"-
"' ;;: 

0 
0- 50 

ROJ =625° rw "' ~ r-.... 

"' o 50 100 150 

TA, AMBIENT TEMPERATURE (0C) 

Figure 1. Derating Curve 
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MUN2111T1 SERIES 

TYPICAL ELECTRICAL CHARACTERISTICS - MUN2111T1 
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MUN2111T1 SERIES 

TYPICAL ELECTRICAL CHARACTERISTICS - MUN2112T1 
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MUN2111T1 SERIES 
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MUN2111T1 SERIES 

TYPICAL ELECTRICAL CHARACTERISTICS - MUN2114T1 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Bias Resistor Transistor 
NPN Silicon Surface Mount Transistor with 
Monolithic Bias Resistor Network 

This new series of digital transistors is designed to replace a single device 
and its external resistor bias network. The BRT (Bias Resistor Transistor) 
contains a single transistor with a monolithic bias network consisting of two 
resistors; a series base resistor and a base-emitter resistor. The BRT eliminates 
these individual components by integrating them into a single device. The use 
of a BRT can reduce both system cost and board space. The device is housed 
in the SC-59 package which is designed for low power surface mount 
applications. 

• Simplifies Circuit DeSign 

• Reduces Board Space 

• Reduces Component Count 

• The SC-59 package can be soldered using wave or reflow. 
The modified gull-winged leads absorb thermal stress during 
soldering eliminating the possibility of damage to the die. 

• Available in 8 mm embossed tape and reel 
Use the Device Number to order the 7 inch/3000 unit reel. 

MAXIMUM RATINGS (T A = 2S'C unless otherwise noted) 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector Current 

Total Power Dissipation @ TA = 2S,c(1) 
Derate above 25'C 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-to-Ambient (surface mounted) 

Operating and Storage Temperature Range 

Maximum Temperature for Soldering Purposes, 
Time in Solder Bath 

DEVICE MARKING AND RESISTOR VALUES 

Device Marking 

MUN2211T1 8A 
MUN2212T1 8B 
MUN2213T1 8C 
MUN2214T1 80 
MUN221ST1(2) 8E 
MUN2216T1 (2) 8F 
MUN2230T1(2) 8G 
MUN2231T1 (2) 8H 
MUN2232T1(2) 8J 
MUN2233T1(2) 8K 
MUN2234T1(2) 8L 

PIN1 
EMITTER 
(GROUND) 

Symbol 

VCBO 

VCEO 

IC 

Po 

RaJA 

TJ, Tstll 

TL 

R1 (K) 

10 
22 
47 
10 
10 
4.7 
1.0 
2.2 
4.7 
4.7 
22 

MUN2211T1 
SERIES 
Motorola P_AId Devlcea 

NPNSILICON 
BIAS RESISTOR 

TRANSISTOR 

CASE 318D-03, STYLE 1 
(SC-59) 

Value Unit 

SO Vdc 

SO Vdc 

100 mAdc 

200 mW 
1.6 mWI'C 

625 'CIW 

-6Sto +1S0 'c 
260 'C 
10 Sec 

R2(K) 

10 
22 
47 
47 
~ 

~ 

1.0 
2.2 
4.7 
47 
47 

.. 1. DeVice mounted on a FR-4 glass epoxy pnnted CircUit board uSing the minimum recommended footpnnt. 
2. New devices. Updated curves to follow in subsequent data sheets. 
Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 4 
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MUN2211T1 SERIES 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Ccllector-Base Cutoff Current (VCB = 50 V, IE = 0) ICBO - - 100 nAdc 

Collector-Emitter Cutoff Current (VCE = 50 V, IB = 0) ICEO - - 500 nAdc 

Emitter-Base Cutoff Current MUN2211Tl lEBO - - 0.5 mAdc 
(VEB = 6.0 V, IC = 0) MUN2212Tl - - 0.2 

MUN2213T1 - - 0.1 
MUN2214Tl - - 0.2 
MUN2215T1 - - 0.9 
MUN2216Tl - - 1.9 
MUN2230Tl - - 4.3 
MUN2231Tl - - 2.3 
MUN2232Tl - - 1.5 
MUN2233Tl - - 0.18 
MUN2234Tl - - 0.13 

Collector-Base Breakdown Voltage (Ie = 10~, IE = 0) V(BR)CBO 50 - - Vdc 

Collector-Emitter Breakdown Voltage(3) (lc = 2.0 rnA, IB = 0) V(BR)CEO 50 - - Vdc 

ON CHARACTERISTICS(3) 

DC Current Gain MUN2211Tl hFE 35 60 -
(VCE = 10 V,IC = 5.0 rnA) MUN2212T1 60 100 -

MUN2213T1 80 140 -
MUN2214T1 80 140 -
MUN2215Tl 160 350 -
MUN2216Tl 160 350 -
MUN2230Tl 3.0 5.0 -
MUN2231Tl 8.0 15 -
MUN2232Tl 15 30 -
MUN2233Tl 80 200 -
MUN2234Tl 80 150 -

Ccllector-Emitter Saturation Voltage (IC = 10 rnA, IB = 0.3 rnA) 
(lc = 10 rnA, IB = 5 rnA) MUN2230T1IMUN2231T1 

VCE(sat) - - 0.25 Vdc 

(IC = 10 rnA, IB = 1 rnA) MUN2215Tl/MUN2216Tli 
MUN2232T1IMUN2233Tl/MUN2234T1 

Output Voltage (on) VOL Vdc 
(VCC = 5.0 V, VB = 2.5 V, RL = 1.0 kn) MUN2211Tl - - 0.2 

MUN2212T1 - - 0.2 
MUN2214T1 - - 0.2 
MUN2215T1 - - 0.2 Vdc 
MUN2216T1 - - 0.2 
MUN2230Tl - - 0.2 
MUN2231Tl - - 0.2 
MUN2232Tl - - 0.2 
MUN2233Tl - - 0.2 
MUN2234Tl - - 0.2 

(VCC = 5.0 V, VB = 3.5 V, RL = 1.0 kn) MUN2213T1 - - 0.2 

3. Pulse Test: Pulse Width < 300 I's, Duty Cycle < 2.0% 
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MUN2211T1 SERIES 

ELECTRICAL CHARACTERISTICS (Continued)(TA = 25°e unless otherwise noted) 

Characteristic Symbol Min "iYP Max Unit 

Output Voltage (off) (Vee = 5.0 V, VB = 0.5 V, RL = 1.0 kn) VOH 4.9 - - Vdc 
(Vee = 5.0 V, VB = 0.050 V, RL = 1.0 kn) MUN2230Tt 
(Vee = 5.0 V, VB = 0.25 V, RL = 1.0 kn) MUN2215Tl 

MUN2216Tt 
MUN2233Tt 

Input Resistor MUN2211Tt Rl 7.0 10 13 kO 
MUN2212Tl 15.4 22 28.6 
MUN2213Tl 32.9 47 61.1 
MUN2214Tl 7.0 10 13 
MUN2215Tl 7.0 10 13 
MUN2216Tl 3.3 4.7 6.1 
MUN2230Tl 0.7 1.0 1.3 
MUN2231Tl 1.5 2.2 2.9 
MUN2232Tl 3.3 4.7 6.1 
MUN2233Tt 3.3 4.7 6.1 
MUN2234Tt 15.4 22 28.6 

Resistor Ratio MUN2211T11MUN2212Tt/MUN2213Tt Rl/R2 0.8 1.0 1.2 
MUN2214Tl 0.17 0.21 0.25 
MUN2215T1IMUN2216Tl - - -
MUN2230Tl/MUN2231Tl/MUN2232Tl 0.8 1.0 1.2 
MUN2233Tt 0.055 0.1 0.185 
MUN2234Tt 0.38 0.47 0.56 
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MUN2211T1 SERIES 

TYPICAL ELECTRICAL CHARACTERISTICS - MUN2212T1 
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MUN2211T1 SERIES 

TYPICAL ELECTRICAL CHARACTERISTICS - MUN2214T1 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Bias Resistor Transistor 
PNP Silicon Surface Mount Transistor with 
Monolithic Bias Resistor Network 

This new series of digital transistors is designed to replace a single device 
and its external resistor bias network. The BRT (Bias Resistor Transistor) 
contains a single transistor with a monolithic bias network consisting of two 
resistors; a series base resistor and a base-emitter resistor. The BRT eliminates 
these individual components by integrating them into a single device. The use 
of a BAT can reduce both system cost and board space. The device is housed 
in the SC-70/S0T-323 package which is designed for low power surface mount 
applications. 

• Simplifies Circuit Design 

• Reduces Board Space 

• Reduces Component Count 

• The SC-70/S0T-323 package can be soldered using wave or 
reflow. The modified gull-winged leads absorb thermal stress 
during soldering eliminating the possibility of damage to the die. 

• Available in 8 mm embossed tape and reel 
Use the Device Number to order the 7 inch/3000 unit reel. 
Replace "Tt" with "f3" in the Device Number to order 
the 13 inchl1 0,000 unit reel. 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

PIN3 
COLLECTOR 
(OUTPUn 

PIN2 
EMITTER 
(GROUND) 

Rating Symbol 

Collector-Base Voltage VCBO 

Collector· Emitter Voltage VCEO 

Collector Current IC 

Total Power Dissipation @ TA = 25oc(1) Po 
Derate above 25°C 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-to-Ambient (surface mounted) RaJA 

Operating and Storage Temperature Range TJ, Tste 

Maximum Temperature for Soldering Purposes, TL 
Time in Solder Bath 

DEVICE MARKING AND RESISTOR VALUES 

Device Marking Rl (K) 

MUN5111Tl 6A 10 
MUN5112T1 6B 22 
MUN5113Tl 6C 47 
MUN5114Tl 60 10 
MUN5115T1(2) 6E 10 
MUN5116T1(2) 6F 4.7 
MUN5130T1(2) 6G 1.0 
MUN5131Tl (2) 6H 2.2 
MUN5132Tl(2) 6J 4.7 
MUN5133T1(2) 6K 4.7 
MUN5134T1(2) 6L 22 

MUN5111T1 
SERIES 
Motorola Preferred Devices 

PNPSILICON 
BIAS RESISTOR 

TRANSISTOR 

CASE 419-02, STYLE 3 
SC-70/S0T -323 

Value Unit 

50 Vdc 

50 Vdc 

50 mAdc 

150 mW 
1.2 mWrC 

833 °CIW 

-65 to +150 °C 

260 °C 
10 Sec 

R2(K) 

10 
22 
47 
47 
~ 

~ 

1.0 
2.2 
4.7 
47 
47 

1. Device mounted on a FR-4 glass epoxy printed circuit beard using the minimum recommended footprint. 
2. New devices. Updated curves to follow in subsequent data sheets. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 1 

2-444 Motorola Small-5ignal Transistors, FETs and Diodes Device Data 



MUN5111T1 SERIES 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Base Cutoff Current (VCB = 50 V, IE = 0) ICBO - - 100 nAde 

Collector-Emitter Cutoff Current (VCE = 50 V, IB = 0) ICEO - - 500 nAde 

Emitter-Base Cutoff Current MUN5111Tl lEBO - - 0.5 mAde 
(VEB = 6.0 V, IC = 0) MUN5112Tl - - 0.2 

MUN5113Tl - - 0.1 
MUN5114Tl - - 0.2 
MUN5115T1 - - 0.9 
MUN5116Tl - - 1.9 
MUN5130T1 - - 4.3 
MUN5131Tl - - 2.3 
MUN5132T1 - - 1.5 
MUN5133Tl - - 0.18 
MUN5134Tl - - 0.13 

Collector-Base Breakdown Voltage (lc = 10 IlA, IE = 0) V(BR)CBO 50 - - Vde 

Collector-Emitter Breakdown Voltage(3) (lc = 2.0 rnA, IB = 0) V(BR)CEO 50 - - Vde 

ON CHARACTERISTICS(3) 

DC Current Gain MUN5111Tl hFE 35 60 -
(VCE = 10 V, IC = 5.0 rnA) MUN5112T1 60 100 -

MUN5113T1 80 140 -
MUN5114Tl 80 140 -
MUN5115Tl 160 250 -
MUN5116Tl 160 250 -
MUN5130Tl 3.0 5.0 -
MUN5131Tl 8.0 15 -
MUN5132Tl 15 27 -
MUN5133Tl 80 140 -
MUN5134Tl 80 130 -

Collector-Emitter Saturation Voltage (IC = 10 rnA, IE = 0.3 rnA) 
(lc = 10 rnA, IB = 5 rnA) MUN5130Tl/MUN5131Tl 

VCE(sat) - - 0.25 Vde 

(lc = 10 rnA, IB = 1 rnA) MUN5115T1/MUN5116Tll 
MUN5132T11MUN5133TI/MUN5134T1 

Output Voltage (on) VOL Vde 
(VCC = 5.0 V, VB = 2.5 V, RL = 1.0 k.Q) MUN5111Tl - - 0.2 

MUN5112Tl - - 0.2 
MUN5114Tl - - 0.2 
MUN5115Tl - - 0.2 
MUN5116Tl - - 0.2 
MUN5130Tl - - 0.2 
MUN5131Tl - - 0.2 
MUN5132T1 - - 0.2 
MUN5133Tl - - 0.2 
MUN5134T1 - - 0.2 

(VCC = 5.0 V, VB = 3.5 V, RL = 1.0 k.Q) MUN5113Tl - - 0.2 

3. Pulse Test: Pulse Width < 300 1lS, Duty Cycle < 2.0% 
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MUN5111T1 SERIES 

ELECTRICAL CHARACTERISTICS (Continued)(T A = 25°e unless otherwise noted) 

Characteristic Symbol Min lYP Max Unit 

Output Voltage (off) (Vee = 5.0 V, VB = 0.5 V, RL = 1.0 kn) VOH 4.9 - - Vdc 
(Vee = 5.0 V, VB = 0.050 V, RL = 1.0 kn) MUN5130Tl 
(Vee = 5.0 V, VB = 0.25 V, RL = 1.0 kn) MUN5115Tl 

MUN5116T1 
MUN5131T1 
MUN5132T1 

Input Resistor MUN5111Tl Rl 7.0 10 13 kn 
MUN5112T1 15.4 22 28.6 
MUN5113Tl 32.9 47 61.1 
MUN5114T1 7.0 10 13 
MUN5115T1 7.0 10 13 
MUN5116Tl 3.3 4.7 6.1 
MUN5130Tl 0.7 1.0 1.3 
MUN5131Tl 1.5 2.2 2.9 
MUN5132T1 3.3 4.7 6.1 
MUN5133T1 3.3 4.7 6.1 
MUN5134T1 15.4 22 28.6 

Resistor Ratio MUN5111Tl/MUN5112T1/MUN5113T1 RliR2 0.8 1.0 1.2 
MUN5114T1 0.17 0.21 0.25 
MUN5115T1/MUN5116Tl - - -
MUN5130T1/MUN5131Tl/MUN5132T1 0.8 1.0 1.2 
MUN5133Tl 0.055 0.1 0.185 
MUN5134Tl 0.38 0.47 0.56 
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MUN5111T1 SERIES 

TYPICAL ELECTRICAL CHARACTERISTICS - MUN5111T1 
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MUN5111T1 SERIES 

TYPICAL ELECTRICAL CHARACTERISTICS - MUN5112T1 
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MUN5111T1 SERIES 

TYPICAL ELECTRICAL CHARACTERISTICS - MUN5113T1 
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MUN5111T1 SERIES 

TYPICAL ELECTRICAL CHARACTERISTICS - MUN5114T1 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Bias Resistor Transistor 
NPN Silicon Surface Mount Transistor with 
Monolithic Bias Resistor Network 

This new series of digital transistors is designed to replace a single device 
and its external resistor bias network. The BRT (Bias Resistor Transistor) 
contains a single transistor with a monolithic bias network consisting of two 
resistors; a series base resistor and a base-emitter resistor. The BRT eliminates 
these individual components by integrating them into a single device. The use 
of a BRT can reduce both system cost and board space. The device is housed 
in the SC-70/S0T-323 package which is designed for low power surface mount 
applications. 

• Simplifies Circuit Design 

• Reduces Board Space 

• Reduces Component Count 

• The SC-70/S0T-323 package can be soldered using wave or 
reflow. The modified gull-winged leads absorb thermal stress 
during soldering eliminating the possibility of damage to the die. 

• Available in 8 mm embossed tape and reel 
Use the Device Number to order the 7 inch/3000 unit reel. 
Replace "T1" with ''T3'' in the Device Number to order the 
13 inch/1 0,000 unit reel. 

MAXIMUM RATINGS (TA = 25'C unless otherwise noted) 

PIN2 
EMmER 
(GROUND) 

Rating Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCEO 

Collector Current IC 

Total Power DisSipation @ TA = 25'C(1) Po 
Derate above 25'C 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-to-Ambient (surface mounted) RSJA 

Operating and Storage Temperature Range TJ, Tsta 

Maximum Temperature for Soldering Purposes, TL 
TIme in Solder Bath 

DEVICE MARKING AND RESISTOR VALUES 

Device Marking R1 (K) 

MUN5211T1 8A 10 
MUN5212T1 8B 22 
MUN5213T1 8C 47 
MUN5214T1 80 10 
MUN5215T1 (2) 8E 10 
MUN5216T1(2) 8F 4.7 
MUN5230T1(2) 8G 1.0 
MUN5231T1 (2) 8H 2.2 
MUN5232T1 (2) 8J 4.7 
MUN5233T1(2) 8K 4.7 
MUN5234T1(2) 8L 22 

MUN5211T1 
SERIES 
Motorola Preferred Devices 

NPNSILICON 
BIAS RESISTOR 
TRANSISTORS 

CASE 419-02, STYLE 3 
SC-70/S0T-323 

Value Unit 

50 Vdc 

50 Vdc 

50 mAdc 

150 mW 
1.2 mW/'C 

833 'CIW 

-65 to +150 'C 

260 'c 
10 Sec 

R2(K) 

10 
22 
47 
47 
~ 

~ 

1.0 
2.2 
4.7 
47 
47 

1. Device mounted on a FR-4 glass epoxy printed circuit board using the minimum recommended footprint. 
2. New devices. Updated curves to follow in subsequent data sheets. 

Prefened devices are Motorola recommended choices for future use and best overall value. 

Rev 1 
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MUN5211T1 SERIES 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Base Cutoff Current (VCB = 50 V, IE = 0) ICBO - - 100 nAde 

Collector-Emitter Cutoff Current (VCE = 50 V, IB = 0) ICEO - - 500 nAde 

Emitter-Base Cutoff Current MUN5211T1 lEBO - - 0.5 mAde 
(VEB = 6.0 V, IC = 0) MUN5212T1 - - 0.2 

MUN5213T1 - - 0.1 
MUN5214T1 - - 0.2 
MUN5215T1 - - 0.9 
MUN5216T1 - - 1.9 
MUN5230T1 - - 4.3 
MUN5231T1 - - 2.3 
MUN5232T1 - - 1.5 
MUN5233T1 - - 0.18 
MUN5234T1 - - 0.13 

Collector-Base Breakdown Voltage (IC = 10~, IE = 0) V(BR)CBO 50 - - Vdc 

Collector-Emitter Breakdown Voltage(3) (IC = 2.0 rnA, IB = 0) V(BR)CEO 50 - - Vdc 

ON CHARACTERISTICS(3) 

DC Current Gain MUN5211T1 hFE 35 60 -
(VCE = 10 V, IC = 5.0 rnA) MUN5212T1 60 100 -

MUN5213T1 80 140 -
MUN5214T1 80 140 -
MUN5215T1 160 350 -
MUN5216T1 160 350 -
MUN5230T1 3.0 5.0 -
MUN5231T1 8.0 15 -
MUN5232T1 15 30 -
MUN5233T1 80 200 -
MUN5234T1 80 150 -

Collector-Emitter Saturation Voltage (IC = 10 rnA, IB = 0.3 rnA) 
(IC = 10 rnA, IB = 5 rnA) MUN5230T1/MUN5231T1 

VCE(sat) - - 0.25 Vdc 

(IC = 10 rnA, IB = 1 rnA) MUN5215T11MUN5216T1 
MUN5232T1IMUN5233T1IMUN5234T1 

Output Voltage (on) VOL Vdc 
(VCC = 5.0 V, VB = 2.5 V, RL= 1.0 kQ) MUN52111T1 - - 0.2 

MUN5212T1 - - 0.2 
MUN5214T1 - - 0.2 
MUN5215T1 - - 0.2 
MUN5216T1 - - 0.2 
MUN5230T1 - - 0.2 
MUN5231T1 - - 0.2 
MUN5232T1 - - 0.2 
MUN5233T1 - - 0.2 
MUN5234T1 - - 0.2 

(VCC = 5.0 V, VB = 3.5 V, RL = 1.0 kQ) MUN5213T1 - - 0.2 

3. Pulse Test: Pulse WIdth < 300 11S, Duty Cycle < 2.0% 
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ELECTRICAL CHARACTERISTICS (Continued)(T A = 25°e unless otherwise noted) 

Characteristic Symbol Min 

Output Voltage (off) (Vee = 5.0 V, VB = 0.5 V, RL = 1.0 kn) VOH 4.9 
(Vee = 5.0 V, VB = 0.050 V, RL = 1.0 kG) MUN5230Tl 
(Vee = 5.0 V, VB = 0.25 V, RL = 1.0 kG) MUN5215T1 

MUN5216Tl 
MUN5233Tl 

Input Resistor MUN5211Tl Rl 7.0 
MUN5212Tl 15.4 
MUN5213T1 32.9 
MUN5214Tl 7.0 
MUN5215Tl 7.0 
MUN5216Tl 3.3 
MUN5230T1 0.7 
MUN5231Tl 1.5 
MUN5232T1 3.3 
MUN5233Tl 3.3 
MUN5234Tl 15.4 

Resistor Ratio MUN5211T1IMUN5212TI/MUN5213TI Rl/R2 0.8 
MUN5214Tl 0.17 
MUN5215T11MUN5216T1 -
MUN5230Tl/MUN5231T1IMUN5232Tl 0.8 
MUN5233Tl 0.055 
MUN5234Tl 0.38 

250 

en 
\ii ;;: 200 
:3 
~ 
z 

150 0 

~ .......... 
c;; 

'" 100 C 
~ 

a: 

~ 50 ,p 

, 
RaJA" 833°CIW ......... 

.......... 

50 100 
TA, AMBIENT TEMPERATURE (OC) 

Figure 1. Derating Curve 
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MUN5211T1 SERIES 

Typ Max Unit 

- - Vdc 

10 13 kG 
22 2B.6 
47 61.1 
10 13 
10 13 
4.7 6.1 
1.0 1.3 
2.2 2.9 
4.7 6.1 
4.7 6.1 
22 28.6 

1.0 1.2 
0.21 0.25 
- -
1.0 1.2 
0.1 0.185 
0.47 0.56 

.......... 
150 
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MUN5211T1 SERIES 
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TYPICAL ELECTRICAL CHARACTERISTICS - MUN5211T1 
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TYPICAL ELECTRICAL CHARACTERISTICS - MUN5212T1 
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MUN5211T1 SERIES 

TYPICAL ELECTRICAL CHARACTERISTICS - MUN5213T1 
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MUN5211T1 SERIES 

FROM I1P OR 
OTHER LOGIC 

TYPICAL APPLICATIONS FOR NPN BRTs 

+12V 

r----------, 

I... _________ .J 

ISOLATED 
LOAD 

Figure 22. level Shifter: Connects 12 or 24 Volt Circuits to logic 

VCC 

OUT 

~I_N __ ~~H 

+12V 

Figure 23. Open Collector Inverter: Inverts the Input Signal Figure 24. Inexpensive, Unregulated Current Source 
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MAXIMUM RATINGS 
Rating Symbol PBF259,S Unit 

Collector-Emitter Voltage VCEO 300 Vdc 

Collector-Base Voltage VCBO 300 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous IC 500 mAde 

Total Device Dissipation @ TA = 25°C PD 625 Watt 
Derate above 25°C 5.0 mW/oC 

Total Device Dissipation @TC = 25°C PD 1.5 Watt 
Derate above 25°C 12 mW/oC 

Operating and Storage Junction TJ, Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RIiJA 200 ·C/W 

Thermal Resistance, Junction to Case RIiJC 83.3 ·C/w 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 10 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 pAdc, IC = 0) 

Collector Cutoff Current 
(VCB = 250 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 3.0 V) 

Collector Cutoff Current 
(VCE = 10V) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 20 mAdc, VCE = 10 Vdc) PBF259S 
(lc = 1.0 mAdc, VCE = 10 Vdc) All Types 
(lc = 30 mAde, VCE = 10 Vdc) All Types 

Collector-Emitter Saturation Voltage 
(lC = 30 mAdc,lB = 1.5 mAde) 
(lC = 30 mAde, IB = 60 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain Bandwidth Product 
(lC = 10 mAde, VCE = 10 Vdc, f = 20 MHz) 

Output Capacitance 
(VCB = 20 Vdc, IE = 0, f = 1.0 MHz) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

PBF259,S 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

3 Collector 

~~ 
1 Emitter 

HIGH VOLTAGE TRANSISTORS 

NPN SILICON 

Refer to MPSA42 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 300 - Vdc 

V(BR)CBO 300 - Vdc 

V(BR)EBO 5.0 - Vdc 

ICBO - 50 nAdc 

lEBO - 20 nAdc 

ICEO - 50 nAdc 

hFE -
60 -
25 -
25 -

VCE(sat) Vdc 
- 0.5 
- 1.0 

IT 40 - MHz 

Cobo - 3.0 pF 
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MAXIMUM RATINGS 

Rating Symbol P8F493RS 

Collector-Emitter Voltage VCEO 300 

Collector-Base Voltage VCBO 300 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 500 

Total Device Dissipation @ TA = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @ TC = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -55to+150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(lC = 3.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lc = 10 !£Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 !£Ade, IC = 0) 

Collector Cutoff Current 
(VCB = 250 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 3.0 V) 

Collector Cutoff Current 
(VCE = 10V) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 20 mAde, VCE = 10 Vde) 
(lc = 1.0 mAde, VCE = 10 Vde) 
(lC = 30 mAde, VCE = 10 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 30 mAde, IB = 1.5 mAde) 
(lC = 30 mAde, IB = 60 mAde) 

Base-Emitter Saturation Voltage 
(lc = 20 mA. IB = 2.0 mAl 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain Bandwidth Product 
(lC = 10 mAde, VCE = 10 Vde, f = 20 MHz) 

Output Capacitance 
(VCB = 20 Vde, IE = 0, f = 1.0 MHz) 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWI"C 

Watt 
mWI"C 

'C 

Unit 

'CIW 

'CIW 

PBF259RS 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 

, Collector 

,:.-© 
3 Emitter 

HIGH VOLTAGE TRANSISTORS 

NPN SILICON 

Refer to MPSA92 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 300 - Vde 

V(BR)CBO 300 - Vde 

V(BR)EBO 5.0 - Vde 

ICBO - 50 nAde 

lEBO - 20 nAde 

ICEO - 50 nAde 

hFE -
60 -
25 -
25 -

VCE(sat) Vde 
- 0.5 
- 1.0 

VBE(sat) - 0.9 V 

tr 40 - MHz 

Cobo - 3.0 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO -300 

Collector-Base Voltage VCBO -300 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -500 

Total Device Dissipation @TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @ TC = 25°C Po 1.5 
Derate above 25"C 12 

Operating and Storage Junction 
Temperature Range·· 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = -1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = -10 I£Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -100 I£Ade, IC = 0) 

Collector Cutoff Current 
(VCB = - 200 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = -3.0 V) 

Collector Cutoff Current 
(VCE = -10 V) 

ON CHARACTERISTICS/I) 

DC Current Gain 
(lc = -0.1 mAde,VCE = -1.0Vde) PBF493S 
(lC = -1.0 mAde, VCE = -10 Vde) All Types 
(lC = -30 mAde, VCE = -10 Vde) All Types 

Collector-Emitter Saturation Voltage 
(lC = -20 mAde, IB = -2.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = -20 mAde, IB = -2.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -10 mAde, VCE = - 20 Vde, f = 20 MHz) 

Output Capacitance 
(VCB = -20 Vde, IE = 0, f = 1.0 MHz) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWrC 

Watt 
mWrC 

°c 

Unit 

0c/w 

0c/w 

PBF493,S 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

,'~~~ 
23 ' Emitter 

HIGH VOLTAGE TRANSISTORS 

PNP SILICON 

Refer to MPSA92 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -300 - Vde 

V(BR)CBO -300 - Vde 

V(BR)EBO -5.0 - Vde 

ICBO - -0.25 I£Ade 

lEBO - -20 nAde 

ICEO - -250 nAde 

hFE -
40 -
40 -
25 -

VCE(sat) - -0.5 Vde 

VBE(sat) - -0.9 Vde 

fT 50 - MHz 

Cobo - 6.0 pF 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO -300 

Collector-Base Voltage VCBO -300 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -500 

Total Device Dissipation @TA = 25°C Po 625 
Derate above 25"C 5.0 

Total Device Dissipation @ TC = 25°C Po 1.5 
Derate above 25"C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R/IJA 200 

Thermal Resistance, Junction to Case R/lJC 63.3 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
(lC = -1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = -10 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -100 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = -200 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = - 3.0 V) 

Collector Cutoff Current 
(VCE = -10 Vde ) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -0.1 mAdc,VCE = -1.0Vde) PBF493RS 
(lC = -1.0 mAde, VCE = -10 Vdc) All Types 
(lC = -30mAdc,VCE = -10Vde) All Types 

Collector-Emitter Saturation Voltage 
(lC = - 20 mAde, IB = - 2.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = -20 mAde, IB = -2.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -10 mAde, VCE = -20 Vdc, f = 20 MHz) 

Output Capacitance 
(VCB = -20 Vde, IE = 0, f = 1.0 MHz) 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWrC 

Watts 
mWrC 

°c 

Unit 

0c/w 

°CIW 

PBF493R,RS 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 

11 ~.~'-
2 3 Emitter 

3 

HIGH VOLTAGE TRANSISTORS 

PNPSILICON 

Refer to MPSA42 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -300 - Vde 

V(BR)CBO -300 - Vde 

V(BR)EBO -5.0 - Vde 

ICBO - -0.25 pAde 

lEBO - -20 nAdc 

ICEO - -250 nAde 

hFE -
40 -
40 -
25 -

VCE(sat) - -0.5 Vde 

VBE(sat) - -0.9 Vde 

IT 50 - MHz 

Cobo - 6.0 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VCBO 75 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous IC 600 

Total Device Dissipation @TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @TC = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 10 mAde,lB = 0) 

Collector-Base Breakdown Voltage 
(lC = 10 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current 
(VCE = 60 Vde, VEB{off) = 3.0 Vde) 

Collector Cutoff Cu rrent 
(VCB = 60 Vde, IE = 0) 
(VCB = 60 Vde, IE = 0, TA = 150°C) 

Emitter Cutoff Current 
(VEB = 3.0 Vde, IC = 0) 

Collector Cutoff Current 
(VCE = 10V) 

Base Cutoff Current 
(VCE = 60 Vde, VEetoff) = 3.0 Vde) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 0.1 mAde, VCE = 10 Vde) 
(lC = 1.0 mAde, VCE = 10 Vde) 
(lC = 10 mAde, VCE = 10 Vde) 
(lC = 10 mAde, VCE = 10 Vde, TA = -55°C) 
(lC = 150 mAde, VCE = 10 Vde)(l) 
(lC = 150 mAde, VCE = 1.0 Vde)(l) 
(lC = 500 mAde, VCE = 10 Vde)(l) 

Collector-Emitter Saturation Voltage(l) 
(lC = 150 mAde, IB = 15 mAde) 
(lC = 500 mAde, IB = 50 mAde) 

Base-Emitter Saturation Voltage(l) 
(lC = 150 mAde, IB = 15 mAde) 
(lC = 500 mAde, IB = 50 mAde) 

Motorola Small-Signai Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mWf'C 

Watts 
mWf'C 

°c 

Unit 

°CIW 

°CIW 

P2N2222A 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 

1 Collector 

.~() 
3 Emitter 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to MPS2222 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 40 - Vde 

V(BR)CBO 75 - Vde 

V(BR)EBO 6.0 - Vde 

ICEX - 10 nAde 

ICBO pAde 
- 0,01 
- 10 

lEBO - 10 nAde 

ICEO - 10 nAde 

IBEX - 20 nAde 

hFE -
35 -
50 -
75 -
35 -
100 300 
50 -
40 -

VCE(sat) Vde 
- 0.3 
- 1.0 

VBE(sat) Vde 
0.6 1.2 
- 2.0 
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P2N2222A 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25'C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product(2) f,- 300 - MHz 
(lC = 20 mAde, VCE = 20 Vde, 1= 100 MHz) 

Output Capacitance Cobo - 8.0 pF 
(VCB = 10 Vde, IE = 0, I = 1.0 MHz) 

Input Capacitance Cibo - 25 pF 
(VEB = 0.5 Vde, IC = 0, 1= 1.0 MHz) 

Input Impedance hie kO 
(lC = 1.0 mAde, VCE = 10 Vde, I = 1.0 kHz) 2.0 8.0 
(lC = 10 mAde, VCE = 10 Vde, 1= 1.0 kHz) 0.25 1.25 

Voltage Feedback Ratio hre Xl0-4 
(lC = 1.0 mAde, VCE = 10 Vde, 1= 1.0 kHz) - 8.0 
(lC = 10 mAde, VCE = 10 Vde, 1= 1.0 kHz) - 4.0 

Small-Signal Current Gain hIe -
(lC = 1.0 mAde, VCE = 10 Vde, 1= 1.0 kHz) 50 300 
(lC = 10 mAde, VCE = 10 Vde, I = 1.0 kHz) 75 375 

Output Admittance hoe I£mhos 
(lC = 1.0 mAde, VCE = 10 Vde, 1= 1.0 kHz) 5.0 35 
(lC = 10 mAde, VCE = 10 Vde, I = 1.0 kHz) 25 200 

Collector Base Time Constant rb'Ce - 150 ps 
(IE = 20 mAde, VCB = 20 Vde, 1= 31.8 MHz) 

Noise Figure (lC = 100 ~de, NF - 4.0 dB 
VCE = 10 Vde, RS = 1.0 kO, 1= 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay TIme (VCC = 30 Vde, VBE(off) = -2.0 V, td - 10 ns 

Rise Time IC = 150 mAde, IBI = 15 mAde) (Figure 1) tr - 25 ns 

Storage Time (VCC = 30 Vde, IC = 150 mAde, ts - 225 ns 

Fall Time IBI = IB2 = 15 mAde) (Figure 2) tl - 60 ns 

(1) Pulse Test: Pulse Width:;;; 300 flS, Duty Cycle:;;; 2.0%. (2) IT IS dellned as the frequency at which Ihlel extrapolates to unity. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 
FIGURE 1 _ TURN-ON TIME 

-I I- 1.0 to 100"., DUTY 

.:~. CYCLE" 2". 

-2V 1 kn 

~ <2", 
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FIGURE 2 - TURN-OFF TIME 
+30 V - .".( ~~ '~,,:~;; 

_L_ 0 
~. Ik 
:CS.<10pF -14V I~ 

___ J -- r < 20 nl 1 N914 
Scope AI .. Time < 4 nl 

-Total shunt capacitance of t •• t Jig. 
connector •• and olcilloscop •. 

+30 V 

200 

I 
I 

_L_ -,-
les· < 10pF 

---~ 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO -60 

Collector-Base Voltage VCBO -60 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -600 

Total Device Dissipation @ TA ~ 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @ TC ~ 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (TA ~ 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC ~ -10 mAde,lB ~ 0) 

Collector-Base Breakdown Voltage 
(lC ~ -10 pAde, IE ~ 0) 

Emitter-Base Breakdown Voltage 
(IE ~ -10 /,Ade,IC ~ 0) 

Collector Cutoff Current 
(VCE ~ -30 Vde, VEB(off) ~ -0.5 Vde) 

Collector Cutoff Current 
(VCB ~ -50 Vde, IE ~ 0) 
(VCB ~ -50 Vde, IE ~ 0, TA ~ 150'C) 

Emitter Cutoff Current 
(VEB ~ -3.0 Vde) 

Collector Cutoff Current 
(VCE ~ -10 V) 

Base Cutoff Current 
(VCE ~ -30 Vde, VEBloffl ~ -0.5 Vde) 

ON CHARACTERISTICS 

DC Current Gain 
(lc ~ -0.1 mAde, VCE ~ -10 Vde) 
(lC ~ -1.0 mAde, VCE ~ -10 Vde) 
(lC ~ -10 mAde, VCE ~ -10 Vde) 
(lC ~ -150 mAde, VCE ~ -10 Vde)(l) 
(lC ~ -500 mAde, VCE ~ -10 Vde)(l) 

Collector-Emitter Saturation Voltage(l) 
(lc ~ -150 mAde, IB ~ -15 mAde) 
(lC ~ -500 mAde, IB ~ -50 mAde) 

Base-Emitter Saturation Voltage(l) 
(lC ~ -150 mAde,lB ~ -15 mAde) 
(lC ~ -500 mAde,lB ~ -50 mAde) 

Motoro)a Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 
mW/'C 

Watts 
mWI'C 

'c 

Unit 

'CIW 

'CIW 

P2N2907A 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 

1 Collector 

':d~ 
3 Emitter 

AMPLIFIER TRANSISTOR 

PNPSILICON 

Refer to MPS2907 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -60 - Vde 

V(BR)CBO -60 - Vde 

V(BR)EBO -5.0 - Vde 

ICEX - -50 nAde 

ICBO pAde 
- -0.01 
- -10 

lEBO - -10 nAde 

ICEO - -10 nAde 

IBEX - -50 nAde 

hFE -
75 -
100 -
100 -
100 300 
50 -

VCE(sat) Vde 
- -0.4 
- -1.6 

VBE(sat) Vde 
- -1.3 
- -2.6 
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P2N2907A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

I Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (1), (2) 
(lC = -50 mAdc, VCE = -20 Vdc, f = 100 MHz) 

Output Capacitance 
(VCB = -10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = -2.0 Vdc, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 

Delay Time (VCC = -30Vdc, IC = -150 mAdc, 

Rise Time 

Turn-Off Time 

Storage Time 

Fall Time' 

INPUT 
Zo=600 

IBI = -15 mAdc) (Figures 1 and 5) 

(VCC = -6.0Vde,lc = -150 mAde, 
IBI = IB2 = -15 mAde (Figure 2) 

FIGURE 1 - DELAY AND RISE 
TIME TEST CIRCUIT 

PRF - 150 PPS 
RISE TIME '" 2.0 n. 
P.W.< 2oon. 

-30V 

200 

1.0 k 

50 

TO OSCILLOSCO'E 
I'IISE TIME'" 1.0 nl 

tr 200 - MHz 

Cobo - 8.0 pF 

Cibo - 30 pF 

ton - 50 ns 

Id - 10 ns 

tr - 40 ns 

toff - 110 ns 

ts - 80 ns 

If - 30 ns 

FIGURE 2 - STORAGE AND FALL 
TIME TEST CIRCUIT 

INPUT 
Zo-500 
PRF = 150 PPS 
RISE TIME'" 2.0 nl 
P.W. < 200 nl 

+UIV ".OV 

1.0 k 37 

TO OSCILLOSCOPE 
I'IISE TIME'" 1.0 nl 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

NPN Silicon Planar 
Epitaxial Transistor 

This NPN Silicon Epitaxial transistor is designed for use in industrial and 
consumer applications. The device is housed in the SOT-223 package which is 
designed for medium power surface mount applications. 

• High Current: 2.0 Amp 

• The SOT-223 package can be soldered using wave or reflow. 

• SOT-223 package ensures level mounting, resulting in improved thermal 
conduction, and allows visual inspection of soldered jOints. The formed 
leads absorb thermal stress during soldering, eliminating the possibility of 
damage to the die 

• Available in 12 mm Tape and Reel 
Use PZT651T1 to order the 7 inchl1000 unit reel. 
Use PZT651T3 to order the 13 inch/4000 unit reel. 

• PNP Complement is PZT751T1 ;~ 
EMITTER 3 

MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Collector Current IC 

Total Power Dissipation @ TA = 25°C(1) Po 
Derate above 25°C 

Storage Temperature Range Ts1g 

Junction Temperature TJ 

DEVICE MARKING 

I 651 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction-to-Ambient in Free Air RaJA 

Maximum Temperature for Soldering Purposes TL 
Time in Solder Bath 

.. 
1. DeVice mounted on a FR-4 glass epoxy pnnted circuit board uSing minimum recommended footpnnt. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev! 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

PZT651T1 
Motorola Preferred Device 

SOT-223 PACKAGE 
HIGH CURRENT 
NPNSILICON 
TRANSISTOR 

SURFACE MOUNT 

-3 

CASE 318E-04, STYLE 1 
TO-261AA 

Value Unit 

60 Vdc 

80 Vdc 

5.0 Vdc 

2.0 Adc 

0.8 Watts 
6.4 mWrC 

-65 to 150 °C 

150 °C 

156 °CIW 

260 °C 
10 Sec 
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PZT651T1 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted) 

Characteristics Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 10 mAde, IB = 0) 

V(BR)CEO 60 - Vde 

Collector-Emitter Breakdown Voltage 
(lc = 100 !lAde, IE = 0) 

V(BR)CBO 80 - Vde 

Emitter-Base Breakdown Voltage 
(IE = 10 !lAde, IC = 0) 

V(BR)EBO 5.0 - Vde 

Base-Emitter Cutoff Current lEBO - 0.1 !lAde 
(VEB = 4.0 Vde) 

Collector-Base Cutoff Current ICBO - 100 nAde 
(VCB = 80 Vde, IE = 0) 

ON CHARACTERISTICS (2) 

DC Current Gain hFE -
(lc = 50 mAde, VCE = 2.0 Vde) 75 -
(IC = 500 mAde, VCE = 2.0 Vde) 75 -
(IC = 1.0 Ade, VCE = 2.0 Vde) 75 -
(IC = 2.0 Ade, VCE = 2.0 Vde) 40 -

Collector-Emitter Saturation Voltages VCE(sat) Vde 
(lc = 2.0 Ade, IB = 200 mAde) - 0.5 
(lc = 1.0 Ade, IB = 100 mAde) - 0.3 

Base-Emitter Voltages 
(IC = 1.0 Ade, VCE = 2.0 Vde) 

VBE(on) - 1.0 Vde 

Base-Emitter Saturation Voltage 
(IC = 1.0 Ade, IB = 100 mAde) 

VBE(sat) - 1.2 Vde 

Current-Gain-Bandwidth IT 75 - MHz 
(lc = 50 mAde, VCE = 5.0 Vde, f = 100 MHz) 

2. Pulse Test: Pulse W,dth,;; 300 I's, Duty Cycle = 2.0%. 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

PNP Silicon Planar 
Epitaxial Transistor 

This PNP Silicon Epitaxial transistor is designed for use in industrial and 
consumer applications. The device is housed in the SOT-223 package which is 
designed for medium power surface mount applications. 

• High Current: 2.0 Amp 

• The SOT-223 Package can be soldered using wave or reflow. 

• SOT-223 package ensures level mounting, resulting in improved thermal 
conduction, and allows visual inspection of soldered jOints. The formed 
leads absorb thermal stress during soldering, eliminating the possibility of 
damage to the die 

• Available in 12 mm Tape and Reel 
Use PZT751T1 to order the 7 inch/1 000 unit reel. 
Use PZT751T3 to order the 13 inch/4000 unit reel. 

• NPN Complement is PZT651T1 ~ 
EMITIER3 

MAXIMUM RATINGS (Tc = 25'C unless otherwise noted) 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Collector Current IC 

Total Power Dissipation @ TA = 25'C(I) Po 
Derate above 25'C 

Storage Temperature Range Tstg 

Junction Temperature TJ 

DEVICE MARKING 

I Zl751 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction-to-Ambient in Free Air RaJA 

Maximum Temperature for Soldering Purposes TL 
Time in Solder Bath 

.. 
1. DeVice mounted on a FR-4 glass epoxy pnnted circuit board uSing minimum recommended footprint. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev! 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

PZT751T1 
Motorola Preferred Device 

SOT-223 PACKAGE 
HIGH CURRENT 
PNPSILICON 
TRANSISTOR 

SURFACE MOUNT 

-3 

CASE 318E-04, STYLE 1 
TO-261AA 

Value Unit 

60 Vdc 

80 Vdc 

5.0 Vdc 

2.0 Adc 

0.8 Watts 
6.4 mWfOC 

-65 to 150 'c 
150 'C 

156 'crw 
260 'c 
10 Sec 
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PZT751T1 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted) 

I Characteristics Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 60 - Vde 
(IC = 10 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 100 jJAde, IE = 0) 

V(BR)CBO 80 - Vde 

Emitter-Base Breakdown Voltage 
(IE = 10 jJAdc, IC = 0) 

V(BR)EBO 5.0 - Vdc 

Base-Emitter Cutoff Current lEBO - 0.1 jJAOO 
(VEB = 4.0 Vde) 

Collector-Base Cutoff Current ICBO - 100 nAOO 
(VCB = 80 Vde, IE = 0) 

ON CHARACTERISTICS (2) 

DC Current Gain hFE -
(IC = 50 mAde, VCE = 2.0 Vde) 75 -
(IC = 500 mAde, VCE = 2.0 Vde) 75 -
(lc = 1.0 Ade, VCE = 2.0 Vde) 75 -
(IC = 2.0 Ade, VCE = 2.0 Vde) 40 -

Collector-Emitter Saturation Voltages VCE(sat) VOO 
(lc = 2.0 Adc, IB = 200 mAde) - 0.5 
(IC = 1.0 Adc, IB = 100 mAde) - 0.3 

Base-Emitter Voltages 
(lc = 1.0 Adc, VCE = 2.0 Vdc) 

VBE(on) - 1.0 Vde 

Base-Emitter Saturation Voltage 
(lc = 1.0 Ade, IB = 100 mAde) 

VBE(sat) - 1.2 Vdc 

Current-Gain-Bandwidlh iT 75 - MHz 
(lc = 50 mAde. VCE = 5.0 Vde. f = 100 MHz) 

2. Pulse Test: Pulse W,dth,;; 300 1'8, Duty Cycle = 2.0%. 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

NPN Silicon Planar 
Epitaxial Transistor 

This NPN Silicon Epitaxial transistor is designed for use in linear and 
switching applications. The device is housed in the SOT-223 package which is 
designed for medium power surface mount applications. 

• PNP Complement is PZT2907AT1 

• The SOT-223 package can be soldered using wave or reflow. 

• SOT-223 package ensures level mounting, resulting in improved thermal 
conduction, and allows visual inspection of soldered jOints. The formed 
leads absorb thermal stress during soldering, eliminating the possibility of 
damage to the die. 

• Available in 12 mm tape and reel 
Use PZT2222AT1 to order the 7 inchl1 000 unit reel. 
Use PZT2222AT3 to order the 13 inch/4000 unit reel. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage (Open Collector) 

Collector Current 

Total Power Dissipation up to TA = 25°C(1) 

Storage Temperature Range 

Junction Temperature 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction to Ambient 

Lead Temperature for Soldering, 0.0625" from case 
Time in Solder Bath 

DEVICE MARKING 

I P1F 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (lc = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage (lc = 10 IlAde, IE = 0) 

Emitter-Base Breakdown Voltage (IE = 10 IlAdc, IC = 0) 

Base-Emitter Cutoff Current (VCE = 60 Vdc, VBE = - 3.0 Vdc) 

Collector-Emitter Cutoff Current (VCE = 60 Vdc, VBE = - 3.0 Vdc) 

Emitter-Base Cutoff Current (VEB = 3.0 Vdc, IC = 0) 

COLLECTOR 
2,4 

~-© 
3 

EMITTER 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Po 

Tstg 

TJ 

RaJA 

TL 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBEX 

ICEX 

lEBO 

PZT2222AT1 
Motorola Preferred Devtce 

SOT-223 PACKAGE 
NPN SILICON 
TRANSISTOR 

SURFACE MOUNT 

CASE 318E-04, STYLE 1 
TO-261AA 

Value Unit 

40 Vdc 

75 Vdc 

6.0 Vdc 

600 mAdc 

1.5 Watts 

-65 to +150 °c 

150 °C 

83.3 °C/W 

260 °C 
10 Sec 

Min Max Unit 

40 - Vde 

75 - Vdc 

6.0 - Vdc 

- 20 nAdc 

- 10 nAdc 

- 100 nAdc 

1. DevJCe mounted on an epoxy pnnted Circuit board 1.575 Inches x 1.575 Inches x 0.059 Inches; mounting pad for the collector lead min. 0.93 Inches2. 
Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 2 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 2-471 



PZT2222AT1 

ELECTRICAL CHARACTERISTICS - continued (T A = 25°C unless otherwise noted) 

I Characteristic Symbol 

OFF CHARACTERISTICS (continued) 

Collector-Base Cutoff Current (VCB = 60 Vde, IE = 0) 
(VCB=60Vde,IE=O, TA= 125°C) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 0.1 mAde, VCE = 10Vde) 
(IC = 1.0 mAde, VCE = 10 Vde) 
(IC = 10 mAde, VCE = 10 Vde) 
(IC = 10 mAde, VCE = 10 Vde, TA = - 55°C) 
(IC = 150 mAde, VCE = 10 Vde) 
(IC = 150 mAde, VCE = 1.0 Vde) 
(IC = 500 mAde, VCE = 10 Vde) 

Collector-Emitter Saturation Voltages 
(IC = 150 mAde, IB = 15 mAde) 
(IC = 500 mAde, IB = 50 mAde) 

Base·Emitter Saturation Voltages 
(lc = 150 mAde, IB = 15 mAde) 
(IC = 500 mAde, IB = 50 mAde) 

Input Impedance 
(VCE = 10Vde,Ic = 1.0 mAde, 1= 1.0 kHz) 
(VCE = 10 Vde, IC = 10 mAde, I = 1.0 kHz) 

Voltage Feedback Ratio 
(VCE = 10 Vde, IC = 1.0 mAde, I = 1.0 kHz) 
(VCE = 10 Vde,IC = 10 mAde, 1= 1.0 kHz) 

Small-Signal Current Gain 
(VCE = 10 Vde, IC = 1.0 mAde, 1= 1.0 kHz) 
(VCE = 10 Vdc, IC = 10 mAde, 1= 1.0 kHz) 

Output Admittance 
(VCE = 10 Vdc, IC = 1.0 mAde, 1= 1.0 kHz) 
(VCE = 10 Vdc, IC = 10 mAde, I = 1.0 kHz) 

Noise Figure (V CE = 10 Vde, IC = 100 !lAde, I = 1.0 kHz) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 20 mAde, VCE = 20 Vdc, I = 100 MHz) 

Output Capacitance (VCB = 10 Vdc, IE = 0, 1= 1.0 MHz) 

Input Capacitance (VEB = 0.5 Vde, IC = 0, I = 1.0 MHz) 

SWITCHING TIMES (TA = 25°C) 

Delay Time (VCC = 30 Vde, IC = 150 mAde, 

Rise Time 
IB(on) = 15 mAde, VEB(off) = 0.5 Vde) 
Figure 1 

Storage Time (VCC = 30 Vdc, IC = 150 mAde, 

Fall Time 
IB(on) = IB(oll) = 15 mAde) 
Figure 2 

hFE 

VCE(sat) 

VBE(sat) 

hie 

hre 

Ihlel 

hoe 

F 

IT 

Ce 

Ce 

Id 

tr 

ts 

tl 

Min Max Unit 

-
35 -
50 -
70 -
35 -
100 300 
50 -
40 -

Vdc 
- 0.3 
- 1.0 

Vde 
0.6 1.2 
- 2.0 

kQ 
2.0 8.0 

0.25 1.25 

-
- 8.0xlo-4 
- 4.0xlo-4 

-
50 300 
75 375 

Ilmhos 
5.0 35 
25 200 

- 4.0 dB 

300 - MHz 

- 8.0 pF 

- 25 pF 

- 10 ns 

- 25 

- 225 ns 

- 60 
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Vi 

+IS.2V 

-13.8V 

VCC 

------ --90% A2 

AI 
Vio--C=:HH 

Vo 

O.U.T. 

Figure 1. Input Waveform and Test Circuit for Determining Delay Time and Rise Time 

vI =-0.5 Vto +9.9 V, VCC = +30 v, Rl = 619n, R2 =2oon 

PULSE GENERATOR: 
PULSE DURATION 
RISE TIME 
DUTY FACTOR 

tp ~ 200ns 
tr ~ 2n8 
~ 0.02 

TIME 

OSCILLOSCOPE: 
INPUT IMPEDANCE 
INPUT CAPACITANCE 
RISE TIME 

Rl 
Vi 

ZI > 1001<0 
CI < 12pF 
tr < 5ns 

Vee 

Vo 

PZT2222AT1 

01 OSCILLOSCOPE 

VBB -= -= 
Figure 2. Input Waveform and Test Circuit for Determining Storage Time and Fall Time 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

PNP Silicon 
Epitaxial Transistor 

This PNP Silicon Epitaxial transistor is designed for use in linear and 
switching applications. The device is housed in the SOT-223 package which is 
designed for medium power surface mount applications. 

• NPN Complement is PZT2222AT1 

• The SOT-223 package can be soldered using wave or reflow 

• SOT-223 package ensures level mounting, resulting in improved thermal 
conduction, and allows visual inspection of soldered jOints. The formed 
leads absorb thermal stress during soldering eliminating the possibility of 
damage to the die. COLLECTOR 

• Available in 12 mm tape and reel 
Use PZT2907 AT1 to order the 7 inch/1000 unit reel. 
Use PZT2907 AT3 to order the 13 inch/4000 unit reel. 

MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Power Dissipation @ TA = 25°C(I) 
Derate above 25°C 

Operating and Storage Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-to-Ambient (surface mounted) 

Lead Temperature for Soldering, 0.0625" from case 
Time in Solder Bath 

DEVICE MARKING 

I P2F 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage (IC = -10 IlAdc, IE = 0) 

Collector-Emitter Breakdown Voltage (IC = 10 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage (IE = -10 IlAdc, IC = 0) 

Collector-Base Cutoff Current (VCB = -50 Vdc, IE = 0) 

Collector-Emitter Cutoff Current (VCE = -30 Vdc, VBE = 0.5 Vdc) 

Base-Emitter Cutoff Current (VCE = -30 Vdc, VBE = -0.5 Vdc) 

2,4 

-'~ 
3 

EMITIER 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

PD 

TJ, Tstg 

RSJA 

TL 

Symbol Min 

V(BR)CBO -60 

V(BR)CEO -60 

V(BR)EBO -5.0 

ICBO -

ICEX -
IBEX -

PZT2907AT1 

SOT-223 PACKAGE 
PNPSILICON 
TRANSISTOR 

SURFACE MOUNT 

-3 

CASE 318E-04, STYLE 1 
TO-261AA 

Value Unit 

-60 Vdc 

-60 Vdc 

-5.0 Vdc 

-600 mAdc 

1.5 Watts 
12 mWrC 

-65 to 150 °c 

83.3 °CIW 

260 °C 
10 Sec 

lYP Max Unit 

- - Vdc 

- - Vdc 

- - Vdc 

- -10 nAdc 

- -50 nAdc 

- -50 nAdc 

1. DeVice mounted on a glass epoxy pnnted CircUit board 1.575 In. x 1.575 In. x 0.059 In.; mounting pad for the collector lead min. 0.93 sq. In. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 4 
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PZT2907AT1 

ELECTRICAL CHARACTERISTICS - continued (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

ON CHARACTERlsncs(2) 

DC Current Gain hFE -
(lc =-0.1 mAde, VCE =-10 Vde) 75 - -
(lc =-1.0 mAde, VCE = -10 Vde) 100 - -
(IC = -10 mAde, VCE = -10 Vde) 100 - -
(IC =-150 mAde, VCE=-10Vde) 100 - 300 
(IC =-500 mAde, VCE =-10 Vde) 50 - -

Collector-Emitter Saturation Voltages VCE(sat) Vde 
(IC =-150 mAde, IB=-15 mAde) - - -0.4 
(IC = - 500 mAde, IB = -50 mAde) - - -1.6 

Base-Emitter Saturation Voltages VBE(sat) Vde 
(IC =-150 mAde, IB=-15 mAde) - - -1.3 
(IC = -500 mAde, IB = -50 mAde) - - -2.6 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (lC = -50 mAde, VCE = -20 Vde, f = 100 MHz) tr 200 - - MHz 

Output Capacitance (VCB = -10 Vde, IE = 0, f = 1.0 MHz) Ce - - 8.0 pF 

Input Capacitance (VEB = -2.0 Vde, IC = 0, f = 1.0 MHz) Ce - - 30 pF 

SWITCHING TIMES 

Tum-On Time Ion - - 45 ns 

Delay Time (VCC= -30Vde, IC=-150 mAde, 
let - - 10 

IBI =-15 mAde) 
Rise Time tr - - 40 

Tum-OIl Time Ioff - - 100 ns 

Storage Time (VCC = -6.0 Vde, IC = -150 mAde, 
ts - - 80 

IBI = IB2 = -15 mAde) 
Fall Time tf - - 30 

2. Pulse Test: Pulse Width" 300 11S, Duty Cycle = 2.0%. 

-30V +15V -6.0V 

INPUT 
la=50n 
PRF = 150 Hz 
RISE TIME" 2.0 ns 

1.0 k 

O_:LI 
50 

~200ns~ 
-= -= 

Figure 1. Delay and Rise 
Time Test Circuit 

TO OSCILLOSCOPE 
RISE TIME,;; 5.0 ns 

INPUT 
la=50n 1.0k 

PRF= 150Hz 
RISE TIME,;; 2.0 ns 

1.0 k 

O_:LI 
~200ns~ 50 

-= -= 

Figure 2. Storage and Fall 
Time Test Circuit 
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PZT2907AT1 

TYPICAL ELECTRICAL CHARACTERISTICS 

1000 
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0 
-1000 -10 -100 1_0.1 -1.0 -10 -100 

IIIII I 
-1000 

IC. COUECTOR CURRENT (rnA) IC. COUECTOR CURRENT (rnA) 

Figure 3. DC Current Gain Figure 4. Current Gain Bandwidth Product 
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II 11111111 I I ..... 
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il·II IIII.""'" -
... I I 
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-0.8 

9 -0.6 
c::. 
w 
~ !:i -0.4 
g 

-0.2 
VCE(sat) @ lelia = 10 

3.0 

2.0 
-0.1 -0.2 -0.3 -0.5 -0.7 -1.0 -2.0-3.0 -5.0 -7.0 -10 -20 -30 

o 
-0.1 -0.2 -0.5 -1.0 -2.0 -5.0 -10 -20 -50 -100-200 -500 

IC. COUECTOR CURRENT (rnA) REVERSE VOLTAGE (VOLTS) 

Figure 5. "ON" Voltage Figure 6. Capacitances 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

NPN Small-Signal 
Darlington Transistor 

This NPN small signal darlington transistor is designed for use in switching 
applications, such as print hammer, relay, solenoid and lamp drivers. The 
device is housed in the SOT-223 package, which is designed for medium power 
surface mount applications. 

• High IT: 125 MHz Minimum 

• The SOT-223 Package can be soldered using wave or rellow. 

• SOT-223 package ensures level mounting, resulting in improved thermal 
conduction, and allows visual inspection of soldered jOints. The formed 
leads absorb thermal stress during soldering, eliminating the possibility of 
damage to the die. 

COLLECTOR 2, 4 
• Available in 12 mm Tape and Reel 

Use PZTA 14T1 to order the 7 inch/1000 unit reel 
Use PZTA14T3 to order the 13 inch/4000 unit reel 

• The PNP Complement is PZTA64T1 ~ 
EMIITER3 

MAXIMUM RATINGS (TC = 25°C unless otherwise noted) 

Rating Symbol 

Collector-Emitter Voltage VCES 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current IC 

Total Power Dissipation @ TA = 25°C(I) Po 

Operating and Storage Temperature Range TJ, Tstg 

DEVICE MARKING 

I PIN 

THERMAL CHARACTERISTICS 

Thermal Resistance RaJA 
Junction-to-Ambient (surface mounted) 

Maximum Temperature for Soldering Purposes TL 
Time in Solder Bath 

PZTA14T1 
Motorola Preferred Device 

MEDIUM POWER 
NPNSILICON 
DARLINGTON 
TRANSISTOR 

SURFACE MOUNT 

-3 

CASE 318E-04, STYLE 1 
TO-261AA 

Value Unit 

30 Vdc 

30 Vdc 

10 Vdc 

300 mAdc 

1.5 Watts 

-65 to 150 °C 

83.3 °CIW 

260 °C 
10 Sec 

1. DeVice mounted on a FR-4 glass epoxy printed CircUit board 1.575 In. x 1.575 In. x 0.0625 In.; mounting pad for the collector lead = 0.93 sq. In. 

Preferred devices are Motorola recommended choices for future use and best overall valus. 

Rev 1 
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PZTA14T1 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

I Characteristics I Symbol 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 
(Ie = 100 !lAde, IE = 0) 

Collector-Emitter Breakdown Voltage 
(lc = 100 !lAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 !lAde, IC = 0) 

Collector-Base Cutoff Current 
(VCB = 30 Vde, IE = 0) 

Emitter-Base Cutoff Current 
(VEB = 10 Vde,lc = 0) 

ON CHARACTERISTICS (2) 

DC Current Gain 
(IC = 10 mAde, VCE = 5.0 Vde) 
(IC = 100 mAde, VCE = 5.0 Vde) 

Collector-Emitter Saturation Voltage 
(IC = 100 mAde,lB = 0.1 mAde) 

Base-Emitter On Voltage 
(IC = 100 mAde, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 10 mAde, VCE = 5.0 Vde) 

2. Pulse Test: Pulse Width :s; 300 !'S, Duty Cycle :s; 2.0%. 

V(BR)CBO 

V(BR)CES 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

Min Typ Max Unit 

30 - - Vde 

30 - - Vde 

10 - - Vde 

- - 0.1 !lAde 

- - 0.1 !lAde 

-
10,000 - -
20,000 - -
- - 1.5 Vde 

- - 2.0 Vde 
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PZTA14T1 

TYPICAL ELECTRICAL CHARACTERISTICS 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage (Open Base) VCEO 300 

Collector-Base Voltage (Open Emitter) VCBO 300 

Emitter-Base Voltage (Open Collector) VEBO 6.0 

Collector Current (DC) IC 500 

Total Power Dissipation up to T A = 25°C' PD' 1.5 

Storage Temperature Range T8 tg -65to+150 

Junction Temperature TJ 150 

DEVICE MARKING 

I PtD 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction to Ambient' 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(IC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 

(IC = 100 !JAde, IE = 0) 

Emitter-Base Breakdown Voltage 

(IE = 100 !JAde, IC = 0) 

Collector-Base Cutoff Current 
(VCB = 200 Vde, IE = 0) 

Emitter-Base Cutoff Current 
(VBE = 6.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 1.0 mAde, VCE = 10 Vde) 
(lc = 10 mAde, VCE = 10 Vde) 
(lc = 30 mAde, VCE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 10 mAde, VCE = 20 Vde, f= 100 MHz) 

Feedback CapaCitance 
(VCB = 20 Vde, IE = 0, f = 1.0 MHz) 

Collector-Emitter Saturation Voltage 
(lc = 20 mAde, IB = 2.0 mAde) 

Base-Emitter Saturation Voltage 
(IC = 20 mAde, IB = 2.0 mAde) 

Unit 

Vde 

Vde 

Vde 

mAde 

Watts 

°c 

°c 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

tr 

Cre 

VCE(sat) 

VBE(sat) 

PZTA42Tl* 
CASE 318E-04, STYLE 1 

(TO-261AA) 

COLLECTOR 

~,,~ '. 
3 

EMITIER 

SOT-223 PACKAGE 
NPN SILICON 

HIGH VOLTAGE TRANSISTOR 
SURFACE MOUNT 

Min 

300 

300 

6.0 

-

-

25 
40 
40 

50 

-

-

-

*This is a Motorola 
designated preferred device. 

Max Unit 

- Vde 

- Vdc 

- Vdc 

0.1 !JAde 

0.1 !JAde 

-
-
-
-

- MHz 

3.0 pF 

0.5 Vde 

0.9 Vde 

• DeVIce mounted on a glass epoxy printed CircUit board 1.575 In. x 1.575 In. x 0.05910.; mounting pad for the collector lead min. 0.93102, 

(1) Pulse Test Conditions, tp = 300 flS, a :::: 0.02. 

Rev 2 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

PNP Small-Signal 
Darlington Transistor 

This PNP small-signal darlington transistor is designed for use in preamplifiers 
input applications or wherever it is necessary to have a high input impedance. 
The device is housed in the SOT-223 package which is designed for medium 
power surface mount applications. 

• High IT: 125 MHz Minimum 

• The SOT-223 Package can be soldered using wave or reflow. 

• SOT-223 package ensures level mounting, resulting in improved thermal 
conduction, and allows visual inspection of soldered joints. The formed 
leads absorb thermal stress during soldering eliminating the possibility of 

COLLECTOR 2, 4 damage to the die. 

• Available in 12 mm Tape and Reel 
Use PZTA64T1 to order the 7 inch/1000 unit reel. 
Use PZTA64T3 to order the 13 inch/4000 unit reel. 

• NPN Complement is PZTA14T1 ~ 
EMITTER 3 

MAXIMUM RATINGS (TC = 25°C unless otherwise noted) 

Rating Symbol 

Collector-Emitter Voltage VCES 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Total Power Dissipation @ TA = 25°C(I) PD 

Collector Current IC 

Operating and Storage Temperature Range TJ, Tstg 

DEVICE MARKING 

I P2V 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction to Ambient (surlace mounted) RIlJA 

Maximum Temperature for Soldering Purposes TL 
Time in Solder Bath 

PZTA64T1 
Motorola Preferred Device 

SOT-223 PACKAGE 

PNPSILICON 
DARLINGTON 
TRANSISTOR 

SURFACE MOUNT 

-3 

CASE 318E-04, STYLE 1 
TO-261AA 

Value Unit 

30 Vdc 

30 Vdc 

10 Vdc 

1.5 Watts 

500 mAdc 

-65 to +150 °c 

83.3 °C/W 

260 °C 
10 Sec 

1. Device mounted on a FR-4 glass epoxy pnnted ClrcU~ board 1.575 In. x 1.575 In. x 0.0625 In.; mounting pad for the collector lead = 0.93 sq. In. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 4 
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PZTA64T1 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 30 - Vdc 
(lc = 100 IfAdc, VBE = 0) 

Collector-Base Breakdown Voltage 
(IC = 100 1fA, IE = 0) 

V(BR)CBO 30 - Vde 

Emitter-Base Breakdown Voltage 
(IE = 100 1fA, IC = 0) 

V(BR)EBO 10 - Vde 

Emitter-Base Cutoff Current lEBO - 0.1 IfAdc 
(VBE = 10 Vdc, IC = 0) 

Collector-Base Cutoff Current ICBO - 0.1 IfAde 
(VCB = 30 Vde, IE = 0) 

ON CHARACTERISTICS (2) 

DC Current Gain hFE -
(lc = 10 mAde, VCE = 5.0 Vde) 10,000 -
(IC = 100 mAde, VCE = 5.0 Vde) 20,000 -

Collector-Emitter Saturation Voltage VCE(sat) - 1.5 Vde 
(IC = 100 mAde, IB = 0.1 mAde) 

Base-Emitter On-Voltage VBE(on) - 2.0 Vdc 
(VCE = 5.0 Vde, IC = 100 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = 10 mAde, VCE = 5.0 Vde, f = 100 MHz) 

2. Pulse Test: Pulse Width,; 300 liS, Duty Cycle,; 2.0%. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -300 Vdc 

Collector-Base Voltage VCBO -300 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current IC -500 mAde 

Total Power Dissipation up to T A = 25°C' PD' 1.5 Watts 

Storage Temperature Range Tstg -65 to +150 °c 

Junction Temperature TJ 150 °C 

DEVICE MARKING 

I P2D 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction to Ambient' 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(IC =-1.0 mAde.IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(IC =-100 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage (IE = -100 !lAde, IC = 0) V(BR)EBO 

Collector-Base Cutoff Current (VCB = - 200 Vde, IE = 0) ICBO 

Emitter-Base Cutoff Current (VBE = - 3.0 Vde, IC = 0) lEBO 

ON CHARACTERISTICS 

DC Current Gain (1) hFE 
(IC =-1.0 mAde, VCE =-10 Vde) 
(IC =-10 mAde, VCE =-10 Vde) 
(IC = - 30 mAde, VCE = -10 Vde) 

Saturation Voltages 
(IC = - 20 mAde, IB = - 2.0 mAde) VCE(sat) 
(IC = - 20 mAde, IB = - 2.0 mAde) VBE(satl. 

DYNAMIC CHARACTERISTICS 

Collector-Base Capacitance @ f = 1.0 MHz Ceb 
(VCB = - 20 Vde, IE = 0) 

Current-Gain - Bandwidth Product IT 
(IC =-10mAde, VCE =-20Vde, f= 100 MHz) 

PZTA92Tl* 
CASE 318E·04, STYLE 1 

(TO-261AA) 

COLLECTOR 

~,,~ '. 
3 

EMITIER 

SOT-223 PACKAGE 
PNP SILICON 

HIGH VOLTAGE TRANSISTOR 
SURFACE MOUNT 

Min 

-300 

-300 

-5.0 

-

-

25 
40 
25 

-
-

-

50 

*This is a Motorola 
designated preferred device. 

Max Unit 

- Vde 

- Vde 

- Vde 

-0.25 !lAde 

-0.1 !lAde 

-
-
-
-

Vde 
-0.5 
-0.9 

6.0 pF 

- MHz 

* DeVIce mounted on a glass epoxy printed CIrcUit board 1.575 In. x 1.575 In. x 0.059 In.; mounting pad for the collector lead mm. 0.931n2, 

(1) Pulse Test: Pulse Width :s: 300 JlS; Duty Cycle = 2.0%. 

R8V2 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -450 Vdc 

Collector-Base Voltage VCBO -450 Vdc 

Emitter-Base Voltage VEBO -5,0 Vdc 

Collector Current IC -500 mAdc 

Total Power Dissipation up to T A = 25°C" PO" 1.5 Watts 

Storage Temperature Range Tstg -65to+150 °c 
Junction Temperature TJ 150 °c 

DEVICE MARKING 

I ZTA96 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction to Ambient" 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (lc = -1 ,0 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage (IC = -100 IlAdc. IE = 0) 

Emitter·Base Breakdown Voltage (IE = -10 IlAdc. IC = 0) 

Collector-Base Cutoff Current (VCB = --400 Vdc, IE = 0) 

Emitter-Base Cutoff Current (VBE = --4,0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 
(IC = -10 mAdc, VCE = -10 Vdc) 

Saturation Voltages 
(IC = -20 mAdc, IB = -2.0 mAdc) 
(IC = -20 mAdc, IB = -2,0 mAdc) 

PZTA96Tl* 
CASE 318E-04, STYLE 1 

(TO-261AA) 

COLLECTOR 
2,4 

W"~ '. 
3 

EMITIER 

SOT-223 PACKAGE 
PNP SILICON 

HIGH VOLTAGE TRANSISTOR 
SURFACE MOUNT 

Symbol 

V(B~CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 
VBE(sat) 

*This is a Motorola 
designated preferred device. 

Min Max 

-450 -

-450 -

-5,0 -

- -0,1 

- -0.1 

50 150 

- -0,6 
- -1.0 

Unit 

Vdc 

Vdc 

Vdc 

IlAdc 

IlAdc 

-

Vdc 

* DeVice mounted on an epoxy printed CircUit board 1 575 In. x 1 575 In. x 0.059 In.; mountmg pad for the collector lead mm. 0 93 m2, 

(1) Pulse Test: Pulse Width :S: 300 JlS; Duty Cycle = 2 0%. 

Rev 1 
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Section 3 

Metal-Can 
Transistors 

In Brief ... 
Motorola's metal-can transistor product offering includes: 

general purpose, switching, high voltage, choppers, 
Darlingtons, and low noise amplifiers. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

!lCASE 22-03 
(T0-206AA) 

3 2 1 TO-IS 
Ii CASE 79-04 

3 (TO-205AD) 
2 1 TO-39 

3-1 



MAXIMUM RATINGS 

Rating Svmbol Value 

Collector-Emitter Voltage VCER 40 

Collector-Base Voltage VCBO 60 

Emitter-Base Voltage VEBO 5.0 

Total Device Dissipation @ TA = 25°C PD 0.6 
Derate above 25°C 4.0 

Total Device Dissipation @ TC = 25°C PD 2.0 
Derate above 25°C 13.3 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Svmbol Max 

Thermal Resistance, Junction to Ambient RIiJA 290 

Thermal Resistance, Junction to Case R9JC 88 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(IC = 100 mAde, RBE = 10 ohms) 

Collector-Base Breakdown Voltage 
(IC = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) 
(VCB = 30 Vde, IE = 0, TA = 150°C) 

ON CHARACTERISTICS 

DC Current Gain(l) 
(lC = 150 mAde, VCE = 10 Vde) 

Collector-Emitter Saturation Voltage(l) 
(lC = 150 mAde, IB = 15 mAde) 

Base-Emitter Saturation Voltage(l) 
(lC = 150 mAde, IB = 15 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 1 MHz) 

Small-Signal Current Gain 
(lC = 50 mAde, VCE = 10 Vde, f = 20 MHz) 

(1) Pulse Test: Pulse Length"" 300 ,",S, Duty Cvele "" 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Watt 
mWrC 

Watts 
mWrC 

°c 

Unit 

°CIW 

°CIW 

Svmbol 

V(BR)CER 

V(BR)CBO 

V(BR)EBO 

ICBO 

hFE 

VCE(sat) 

VBE(sat) 

Cobo 

hfe 

2N697 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 

GENERAL PURPOSE 
TRANSISTOR 

NPNSILICON 

Refer to 2N2218A for graphs. 

Min Max 

40 -

60 -

5.0 -

- 1.0 
- 100 

40 120 

- 1.5 

- 1.3 

- 35 

2.5 -

Unh 

Vdc 

Vdc 

Vde 

pAde 

-

Vde 

Vde 

pF 

MHz 
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MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCER 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Total Device Dissipation @ TA = 25°C Po 
Derate above 25°C 

Total Device Dissipation @ TC = 25°C Po 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient RIIJA 

Thermal Resistance, Junction to Case RIIJC 

2N718A 
2N956 2N1711 

50 

75 

7.0 

500 BOO 
2.B6 4.57 

1.B 3.0 
10.3 17.15 

-65 to +200 

2N718A 
2N956 2N1711 

350 58 

97 219 

Unit 

\Ide 

Vde 

Vde 

mW 
mWrC 

Watts 
mWrC 

°c 

Unit 

°CIW 

°C/W 

2N718A 
2N956 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 

3 Collector 

~~ 
, Emitter 

2N1711 
CASE 79-04, STYLE 1 

TO-39 (TO-205AD) 

GENERAL PURPOSE 
TRANSISTORS 

NPNSIUCON 

Refer to 2N3019 for graphs. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage VCER(sus) 50 - -
(lC = 100 mAde, pulsed; RBE .. 10 ohms)(l) 

Collector-Base Breakdown Voltage V(BR)CBO 75 - -
(lC = 100 !LAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 7.0 - -
(IE = 100 !LAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 60 Vde, IE = 0) - 0.001 0.01 
(VCB = 60 Vde, IE = 0, TA = 150°C) - - 10 

Emitter Cutoff Current lEBO 
(VEB = 5.0 Vde, IC = 0) 2N71BA, - - 0.010 

2N956, 2N 1711 - - 0.005 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = 0.01 mAde, VCE = 10 Vde) 2N956,2N1711 20 - -

(lC = 0.1 mAde, VCE = 10 Vde) 2N71BA. 20 - -
2N956, 2N1711 35 - -

(lc = 10 mAde, VCE = 10 Vde) 2N71BA, 35 - -
2N956, 2N 1711 75 - -

(Ie = 10 mAde, VCE = 10 Vde, TA = -55°C) 2N71BA, 20 - -
2N956,2N1711 35 - -

(lC = 150 mAde, VCE = 10 Vde)(l) 2N71BA, 40 - 120 
2N956, 2N1711 100 - 300 

(lC = 500 mAde, VCE = 10 Vde)(l) 2N71BA. 20 - -
2N956,2N1711 40 - -

Collector-Emitter Saturation Voltage(l) VCE(sat) - 0.24 1.5 
(lC = 150 mAde, IB = 15 mAde) 

Base-Emitter Saturation Voltage(1) VBE(sat) - 1.0 1.3 
(lC = 150 mAde, IB = 15 mAde) 

(1) Pulse Test: Pulse Width .. 300 p.S, Duty Cycle .. 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

!LAde 

!LAde 

-

Vde 

Vde 



2N718A,2N956,2N1711 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

I Characteristic I Symbol Min Typ Max Unit 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr MHz 
(lC = 50 mAde, VCE = 10 Vde, f = 20 MHz) 2N71BA, 60 300 -

2N956,2N1711 70 300 

Output Capacitance Cobo - 4.0 25 pF 
(VCB = 10 Vde, IE = 0, f = 1 MHz) 

Input Capacitance Cibo - 20 BO pF 
(VEB = 0.5 Vde, IC = 0, f = 1 MHz) 

Input Impedance hib ohms 
(lc = 1.0 mAde, VCB = 5.0 Vde, f = 1.0 kHz) 24 - 34 
(lC = 5.0 mAde, VCB = 10 Vde, f = 1.0 kHz) 4.0 - B.O 

Voltage Feedback Ratio hrb Xl0-4 
(lC = 1.0 mAde, VCB = 5.0 Vdc, f = 1.0 kHz) 2N71BA, - - 3.0 

2N956,2N1711 - - 5.0 

(lC = 5.0 mAde, VCB = 10 Vde, f = 1.0 kHz) 2N71BA, - - 3.0 
2N956,2N1711 - - 5.0 

Small-Signal Current Gain hfe -
(lC = 1.0 mAde, VCE = 5.0 Vde, f = 1.0 kHz) 2N71BA, 30 - 100 

2N956,2N1711 50 - 200 

(lC = 5.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 2N71BA, 35 - 150 
2N956, 2N1711 70 - 300 

Output Admittance hob /Lmhos 
(lC = 1.0 mAde, VCB = 5.0 Vde, f = 1.0 kHz) 0.05 - 0.5 
(lC = 5.0 mAde, VCB = 10 Vdc, f = 1.0 kHz) 0.05 - 0.5 

Noise Figure NF dB 
(lC = 300 !LAde, VCE = 10 Vde, f = 1.0 kHz) 2N71BA, - - 12 

2N956,2N1711 - - B.O 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 80 Vde 

Collector-Emitter Voltage VCER 100 Vde 

Collector-Base Voltage VCBO 120 Vde 

Emitter-Base Voltage VEBO 7.0 Vde 

Total Device Dissipation @ TA = 25·C PD 0.5 Watt 
Derate above 25·C 2.86 mWrC 

Total Device Dissipation @ TC = 25·C PD 1.8 Watts 
Derate above 25·C 10.3 mWrC 

Operating and Storage Junction TJ, Tstg -65 to +200 ·C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage(l) (IC = 100 mAde, RBE "" 10 ohms) 

Collector-Emitter Sustaining Voltage(l) (lC = 30 mAde, IB = 0) 

Collector-Base Breakdown Voltage (lC = 100 /lAde, IE = 0) 

Emitter-Base Breakdown Voltage (IE = 100 /lAde, IC = 0) 

Collector Cutoff Current (VCB = 90 Vde, IE = 0) 
(VCB = 90 Vde, IE = 0, TA = 150·C) 

Emitter Cutoff Current (VEB = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (lC = 0.1 mAde, VCE = 10 Vde) 
(lC = 10 mAde, VCE = 10 Vde)(l) 
(IC = 10 mAde, VCE = 10 Vde, TA = -55·C) 
(lC = 150 mAde, VCE = 10 Vde)(l) 

Collector-Emitter Saturation Voltage(l) (lc = 50 mAde, IB = 5.0 mAde) 
(lc = 150 mAde, IB = 15 mAde) 

Base-Emitter Saturation Voltage(l) (lC = 50 mAde, IB = 5.0 mAde) 
(lC = 150 mAde, IB = 15 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (lC = 50 mAde, VCE = 10 Vde, f = 20 MHz) 

Output Capacitance (VCB = 10 Vde, IE = 0, f = 1 MHz) 

Input Capacitance (VEB = 0.5 Vde, IC = 0, f = 1 MHz) 

Input Impedance (lC = 1.0 mAde, VCB = 5.0 Vde, f = 1.0 kHz) 
(lC = 5.0 mAde, VCB = 10 Vde, f = 1.0 kHz) 

Voltage Feedback Ratio (lC = 1.0 mAde, VCB = 5.0 Vde, f = 1.0 kHz) 
(lC = 5.0 mAde, VCB = 10 Vde, f = 1.0 kHz) 

Small-Signal Current Gain (lC = 1.0 mAde, VCE = 5.0 Vde, f = 1.0 kHz) 
(lC = 5.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Output Admittance (lc = 1.0 mAde, VCB = 5.0 Vde, f = 1.0 kHz) 
(lc = 5.0 mAde, VCB = 10 Vde, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width"" 300 p.s, Duty Cycle"" 2.0%. 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

2N720A* 
CASE 22·03, STYLE 1 

TO·18 (TO·206AA) 

II ~~"-
3 2 1 1 Emitter 

Symbol 

VCER(sus) 

VCEO(sus) 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

fT 
Cobo 

Cibo 

hib 

hrb 

hfe 

hob 

GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N3019 for graphs. 

Min Max 

100 -
80 -
120 -
7.0 -
- .010 
- 15 

- .010 

20 -
35 -
20 -
40 120 

- 1.2 
- 5.0 

- 0.9 
- 1.3 

50 -
- 15 

- 85 

20 30 
4.0 8.0 

- 1.25 
- 1.50 

30 100 
45 -
- 0.5 
- 0.5 

Unit 

Vde 

Vde 

Vde 

Vde 

/lAde 

/lAde 

-

Vde 

Vde 

MHz 

pF 

pF 

Ohms 

X 10-4 

-

p.mhos 
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MAXIMUM RATINGS 

Rating Symbol 2N930 2N930A 

Collector-Emitter Voltage VCEO 45 45 

Collector-Base Voltage VCBO 45 60 

Emitter-Base Voltage VEBO 5.0 6.0 

Collector Current IC 30 

Total Device Dissipation @TA = 25'C PD 0.5 
Derate above 25'C 3.33 

Total Device Dissipation @ TC = 25'C PD 1.2 
Derate above 25'C 6.9 

Operating and Storage Temperature 
Temperature Range 

TJ, Tstg -65to +175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 350 

Thermal Resistance, Junction to Case R8JC 146 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

W 
mWrC 

Watt 
mWrC 

'C 

Unit 

'c/w 

'c/w 

2N930,A 
CASE 22-03, STYLE 1 

TO-18 (TO-206AA) 

AMPLIFIER TRANSISTORS 

NPNSILICON 

'~I ________________________ C_h_a_r_act __ en_-sti __ c ________________________ ~ __ S~ym __ b_o_I~ ___ M __ in __ -L ___ M_a_x __ -L ___ U_n_it __ ~ 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) V(BR)CEO 45 - Vdc 
(lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 2N930 V(BR)CBO 45 - Vdc 
(lC = 10 "Adc, IE = 0) 2N930A 60 

Emitter-Base Breakdown Voltage V(BR)EBO - Vdc 
(IE = 10 "Adc, IC = 0) 2N930 5.0 -

2N930A 6.0 

Collector Cutoff Current ICEO - 2.0 nAdc 
(VCE = 5.0 Vdc, IB = 0) 

Collector Cutoff Current ICBO nAdc 
(VCB = 45 Vdc, IE = 0) 2N930 - 10 

2N930A - 2.0 

Collector Cutoff Current ICES nAdc 
(VCB = 45 Vdc, VBE = 0) 2N930 - 10 

2N930A - 2.0 

"Adc 
(VCE = 45 Vdc, VBE = 0, TA = 170'C) 2N930 - 10 

2N930A - 2.0 

Emitter Cutoff Current lEBO nAdc 
(VEB = 5.0 Vdc, IC = 0) 2N930 - 10 

2N930A - 2.0 

ON CHARACTERISTICS 

DC Current Gain hFE 60 - -
(lC = 1.0,.Adc, VCE = 5.0 Vdc) 2N930A 

100 300 
(lc = 1.0 ,.Adc, VCE = 5.0 Vdc) 

(lc = 10 ,.Adc, VCE = 5.0 Vdc, TA = -55'C) 2N930 20 -
2N930A 30 -

(lc = 500 ,.Adc, VCE = 5.0 Vdc) 2N930 150 -
2N930A - -

(lc = 10 mAde, VCE = 5.0 Vdc)(l) 2N930 - 600 
2N930A - 600 
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ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted.) 

Characteristic Symbol Min 

Collector-Emitter Saturation Voltage (1) VCE(sat) 
(lc = 10 mAdc, IB = 0.5 mAdc) 2N930 -

2N930A -
Base-Emitter Saturation Voltage (1) VBE(sat) 

(lC = 10 mAdc,lB = 0.5 mAdc) 2N930 0.6 
2N930A 0.7 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 
(lC = 500 /lAdc, VCE = 5.0 Vdc, f = 30 MHz) 2N930 30 

2N930A 45 

Output Capacitance Cobo 
(VCB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 2N930 -

2N930A -
Input Impedance hib 25 

(IE = 1.0 mAdc, VCB = 5.0 Vde. f = 1.0 kHz) 

Voltage Feedback Ratio hrb -
(IE = 1.0 mAdc, VCB = 5.0 Vdc, f = 1.0 kHz) 

Small Signal Current Gain hfe 
(lC = 1.0 mAdc, VCE = 5.0 Vdc, f = 1.0 kHz) 150 

Output Admittance hob -
(IE = 1.0 mAde. VCB = 5.0 Vdc. f = 1.0 kHz) 

Noise Figure NF -
(lC = 10 /lAdc, VCE = 5.0 Vdc 
RS = 10 k ohms, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width", 300 /LS, Duty Cycle'" 2.0%. 

FIGURE 1 - COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
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\ 
\ 

"" ........ -
i--

5.0 7.0 

2N930,A 

Max Unit 

Vdc 
1.0 
0.5 

Vdc 
1.0 
0.9 

MHz 
-
-

pF 
8.0 
6.0 

32 ohms 

600 X 10-6 

-
600 

1.0 /LmhoS 

3.0 dB 

TJ = 25°C 

10 20 
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2N930,A 

FIGURE 2 - MINIMUM CURRENT GAIN CHARACTERISTICS 
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FIGURE 8 - FALL TIME BEHAVIOR 
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MAXIMUM RATINGS 

Rating Symbol Valua Unit 

Collector-Emitter Voltage VCER 50 Vde 
(RBE .;; 10 Ohms) 

Collector-Base Voltage VCBO 75 Vde 

Emitter-Base Voltage VEBO 7.0 Vde 

Collector Current - Continuous IC 500 mAde 

Total Device Dissipation @TA = 25°C PD 0.8 Watt 
Derate above 25°C 4.57 mWrC 

Total Device Dissipation @ TC = 25°C PD 3.0 Watts 
Derate above 25°C 17.15 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 °C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 219 °C/W 

Thermal Resistance, Junction to Case R8JC 58 OC/W 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) (lC = 100 mAde, RBE .;; 10 Ohms) VCER(sus) 

Collector-Base Breakdown Voltage (lC = 100 /'Ade, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 100 /'Ade, IC = 0) V(BR)EBO 

Collector Cutoff Current (VCB = 60 Vde, IE = 0) ICBO 
(VCB = 60 Vde, IE = 0, TA = 150°C) 

Emitter Cutoff Current (VEB = 5.0 Vde, IC = 0) lEBO 

ON CHARACTERISTICS 

DC Current Gain (lC = 100 /'Ade, VCE = 10 Vde) hFE 
(lC = 10 mAde, VCE = 10 Vde)(1) 
(lC = 10 mAde, VCE = 10 Vde, TA = -55°C)(1) 
(lC = 150 mAde, VCE = 10 Vde)(1) 
(lC = 500 mAde, VCE = 10 Vde)(1) 

Collector-Emitter Saturation Voltage (lC = 150 mAde, IB = 15 mAde)(1) VCE(sat) 

Base-Emitter Saturation Voltage (lC = 150 mAde, IB = 15 mAde)(1) VBE(sat) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
(lC = 50 mAde, VCE = 10 Vde, f = 20 MHz) 

Output Capacitance (VCB = 10 Vde, IE = 0, f = 1.0 MHz) Cobo 

Input Capacitance (VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) Cibo 

Input Impedance (lC = 1.0 mAde, VCB = 5.0 Vde, f = 1.0 kHz hib 
(lC = 5.0 mAde, VCB = 10 Vde, f = 1.0 kHz) 

Voltage Feedback Ratio (lC = 1.0 mAde, VCB = 5.0 Vde, f = 1.0 kHz) hrb 
(lC = 5.0 mAde, VCB = 10 Vde, f = 1.0 kHz) 

Small-Signal Current Gain (lC = 1.0 mAde, VCE = 5.0 Vde, f = 1.0 kHz) hfe 
(lC = 5.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Output Admittance (lC = 1.0 mAde, VCB = 5.0 Vde, f = 1.0 kHz) hob 
(lC = 5.0 mAde, VCB = 10 Vde, f = 1.0 kHz) 

Noise Figure (lC = 0.3 mAde, VCE = 10 Vde, RS = 510 Ohms, f = 1.0 kHz, NF 
Bandwidth = 1.0 Hz) 

SWITCHING CHARACTERISTICS 

Switching Time 

(1) Pulse Test: Pulse Width.;; 300 ,.s, Duty Cycle.;; 2.0%. 

2N1613 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 

,Ii ~~-
2 1 1 Emitter 

GENERAL PURPOSE 
TRANSISTOR 

NPNSILICON 

Refer to 2N3019 for graphs. 

Min Typ Max 

50 - -
75 - -
7.0 - -
- - 10 
- - 10 

- - 10 

20 35 -
35 50 -
20 - -
40 80 120 
20 30 -
- 0.3 1.5 

- 0.78 1.3 

60 - -

- 10 25 

- 50 80 

24 - 34 
4.0 - 8.0 

- - 3.0 
- - 3.0 

30 - 100 
35 - 150 

0.05 - 0.5 
0.05 - 0.5 

- - 12 

30 

Unit 

Vde 

Vde 

Vde 

nAde 
/'Ade 

nAde 

-

Vde 

Vde 

MHz 

pF 

pF 

Ohms 

X 10-4 

-

,.mhos 

dB 

ns 
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2N1711 For Specifications, See 2N718A Data. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 80 Vde 

Collector-Emitter Voltage VCER 100 Vde 

Collector-Base Voltage VCBO 120 Vde 

Emitter-Base Voltage VEBO 7.0 Vde 

Collector Current - Continuous IC 0.5 Ade 

Total Device Dissipation @ TA = 25"C PD 0.8 Watt 
Derate above 25"C 4.57 mWrC 

Total Device Dissipation @ TC = 25"C PD 3.0 Watts 
Derate above 25"C 17.2 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 "C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 219 "CIW 

Thermal Resistance, Junction to Case R8JC 58 "CIW 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (lC = 100 mAde, RBE = 100hms)(1) 

Collector-Emitter Sustaining Voltage(1) (lC = 30 mAde, IB = OH1) 

Collector-Base Breakdown Voltage (lC = 100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage (IE = 100 pAde, IC = 0) 

Collector Cutoff Current (VCB = 90 Vde, IE = 0) 
(VCB = 90 Vde, IE = 0, TA = 150"C) 

Emitter Cutoff-Current (VEB = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (lC = 0.1 mAde, VCE = 10 Vde) 
(lC = 10 mAde, VCE = 10 VdeH1) 
(lC = 10 mAde, VCE = 10 Vde, TA = -55"CH1) 
(lC = 150 mAde, VCE = 10 VdeH1) 

Collector-Emitter Saturation Voltage(1) (lC = 50 mAde, IB = 5.0 mAde) 
(lC = 150 mAde, IB = 15 mAde) 

Base-Emitter Saturation Voltage(1) (lc = 50 mAde, IB = 5.0 mAde) 
(lC = 150 mAde, IB = 15 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (lC = 50 mAde, VCE = 10 Vde, f = 20 MHz) 

Output Capacitance (VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance (VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) 

Input Impedance (lC = 1.0 mAde, VCB = 5.0 Vde, f = 1.0 kHz) 
(lC = 5.0 mAde, VCB = 10 Vde, f = 1.0 kHz) 

Voltage Feedback Ratio (IC = 1.0 mAde, VCB = 5.0 Vde, f = 1.0 kHz) 
(lC = 5.0 mAde, VCB = 10 Vde, f = 1.0 kHz) 

Small-Signal Current Gain (lC = 1.0 mAde, VCE = 5.0 Vde, f = 1.0 kHz) 
(lc = 5.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Output Admittance (lC = 1.0 mAde, VCB = 5.0 Vde, f = 1.0 kHz) 
(lC = 5.0 mAde, VCB = 10 Vde, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width", 300 J.'S, Duty Cycle'" 2.0%. 

Motorola Small-Signa) Transistors, FETs and Diodes Device Data 

Symbol 

VCER(sus) 

VCEO(sus) 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VSE(sat) 

fT 
Cobo 

Cibo 

hib 

hrb 

hfe 

hob 

2N1893 

CASE 79-04, STYLE 1 
TO-39 (TO-205ADI 

GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

Refer to 2N3019 for graphs. 

Min Max 

100 -
80 -
120 -
7.0 -
- 0.Q1 
- 15 

- 0.Q1 

20 -
35 -
20 -
40 120 

- 1.2 
- 0.5 

- 0.9 
- 1.3 

50 -
- 15 

- 85 

20 30 
4.0 8.0 

- 1.25 
- 1.5 

30 100 
45 -
- 0.5 
- 0.5 

Unit 

Vde 

Vde 

Vde 

Vde 

pAde 

pAde 

-

Vde 

Vde 

MHz 

pF 

pF 

Ohms 

X 10-4 

-

Io'mho 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 65 Vde 

Collector-Emitter Voltage, RBE '" 10 Ohms VCER 80 Vde 

Collector-Base Voltage VCBO 120 Vde 

Emitter-Base Voltage VEBO 7.0 Vde 

Collector Current - Continuous IC 1.0 Ade 

Total Device Dissipation @ T A = 25'C Po 1.0 Watt 
Derate above 25'C 5.71 mWrC 

Total Device Dissipation @ TC = 25'C Po 5.0 Watts 
Derate above 25'C 28.6 mWrC 

Operating and Storage Junction TJ, Tstg -65 to +200 'c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic . Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA(I) 175 'C/W 

Thermal Resistance, Junction to Case R8JC 35 'C/W 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (lC = 100 mAde, RBE '" 10 ohms)(2) VCER(sus) 

Collector-Emitter Sustaining Voltage(2) (lC = 100 mAde, IB = 0)(2) VCEO(sus) 

Collector-Emitter Breakdown Voltage (lC = 100 J£Ade, VEB = 1.5 Vde) V(BR)CEX 

Collector-Base Breakdown Voltage (lc = 100 J£Ade, IE = 0) V(BRICBO 

Emitter-Base Breakdown Voltage (IE = 100 J£Ade, IC = 0) V(BR)EBO 

Collector Cutoff Current (VCB = 60 Vde, IE = 0) ICBO 
(VCB = 60 Vde, IE = 0, TA = 150'C) 

Emitter Cutoff Current (VEB = 5.0 Vde, IC = 0) lEBO 

ON CHARACTERISTICS 

DC Current Gain (lC = 0.1 mAde, VCE = 10 Vde) hFE 
(lc = 10 mAde, VCE = 10 Vde)(2) 
(lC = 10 mAde, VCE = 10 Vde, TA = -55'C)(2) 
(lC = 150 mAde, VCE = 10 Vde)(2) 
(lC = 500 mAde, VCE = 10 Vde)(2) 
(lc = 1.0 Ade, VCE = 10 Vde)(2) 

Collector-Emitter Saturation Voltage (lc = 150 mAde, IB = 15 mAdt:)(2) VCE(sat) 

Base-Emitter Saturation Voltage (lC = 150 mAde, IB = 15 mAde)(2) VBE(sat) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (lC = 50 mAde, VCE = 10 Vde, fT 
f = 20 MHz) 

Output Capacitance (VCB = 10 Vde, IE = 0, f = 1.0 MHz) Cobo 

Input Capacitance (VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) Cibo 

Input Impedance (lC = 1.0 mAde, VCE = 5.0 Vde, f = 1.0 kHz) hib 
(lC = 5.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Voltage Feedback Ratio (lC = 1.0 mAde, VCE = 5.0 Vde, f = 1.0 kHz) hrb 
(lC = 5.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Small-Signal Current Gain (lC = 1.0 mAde, VCE = 5.0 Vde, f = 1.0 kHz) hfe 
(lC = 5.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Output Admittance (lC = 1.0 mAde, VCE = 5.0 Vde, f = 1.0 kHz) hob 
(lC = 5.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Noise Figure (lC = 300 J£Ade, VCE = 10 Vde, RS = 1.0 k Ohm, NF 
f = 1.0 kHz, Bandwidth = 1.0 Hz) 

SWITCHING CHARACTERISTICS 

Switching Time 

2N2102 

CASE 79-04, STYLE 1 
TO·39 (TO·205AD) 

,f/! ~()'-
2 1 1 Emitter 

AMPLIFIER TRANSISTOR 

NPNSIUCON 

Refer to 2N3019 for graphs. 

Min Typ Max Unit 

BO - - Vde 

65 - - Vde 

120 - - Vde 

120 - - Vde 

7.0 - - Vde 

- - 2.0 nAde 
- - 2.0 J£Ade 

- - 2.0 nAde 

20 - - -
35 - -
20 - -
40 - 120 
25 - -
10 - -
- 0.15 0.5 Vde 

- 0.88 1.1 Vde 

60 - - MHz 

- 6.0 15 pF 

- 50 BO pF 

24 - 34 Ohms 
4.0 - B.O 

- - 3.0 X 10-4 
- - 3.0 

30 - 100 -
35 - 150 

0.01 - 0.5 I'mho 
0.01 - 1.0 

- 4.0 6.0 dB 

30 ns 

(1) R/IJA is measured with the device soldered into a typical printed circuit board. (2) Pulse Test: Pulse Width", 300 p.o, Duty Cycle'" 2.0%. 
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MAXIMUM RATINGS 

2N2218A 
2N2219 2N2219A 

Rating Symbol 2N2222 2N2222A 

Collector-Emitter Voltage VCEO 30 40 

Collector-Base Voltage VCBO 60 75 

Emitter-Base Voltage VEBO 5.0 6.0 

Collector Current - Continuous IC 800 800 

2N2218A 
2N2219.A 2N2222.A 

Total Device Dissipation Po 
@TA = 25°C 0.8 0.4 
Derate above 25°C 4.57 2.28 

Total Device Dissipation Po 
@TC=25°C 3.0 1.2 
Derate above 25°C 17.1 6.85 

Operating and Storage Junction TJ. Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

2N2218A 
Characteristic Symbol 2N2219.A 2N2222,A 

Thermal Resistance. Junction to Ambient R6JA 219 437.5 

Thermal Resistance. Junction to Case R6JC 58 145.8 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 10 mAde. IB = 0) Non-A Suffix 

A-Suffix 

Collector-Base Breakdown Voltage 
(lC = 10 !lAde. IE = 0) Non-A Suffix 

A-Suffix 

Emitter-Base Breakdown Voltage 
(IE = 10 !lAde. IC = 0) Non-A Suffix 

A-Suffix 

Collector Cutoff Current 
(VCE = 60 Vde. VEB(off) = 3.0 Vde) A-Suffix 

Collector Cutoff Current 
(VCB = 50 Vde. IE = 0) Non-A Suffix 
(VCB = 60 Vde. IE = 0) A-Suffix 
(VCB = 50 Vde. IE = O. TA = 150°C) Non-A Suffix 
(VCB = 60 Vde. IE = O. TA = 150°C) A-Suffix 

Emitter Cutoff Current 
(VEB = 3.0 Vde. IC = 0) A-Suffix 

Base Cutoff Cu rrent 
(VCE = 60 Vde. VEB(off) = 3.0 Vde) A-Suffix 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 0.1 mAde. VCE = 10 Vde) 2N2218A 

2N2219.A. 2N2222,A 

(lc = 1.0 mAde. VCE = 10 Vde) 2N2218A 
2N2219.A. 2N2222,A 

(lC = 10 mAde. VCE = 10 Vde)(l) 2N2218A 
2N2219.A. 2N2222.A 

(lc = 10 mAde. VCE = 10 Vde. 2N2218A 
TA = -55°C)(1) 2N2219.A. 2N2222,A 

(lC = 150 mAde. VCE = 10 Vde)(l) 2N2218A 
2N2219.A. 2N2222.A 

Motorola Small-Signal Transistors. FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mWrC 

Watts 
mWrC 

°c 

Unit 

°C/W 

°C/W 

2N2218A,2N2219,A* 
2N2222,A* 

2N2218, Al2N2219,A 
CASE 79-04 

TO-39 (TO-205AD) 
STYLE 1 3 Collector 

/1 B;'~ 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

ICBO 

lEBO 

IBl 

hFE 

./ Al2N2222,A 
CASE 22-03 

TO-18 (TO-206AA) 
STYLE 1 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

*2N2219A and 2N2222A 
are Motorola designated 

preferred devices. 

Min Max 

30 -
40 -

60 -
75 -

5.0 -
6.0 -
- 10 

- 0.01 
- 0.01 
- 10 
- 10 

- 10 

- 20 

20 -
35 -

25 -
50 -

35 -
75 -

15 -
35 -

40 120 
100 300 

Unit 

Vde 

Vde 

Vde 

nAde 

/LAde 

nAde 

nAde 

-
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2N2218A 2N2219,A 2N2222,A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

(lC = 150 mAde, VCE = 1.0 Vde)(l) 2N2218A 20 -
2N2219A 2N2222,A 50 -

(lC = 500 mAde, VCE = 10 Vde)(l) 2N2219, 2N2222 30 -
2N2218A 25 -
2N2219A, 2N2222A 40 -

Collector-Emitter Saturation Voltage(l) VCE(sat) Vde 
(IC = 150 mAde, IB = 15 mAde) Non-A Suffix - 0.4 

A-Suffix - 0.3 

(lC = 500 mAde, IB = 50 mAde) Non-A Suffix - 1.6 
A-Suffix - 1.0 

Base-Emitter Saturation Voltage(l) VBE(sat) Vde 
(lC = 150 mAde, IB = 15 mAde) Non-A Suffix 0.6 1.3 

A-Suffix 0.6 1.2 

(lC = 500 mAde, IB = 50 mAde) Non-A Suffix - 2.6 
A-Suffix - 2.0 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product(2) fT MHz 
(lC = 20 mAde, VCE = 20 Vde, f = 100 MHz) All Types, Except 250 -

2N2219A, 2N2222A 300 -
Output Capaeitanee(3) Cobo - 8.0 pF 

(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Input Capaeitanee(3) Cibo pF 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) Non-A Suffix - 30 

A-Suffix - 25 

Input Impedance hje kohms 
(lc = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 2N2218A 1.0 3,5 

2N2219A,2N2222A 2.0 8.0 

(IC = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) 2N2218A 0.2 1.0 
2N2219A,2N2222A 0.25 1.25 

Voltage Feedback Ratio hre X 10-4 
(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 2N2218A - 5.0 

2N2219A, 2N2222A - 8.0 

(lC = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) 2N2218A - 2.5 
2N2219A, 2N2222A - 4.0 

Small-Signal Current Gain hfe -
(lC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 2N2218A 30 150 

2N2219A, 2N2222A 50 300 

(lC = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) 2N2218A 50 300 
2N2219A, 2N2222A 75 375 

Output Admittance hoe ,",mhos 
(lc = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 2N2218A 3.0 15 

2N2219A, 2N2222A 5.0 35 

(lC = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) 2N2218A 10 100 
2N2219A,2N2222A 15 200 

Collector Base Time Constant rb'Ce - 150 ps 
(IE = 20 mAde, VCB = 20Vde, f = 31.8 MHz) A-Suffix 

Noise Figure NF - 4.0 dB 
(lc = 100 i-<Ade, VCE = 10 Vde, 
RS = 1.0 kohm, f = 1.0 kHz) 2N2222A 

Real Part of Common-Emitter 
High Frequency Input Impedance 

Re(hje) - 60 Ohms 

(lc = 20 mAde, VCE = 20 Vde, f = 300 MHz) 2N2218A,2N2219A 
2N2222A 

(1) Pulse Test: Pulse Width .. 300 1-'8, Duty Cycle .. 2.0%. 
(2) fT is defined as the frequency at which Ihfel extrapolates to unity. 
(3) 2N5581 and 2N5582 are Listed Ceb and Ceb for these conditions and values. 
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2N2218A 2N2219,A 2N2222,A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 
SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vde, VSE(off) = -0.5 Vde, td - 10 ns 

Rise Time Ie = 150 mAde, lSI = 15 mAde) tr - 25 ns 
(Figure 12) 

Storage Time (Vee = 30 Vde, Ie = 150 mAde, ts - 225 ns 

Fall Time lSI = IS2 = 15 mAde) tf - 60 ns 
(Figure 13) 

Active Region Time Constant TA - 2.5 ns 
(Ie = 150 mAde, VeE = 30 Vde) (See Figure II for 2N2218A. 2N2219A, 
2N2221A, 2N2222A) 
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FIGURE 1 - NORMALIZED DC CURRENT GAIN 
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I I - r-.. --~5Dt I'I=! 
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~I::I.. 
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~ ~ 
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IC,COLLECTOR CURRENT ImAI 

FIGURE 2 - COLLECTOR CHARACTERISTICS IN SATURATION REGION 

f'-. ---"- "'---
2.0 3.0 

Pol p,. OVERDRIVE FACTOR 

TJ = 25°C 

Ic = 300mA 

150mA 

SOmA 

4.0 5.0 

This graph shows the effect of base current on collector current. Po 
(current gain at the edge of saturation) is the current gain of the 
transistor at 1 volt, and p, (forced gain) is the ratio of Ieli. in a circuit. 

EXAMPLE: For type 2N2219, estimate a base current (I .. ) to insure 
saturation at a temperature of 25°C and a collector current of 
150 mAo 

Observe that at Ie = 150 mA an overdrive factor of at least 2.5 
is required to drive the transistor well into the saturation region. From 
Figure I, it is seen that h,,@ 1 volt is approximately 0.62 of h" @ 10 
volts. Using the guaranteed minimum gain of 100 @ 150 mA and 
10 V, Po = 62 and substituting values in the overdrive equation, 
we find: 

62 
2.5= 150/1 .. 1 .. ~6.0 mA 
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2N2218A 2N2219,A 2N2222,A 
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FIGURE 3 - "ON" VOLTAGES FIGURE 4 - TEMPERATURE COEFFICIENTS 
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IC. COLLECTOR CURRENT (mA) IC. COllECTOR CURRENT (mA) 

h PARAMETERS 
VCE = 10 Vdc. f = 1.0 kHz. TA = 250 C 

This group of graphs illustrates the relationship between hfe and other "h" parameters 
for this series of transistors. To obtain these curves. a high-gain and a low-gain unit were 
selected and the same units were used to develop the correspondinglv numbered curves 
on each graph. 

FIGURE 5 - INPUT IMPEDANCE FIGURE 6 - VOLTAGE FEEDBACK RATIO 
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2N2218A 2N2219,A 2N2222,A 

SWITCHING TIME CHARACTERISTICS 

FIGURE 9 - TURN·ON TIME 
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FIGURE 11 - TURN·OFF BEHAVIOR 
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FIGURE 12 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

GENERATOR RISE TIME'; 2.0 ns 
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FIGURE 13 - STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 

DUTY CYCLE: 2.0% 
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SCOPE 
Rin> 100 k ohms 
Cin'; 12 pF 
RISE TIME'; 5.0 n. 
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MAXIMUM RATINGS 
Rating Symbol Valua Unit 

Collector-Emitter Voltage VCEO 45 Vdc 

Collector-Emitter Voltage, RBE .;; 10 Ohms VCER 60 Vdc 

Collector-Base Voltage VCBO 60 Vdc 

Emitter-Base Voltage VEBO 7.0 Vdc 

Collector Current - Continuous IC 1.0 Adc 

Total Device Dissipation @ TA = 25'C PD 1.0 Watt 
Derate above 25'C 5.71 mWI'C 

Total Device Dissipation @ TC = 25'C PD 5.0 Watts 
Derate above 25'C 28.6 mWI'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 'C 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ROJA(l) 175 'CIW 

Thermal Resistance, Junction to Case ROJC 35 'CIW 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) (lC = 100 mAdc, RBE .;; 10 Ohms) 

Collector-Emitter Sustaining Voltage(2) (lC = 100 mAdc, IB = 0) 

Collector-Base Breakdown Voltage (lC = 0.05 !lAdc, IE = 0) 

Emitter-Base Breakdown Voltage (IE = 0.1 mAdc, IC = 0) 

Collector Cutoff Current (VCB = 60 Vdc, IE = 0, TC = 25'C) 
(VCB = 60 Vdc, IE = 0, TC = 150'C) 

Emitter Cutoff Current (VEB = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.0 mAdc, VCE = 10 Vdc) 
(lC = 150 mAdc, VCE = 10 Vdc)(2) 

Collector-Emitter Saturation Voltage 
(lC = 150 mAdc, IB = 15 mAdc)(2) 

Base-Emitter Saturation Voltage 
(lC = 150 mAdc, IB = 15 mAdc)(2) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 50 mAdc, VCE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc,IC = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(lC = 5.0 mAde, VCE = 10 Vdc, f = 1.0 kHz) 

Noise Figure 
(lC = 0.3 mAdc, VCE = 10 Vdc, RS = 1.0 k Ohm, 
f = 1.0 kHz, B.W. = 1.0 Hz) 

SWITCHING CHARACTERISTICS 

I Total Switching Time 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width.;; 300 !'S, Duty Cycle.;; 2.0%. 

Symbol 

V(BR)CER 

VCEO(sus) 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

IT 

Cobo 

Cibo 

hfe 

NF 

ton + toff 

2N2270 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 

!!I ,:~ 
3 2 1 1 Emitter 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N3019 for graphs. 

Min Typ Max Unit 

60 - - Vdc 

45 - - Vdc 

60 - - Vdc 

7.0 - - Vdc 

- - 0.05 !lAdc 
- - 100 

- - 100 nAdc 

-
30 90 -
50 135 200 

- 0.15 0.9 Vdc 

- 0.88 1.2 Vdc 

100 250 - MHz 

- 10 15 pF 

- 60 80 pF 

50 - 275 -

- 7.0 10 dB 

30 ns 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 15 Vdc 

Collector-Emitter Voltage VCES 40 Vdc 

Collector-Base Voltage VCBO 40 Vdc 

Emitter-Base Voltage VEBO 4.5 Vdc 

Collector Current IC(Peak) 500 mA 
(10 p.s pulse) 

Collector Current - Continuous IC 200 mA 

Total Device Dissipation Po 
@TA = 25'C 0.36 Watt 
Derate above 25'C 2.06 mWI'C 

Total Device Dissipation Po 
@TC = 100'C .68 Watts 
Derate above 100'C 6.85 mWI'C 

Operating and Storage Junction TJ, Tstg -65 to +200 'c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 486 'CIW 

Thermal Resistance, Junction to Case R8JC 147 'CIW 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 10 pA. VBE = 0) 

Collector-Emitter Sustaining Voltage(l) 
(lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 10 p.A, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 p.Adc, IC = 0) 

Collector Cutoff Current 
(VCB = 20 Vdc, IE = 0) 2N2369 
(VCB = 20 Vdc, IE = 0, TA = 150'C) 2N2369A 

Collector Cutoff Current 
(VCE = 20 Vdc, VBE = 0) 2N2369A 

Base Cu rrent 
(VCE = 20 Vde, VBE = 0) 2N2369A 

ON CHARACTERISTICS 

DC Current Gain(1) 
(lC = 10 mAde, VCE = 1.0 Vde) 2N2369 

2N2369A 

(lC = 10 mAde, VCE = 1.0 Vde, TA = -55'C) 2N2369 

(lC = 10 mAde, VCE = 0.35 Vde, TA = -55'C) 2N2369A 
(IC = 30 mAde, VCE = 0.4 Vde) 2N2369A 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

2N2369,A* 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 

SWITCHING TRANSISTORS 

Symbol 

V(BR)CES 

VCEO(sus) 

V(BR)CBO 

V(BR)EBO 

ICBO 

ICES 

IB 

hFE 

NPN SILICON 

*2N2369A is a Motorola 
designated preferred device. 

Min Max 

40 -

15 -

40 -

4.5 -

- 0.4 
- 30 

- 0.4 

- 0.4 

40 120 
- 120 

20 -

20 -
30 -

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

p.Adc 

p.Adc 

p.Ade 

-
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2N2369,A 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25°e unless otherwise noted) 

Characteristic Symbol Min Max Unit 

(lC = 100 mAde, VeE = 1.0 Vde) 2N2369A 20 -
(lC = 100 mAde, VCE = 2.0 Vde) 2N2369 20 -

Collector-Emitter Saturation Voltage(l) (VeE(sat) Vde 
(lC = 10 mAde, IB = 1.0 mAde) 2N2369 - 0.25 

2N2369A - 0.20 

(lC = 10 mAde,lB = 1.0 mAde, TA = +125°C) 2N2369A - 0.30 
(lC = 30 mAde, IB = 3.0 mAde) 2N2369A - 0.25 

(Ie = 100 mAde, IB = 10 mAde) 2N2369A - 0.50 

Base-Emitter Saturation Voltage(l) VBE(sat) Vde 
(Ie = 10 mAde, IB = 1.0 mAde) All Types 0.70 0.85 
(lC = 10 mAde,lB = 1.0 mAde, TA = +125°C) 2N2369A 0.59 -
(lC = 10 mAde, IB = 1.0 mAde, TA = -55°C) 2N2369A - 1.02 
(lC = 30 mAde, IB = 3.0 mAde) 2N2369A - 1.15 

(lC = 100 mAde, IB = 10 mAde) 2N2369A - 1.60 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 500 - MHz 
(lC = 10 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance Cobo - 4.0 pF 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - 4.0 pF 
(VEB = 1.0 Vdc, Ie = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Storage nme ts - 13 ns 
(lC = IBl = 10 mAdc,IB2 = -10 mAdc) 

Turn-On Time Ion - 12 ns 
(lC = 10 mAdc, IBl = 3.0 mA. IB2 = -1.5 mA. VCC = 3.0 Vdc) 

Turn-Off nme toff - 18 ns 
(lC = 10 mAdc, IBl = 3.0 mA, IB2 = -1.5 mA. Vee = 3.0 Vdc) 

(1) Pulse Test: Pulse Width .. 300 /LS, Duty Cycle .. 2.0%. 
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2N2369,A 

SWITCHING TIME EQUIVALENT TEST CIRCUITS FOR 2N2369, 2N3227 

FIGURE 1 - ton CIRCUIT - 10 mA 
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FIGURE 2 - ton CIRCUIT - 100 mA 
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FIGURE 5 - TURN-ON AND TURN-OFF TIME TEST CIRCUIT 
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FIGURE 6 - JUNCTION CAPACITANCE VARIATIONS 
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SOil 

I 

V." TO OSCILLOSCOPE 
INPUT IMPEOANCE = SOil 
RISE TIME = I ns 
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2N2369,A 

FIGURE 8 - MAXIMUM CHARGE DATA 
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FIGURE 12 - MAXIMUM COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
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2N2369,A 

FIGURE 13 - MINIMUM CURRENT GAIN CHARACTERISTICS 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 60 Vdc 

Collector-Base Voltage VCBO 60 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous IC 50 mAdc 

Total Device Dissipation @ T A = 25'C Po 360 mW 
Derate above 25'C 2.06 mWrC 

Total Device Dissipation @ TC = 25'C Po 1.2 Watts 
Derate above 25'C 6.85 mWrC 

Operating and Storage Junction TJ, Tstg -65 to +200 ·C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RBJA(l) 485 ·C/W 

Thermal Resistance, Junction to Case R8JC 146 ·C/W 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) (lC = 10 mAdc, IB = 0) V(BR)CEO 

Collector-Base Breakdown Voltage (lC = 10 pAdc, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 10 pAdc, IC = 0) V(BR)EBO 

Collector Cutoff Current (VCB = 45 Vdc, IE = 0) ICBO 
(VCB = 45 Vde, IE = 0, TA = 150'C) 

Emitter Cutoff Current (VEB = 5.0 Vdc, IC = 0) lEBO 

ON CHARACTERISnCS 

DC Current Gain (lC = 1.0 /LAdc, VCE = 5.0 Vdc) hFE 
(lc = 10 /LAdc, VCE = 5.0 Vdc) 
(IC = 10 /LAdc, VCE = 5.0 Vdc, TA = -55'C) 
(lc = 100 pAde, VCE = 5.0 Vde) 
(lC = 500 pAdc, VCE = 5.0 V~c) 
(lc = 1.0 mAdc, VCE = 5.0 Vdc) 
(lC = 10 mAdc, VCE = 5.0 Vde)(2) 

Collector-Emitter Saturation Voltage (lC = 1.0 mAdc, IB = 0.1 mAdc) VCE(sat) 

Base-Emitter On Voltage (lc = 0.1 mAde, VCE = 5.0 Vdc) VBE(on) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (IC = 0.05 mAdc, VCE = 5.0 Vde, fT 
f = 20 MHz) 
(lC = 0.5 mAdc, VCE = 5.0 Vdc, 
f = 20 MHz) 

Output Capacitance (VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) Cobo 

Input Capacitance (VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) Cibo 

Input Impedance (lC = 1.0 mAdc, VCE = 5.0 Vdc, f = 1.0 kHz) hie 

Voltage Feedback Ratio (lC = 1.0 mAdc, VCE = 5.0 Vdc, f = 1.0 kHz) hre 

Small-Signal Current Gain (lc = 1.0 mAdc, VCE = 5.0 Vdc, f = kHz) hfe 

Output Admittance (lC = 1.0 mAdc, VCE = 5.0 Vdc, f = 1.0 kHz) hoe 

Noise Figure (lC = 10 pAdc, VCE = 5.0 Vdc, RS = 10 kO NF 
f = 100 Hz, BW = 20 Hz) 
(lc = 10 pAdc, VCE = 5.0 Vdc, RS = 10 kO 
f = 1.0 kHz, BW = 200 Hz) 
(lc = 10 pAdc, VCE = 5.0 Vdc, RS = 10 kO 
f = 10 kHz, BW = 2.0 kHz) 
(lc = 10 pAdc, VCE = 5.0 Vdc, RS = 10 kO 
f = 1.0 kHz) 

(1) RBJA is measured With the device soldered mto a typical printed CirCUit board. 
(2) Pulse Test: Pulse Width os; 300 /Ls, Duty Cycle os; 2.0%. 

2N2484* 
CASE 22-03, STYLE 1 

TO-18 (TO-206AA) 

AMPLIFIER TRANSISTOR 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

60 - -
60 - -
6.0 - -

- - 10 
- - 10 

- - 10 

30 190 -
100 250 500 
20 40 -
175 275 -
200 300 -
250 350 -
- 400 800 

- 0.25 0.35 

0.5 0.65 0.7 

15 50 -

60 100 -

- 3.0 6.0 

- 4.0 6.0 

3.5 - 24 

- - 800 

150 - 900 

- - 40 

- 8.0 10 

- - 3.0 

- - 2.0 

- - 3.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 
pAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

kO 

x 10-6 

-
/Lmhos 

dB 
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MAXIMUM RATINGS 

Rating Symbol 2N2895 2N2896 

Collector-Emitter Voltage VCEO 65 90 

Collector-Emitter Voltage VCER 80 140 

Collector-Base Voltage VCBO 120 140 

Emitter-Base Voltage VEBO 7.0 

Collector Current - Continuous IC 1.0 

Total Device Dissipation PD 
@TA = 25'C 0.5 
Derate above 25'C 2.86 

Total Device Dissipation PD 
@TC = 25'C 1.8 
Derate above 25'C 10.3 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R6JA 350 

Thermal Resistance, Junction to Case R/lJC 97 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lc = 100 mAde, RBE = 10 ohms) 2N2895 

2N2896 

Collector-Emitter Sustaining Voltage(l) 
(lC = 100 mAde, IB = 0) 2N2895 

2N2896 

Collector-Base Breakdown Voltage 
(lc = 0.1 mAde, IE = 0) 2N2895 

2N2896 

Emitter-Base Breakdown Voltage 
(IE = 0.1 mAde,lc = 0) 

Collector Cutoff Current 
(VCB = 60 Vde, IC = 0) 2N2895 

2N2896 

(VCB = 60 Vdc, IE = 0, TA = +1500C) 2N2895 

(VCB = 90 Vdc, IE = 0) 2N2896 
(VCB = 90 Vde, IE = 0, TA = + 150'C) 2N2896 

Emitter Cutoff Current 
(VEB = 5.0 Vde, IC = 0) 2N2895 

2N2896 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 10 p.Ade, VCE = 10 Vde) 2N2895 
(lC = 100 p.Ade, VCE = 10 Vde) 2N2895 
(lC = 1.0 mAde, VCE = 10 Vde) 2N2896 
(lc = 10 mAde, VCE = 10 Vde) 2N2895 
(lC = 10 mAde, VCE = 10 Vde, TA = -55'C) 2N2895,2N2896 

(lC = 150 mAde, VCE = 10 Vdc)(l) 2N2895 
2N2896 

(lC = 500 mAde, VCE = 10 Vde)(l) 2N2895 

Motorola Small-Signal TranSistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mWrC 

Watts 
mWrC 

'c 

Unit 

'CIW 

'CIW 

2N2895,2N2896 

CASE 22·03, STYLE 1 
TO-18 (TO-206AA) 

II ~~'''~' 
3 ' Emitter 

2 1 

Symbol 

V(BR)CER 

VCEO(sus) 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

Refer to 2N3019 for graphs. 

Min Max 

80 -
140 -

65 -
90 -
120 -
140 -

7.0 -

- 0.002 
- 0.01 

- 2.0 

- 0.01 
- 10 

- 0.005 
- 0.01 

10 -
20 -
35 -
35 -
20 -

40 120 
60 200 

25 -

Unit 

Vdc 

Vdc 

Vde 

Vde 

p.Adc 

p.Ade 

-
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2N2895 2N2896 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Collector-Emitter Saturation Voltage(l) VCE(sat) - 0.6 Vdc 
(lC = 150 mAdc, IB = 15 mAdc) 

Base-Emitter Saturation Voltage(l) VBE(sat) - 1.2 Vdc 
(lC = 150 mAdc, IB = 15 Adc) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 120 - MHz 
(IC = 50 mAdc, VCE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 15 pF 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - 80 pF 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe -
(lC = 5.0 mAdc, VCE = 5.0 Vdc, f = 1.0 kHz) 2N2895 50 200 

2N2896 50 275 

Noise Figure NF dB 
(lc = 0.3 mAdc, VCE = 10 Vdc, RS = 500 Ohms, SN2895 
f = 1.0 kHz) - 8.0 

(1) Pulse Test: Pulse Width .. 300 p.s, Duty Cycle .. 1.8%. 
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PNP SILICON ANNULAR HERMETIC TRANSISTORS 

· .. designed for high-speed switching circuits, DC to VHF amplifier applica­
tions and complementary circuitry. 2N2904,A* 

thru 
2N2907,A* 

• High DC Current Gain Specified - 0.1 to 500 mAdc 

• High Current-Gain - Bandwidth Product­
fT = 200 MHz (Min) @ IC = 50 mAdc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.4 Vdc (Max) @ IC = 150 mAdc 

• 2N2904, A thru 2N2907, A Complement to NPN 2N2218, A, 
2N2219, A, 2N2221, A, 2N2222, A 

MAXIMUM RATINGS 

Rating Symbol Non-A Suffix A-Suffix 

Collector-Emitter Voltage VCEO -40 -60 

Collector-Base Voltage VCBO -60 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -600 

2N2904.A 2N2906.A 
2N2905.A 2N2907.A 

Total Device Dissipation Po 
@TA = 25°C 600 400 
Derate above 25°C 3.43 2.28 

Total Device Dissipation Po 
@TC = 25°C 3.0 1.2 
Derate above 25°C 17.2 6.85 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Ma 

2N2904.A; 2N2906.A; 
2N2905.A 2N2907.A 

Thermal Resistance, Junction to R9JA 292 438 
Ambient 

Thermal Resistance, Junction to ROJC 58 146 
Case 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = -10 mAde, IB = 0) Non-A Suffix 

A-Suffix 

Collector-Base Breakdown Voltage (lc = -10 j.lAdc, IE = 0) 

Emitter-Base Breakdown Voltage (IE = -10 p.Adc, IC = 0) 

Collector Cutoff Current (VCE = -30 Vdc, VEB = -0.5 Vdc) 

Collector Cutoff Current 
(VCB = -50 Vdc, IE = 0) Non-A Suffix 

A-Suffix 

(VCB = -50 Vdc, IE = 0, TA = 150°C) Non-A Suffix 
A-Suffix 

Base Current (VCE = -30 Vdc, VEB = -0.5 Vdc) 

ON CHARACTERISnCS 

DC Current Gain 
(lC = -0.1 mAde, VCE = -10 Vdc) 2N2904, 2N2906 

2N2905, 2N2907 
2N2904A. 2N2906A 
2N2905A. 2N2907 A 

11) Pulse Test. Pulse Width ~ 300 I's, Duty Cycle ~ 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

2N2904,Al2N2905.A 3 Collector 
CASE 79-04, STYLE 1 

TO-39 (TO-205AD) 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mWrC 

Watts 
mWrC 

°c 

Unit 

°CIW 

°CIW 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

ICBO 

IB 

hFE 

2N2906.A12N2907.A 
CASE 22-03, STYLE 1 

3 2 1 TO-1B (TO-206AA) 

GENERAL PURPOSE 
TRANSISTORS 

PNPSILICON 

*2N2905A and 2N2907A 
are Motorola designated 

preferred devices. 

Min Typ Max 

-40 - -
-60 - -
-60 - -
-5.0 - -
- - -50 

- - -0.02 
- - -0.Q1 

- - -20 
- - -10 

- - -50 

20 - -
35 - -
40 - -
75 - -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

p.Adc 

nAdc 

-

(continued) 
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2N2904, A THRU 2N2907, A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'e unless otherwise noted.) 

Charactaristic I Symbol Min Typ Max Unit 

ON CHARACTERISTICS (continued) 

DC Current Gain 25 - -
(lC = -1.0mAde,VCE = -10Vde) 2N2904, 2N2906 50 - -

2N2905, 2N2907 40 - -
2N2904A,2N2906A 100 - -
2N2905A, 2N2907A 

(lC = -10 mAde, VCE = -10 Vde) 2N2904, 2N2906 35 - -
2N2905, 2N2907 75 - -
2N2904A, 2N2906A 40 - -
2N2905A, 2N2907 A 100 - -

(lC = -150 mAde, VCE = -10 Vde)(l) 2N2904,A, 2N2906,A hFE 40 - 120 
2N2905,A, 2N2907,A 100 - 300 

(lC = -500 mAde, VCE = -10Vde)(l) 2N2904, 2N2906 20 - -
2N2905, 2N2907 30 - -
2N2904A,2N2906A 40 - -
2N2905A, 2N2907A 50 - -

Collector-Emitter Saturation Voltage(l) VCE(sat) Vde 
(lC = -150 mAde, IS = -15 mAde) - - -0.4 
(lC = -500 mAde, IS = -50 mAde) - - -1.6 

Sase-Emitter Saturation Voltage VSE(sat) Vde 
(lC = -150 mAde, IS = -15 mAde)(l) - - -1.3 
(lC = -500 mAde, IS = -50 mAde)(l) - - -2.6 

DYNAMIC CHARACTERISTICS 

Current-Gain - Sandwidth Product(2) t,. 200 - - MHz 
(lC = -50 mAde, VCE = -20 Vde, f = 100 MHz) 

Output Capacitance Cob - - 8.0 pF 
(VCS = -10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib - - 30 pF 
(VES = -2.0 Vde, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(Vec = -30 Vde, IC = -150 mAde, ton - 26 45 ns 

Delay Time lSI = -15 mAde) td - 6.0 10 

Rise Time (Figure 15a) 
tr - 20 40 

Turn-Off Time (VCC = - 6.0 Vde, IC = -150 mAde, toff - 70 100 ns 

Storage Time lSI = IS2 = -15 mAde) ts - 50 80 

Fall Time (Figure 15b) 
tf - 20 30 

(1) Pulse Test: Pulse W,dth 1> 300 p.s. Duty Cycle 1> 2.0%. 
(2) tr is defined as the frequency at which Ihfel extrapolates to unity. 

FIGURE 1 - NORMALIZED DC CURRENT GAIN 
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2N2904, A THRU 2N2907, A 

FIGURE 2 - NORMALIZED COLLECTOR SATURATION REGION 
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FIGURE 3 - "ON" VOLTAGES 
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This graph shows the effect of base current on col, 
lector current. flo (current gain at edge of saturation) is 
the current gain of the transistor at 1 volt. and fl, (forced 
gain) is the ratio of Ie/I" in a circuit. 

EXAMPLE: For type 2N2905. estimate a base cur, 
rent (IIF) to insure saturation at a temperature of 25'C 
and a collector current of 150 rnA, 

Observe that at Ie == 150 rnA an overdrive factor of 
at least 3 is required to drive the transistor well into 
the saturation region. From Figure 1. it is seen that 
h" @ 1 volt is approximately 0.60 of h" @ 10 volts, 
Using the guaranteed minimum of 100 @ 150 rnA and 
10 V. flo == 60 and substituting values in the overdrive 
equation. we find: 

1,,= 7.5 rnA 

FIGURE 4 - TEMPERATURE COEFFICIENTS 
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SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 
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FIGURE 5 - FREQUENCY EFFECTS 
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2N2904, A THRU 2N2907, A 
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h PARAMETERS 
VCE = 10 Vdc. f = 1.0 kHz. TA = 2SoC 

This group of graphs illustrates the r~lationship between hfe and other "h" parameters 
for this series of transistors. To obtain these curves, a high-gain and a low-gain unit were 
selected and the same units were used to develop the correspondingly numbered curves 
on each graph. 
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FIGURE 9 - CURRENT GAIN 
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FIGURE 11 - TURN ON TIME 

II II 
- - VCC = - 30 v. VSEloff) = 2.0 V 
- Vee = -10V. VSEloff) = OV 

I 
w 
lE .. 
~. 
;;; 
Q .. 
'5 
§ 
.J 

500 

200 

100 

50 

20 

10 

5.0 
-0.1 -0.2 

5000 

3000 

2000 

Ie. COllECTOR CURRENT ImAdei 

FIGURE 10 - OUTPUT ADMITTANCE 
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FIGURE 12 - CHARGE DATA 
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FIGURE 13 - STORAGE TIME 
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FIGURE 15. - OELAY AND RISE 
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2N2904, A THRU 2N2907, A 

FIGURE 18 - ACTIVE REGION SAFE OPERATING AREAS 
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This graph shows the maximum IC,VCE limits of the device 
both from the standpoint of thermal dissipation (at 2SoC case 
temperature), and secondary breakdown. For case temperatures 
other than 2SoC, the thermal dissipation curve must be modified 
in accordance with the derating factor in the Maximum Ratings 
table. 

To avoid possible device failure, the collector load line must 
fell below the limits indicated by the applicable curve. Thus, for 
certain operating conditions the device is thermally limited, and 
for others it is limited by secondary breakdown. 

For pulse applications, the maximum IC·VCE product indicated 
by the de thermal limits can be exceeded. Pulse thermal limits 
may be calculated by using the transient thermal resistance curve 
of Figure 19. 

FIGURE 19 - THERMAL RESISTANCE 
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MAXIMUM RATINGS 

2N3019 
Rating Symbol 2N3020 2N3700 Unit 

Collector-Emitter Voltage VCEO 80 80 Vde 

Collector-Base Voltage VCBO 140 140 Vde 

Emitter-Base Voltage VEBO 7.0 7.0 Vde 

Collector Current - Continuous IC 1.0 1.0 Ade 

Total Device Dissipation @ TA = 25°C Po 0.8 0.5 Watts 
Derate above 25°C 4.6 2.85 mWrC 

Total Device Dissipation @ TC = 25°C Po 5.0 1.8 Watts 
Derate above 25°C 28.6 10.6 mWrC 

Operating and Storage Junction TJ, Tstg -65 to +200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

2N3019 
Characteristic Symbol 2N3020 2N3700 Unit 

Thermal Resistance, Junction to Ambient ROJA 217 350 °CIW 

Thermal Resistance, Junction to Case R8JC 35 97 °CIW 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lC = 30 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = 100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 90 Vde, IE = 0) 
(VCB = 90 Vde, IE = 0, TA = + 150°C) 

Emitter Cutoff Current 
(VEB = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 0.1 mAde, VCE = 10 Vde) 

(lC = 10 mAde, VCE = 10 Vde)(1) 

(lC = 150 mAde, VCE = 10 Vde)(1) 

(lC = 150 mAde, VCE = 10 Vde, TC = -55°C)(1) 

(lC = 500 mAde, VCE = 10 Vde)(1) 

(lC = 1.0 Ade, VCE = 10 Vde)(1) 

Collector-Emitter Saturation Voltage(1) 
(lc = 150 mAde, IB = 15 mAde) 
(lC = 500 mAde, IB = 50 mAde) 

Base-Emitter Saturation Voltage(1) 
(lC = 150 mAde, IB = 15 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 50 mAde, VCE = 10 Vde, f = 20 MHz) 

2N3700, 2N3019 
2N3020 

2N3700,2N3019 
2N3020 

2N3700,2N3019 
2N3020 

2N3700,2N3019 

2N3700, 2N3019 
2N3020 

All Types 

2N3020 
2N3019,2N3700 

Motorola Small-Signal Transistors, FETs and Diodes Device Dala 

2N3019* 
2N3020 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) " 

3 Collector 

,:~ 

,It 
1 Emitter 

2N3700* 
CASE 22-03, STYLE 1 

TO-18 (TO-206AA) 

GENERAL TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

NPN SILICON 

*2N3019 and 2N3700 
are Motorola designated 

preferred devices. 

Min Max 

80 -

140 -

7.0 -

- 0.01 
- 10 

- 0.010 

50 -
30 100 

90 -
40 120 

100 300 
40 120 

40 -
50 -
30 100 

15 -

- 0.2 
- 0.5 

- 1.1 

Unit 

Vde 

Vde 

Vde 

pAde 

pAde 

-

Vde 

Vde 

3-33 



2N3019 2N3020 2N3700 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted) 

Characteristic 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz 

Small-Signal Current Gain 
(IC = 1.0 mAdc, VCE = 5.0 Vdc, f = 1.0 kHz) 

Collector Base Time Constant 
(IE = 10 mAdc, VCB = 10 Vdc, f = 79.8 MHz) 

Noise Figure 
(lC = 100 /'Adc, VCE = 10 Vdc, 
Rs = 1.0 k ohms, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width .. 300 1-'9, Duty Cycle .. 1.0%. 
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c;;-
o 
~ 0.8 
~ 

'" ~ 0.6 
$! 
"" 0.4 

0.2 

I--

o 
0.1 

TJ - IS 
Tr2 

TJ =-S 

Symbol Min 

Cobo -

Cibo -

hfe 
80 
30 

rb'Cc 
-
15 

NF -

DC CURRENT GAIN 
2N3020 

ooC 
SoC 

SoC 

Max 

12 

60 

400 
200 

400 
400 

4 
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IC. COLLECTOR CURRENT (mAl 

"ON" VOLTAGES 

V8E(sat) IC = 10 
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MAXIMUM RATINGS 

Rating Symbol 2N3053 2N3053A Unit 

Collector-Emitter Voltage(l) VCEO 40 60 Vde 

Collector-Base Voltage VCBO 60 80 Vde 

Emitter-Base Voltage VEBO 5.0 Vde 

Collector Current - Continuous IC 700 mAde 

Total Device Dissipation @ TC = 25'C PD 5.0 Watts 
Derate above 25'C 28.6 mWI'C 

Operating and Storage Junction TJ, Tstg -65 to +200 'c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

(1) Applicable 0 to 100 mA (Pulsed): 
Pulse Width .. 300 p.see., Duty Cycle .. 2.0%. 
o to 700 mA; Pulse Width .. 10 p.see., Duty Cycle .. 2.0%. 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc = 100 /lAde, IB = 0) 2N3053 

2N3053A 

Collector-Emitter Breakdown Voltage(2) 
(lC = 100 mAde, RBE = 10 ohms) 2N3053 

2N3053A 

Collector-Base Breakdown Voltage 
(lC = 100 /lAde, IE = 0) 2N3053 

2N3053A 

Emitter-Base Breakdown Voltage (IE = 100 /lAde, IC = 0) 

Collector Cutoff Current 
(VCE = 30 Vde, VEB(off) = 1.5 Vde) 2N3053 
(VCE = 60 Vde, VEB(OFF) = 1.5 Vde) 2N3053A 

Emitter Cutoff Current 
(VEB = 4.0 Vde, IC = 0) 2N3053 

Base Cutoff Current 2N3053 
(VCE = 60 Vde. VEB(off) = 1.5 Vde) 2N3053A 

ON CHARACTERISTICS(2) 

DC Current Gain (lC = 150 mAde, VCE = 2.5 Vde) 
(lC = 150 mAde, VCE = 10 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 150 mAde, IB = 15 mAde) 2N3053 

2N3053A 

Base-Emitter Saturation Voltage 
(lc = 150 mAde, IB = 15 mAde) 2N3053 

2N3053A 

Base-Emitter On Voltage 
(lC = 150 mAde, VCE = 2.5 Vde) 2N3053 

2N3053A 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (lC = 50 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance (VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance (VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

(2) Pulse Test: Pulse Width .. 300 p.s, Duty Cycle .. 2.0%. 

2N3053,A 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 

f!I ~~"~" 
3 2 1 1 Emitter 

Symbol 

V(BR)CEO 

V(BR)CER 

V(BR)CBO 

V(BR)EBO 

ICEX 

lEBO 

IBL 

hFE 

VCE(sat) 

VBE(sat) 

VBE(on) 

fT 
Cobo 

Cibo 

GENERAL PURPOSE 
TRANSISTORS 

NPNSIUCON 

Refer to 2N3019 for graphs. 

Min Max 

40 -
60 -
50 -
70 -

60 -
80 -
5.0 -
- 0.25 

- 0.25 

- 0.25 

25 -
50 250 

- 1.4 
- 0.3 

- 1.7 
0.6 1.0 

- 1.7 
- 1.0 

100 -
- 15 

- 80 

Unit 

Vde 

Vde 

Vde 

Vde 

/lAde 

/lAde 

/lAde 

-

Vde 

Vde 

Vde 

MHz 

pF 

pF 
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MAXIMUM RATINGS 

Characteristic Symbol Value 

Collector-Emitter Voltage VCEO -40 

Collector-Base Voltage VCBO -40 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -1.0 

Total Device Dissipation @ TA = 25'C Po 1.0 
Derate above 25'C 5.71 

Total Device Dissipation @ TC = 25'C Po 5.0 
Derate above 25'C 28.6 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R/IJA 0.175 

Thermal Resistance, Junction to Case R/lJC 35 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = -10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lc = -10pAdc,IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -10 pAdc, IC = 0) 

Base Cutoff Current 
(VCE = -30 Vdc, VEB = -3.0 Vdc) 

Collector Cutoff Current 
(VCE = -30 Vde, VEB = -3.0 Vde) 

Collector Cutoff Current 
(VCB = -30 Vdc, IE = 0) 
(VCB = -30 Vdc, IE = 0, TA = 1000C) 

Emitter Cutoff Current 
(VEB = -4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) 
(lC = -150mAdc,VCE = -1.0Vdc) 
(lC = -500 mAde, VCE = -1.0Vdc) 
(lC = -1.0 Adc, VCE = -5.0 Vdc) 

Collector-Emitter Saturation Voltage(l) 
(lC = -150 mAde, IB = -15 mAde) 
(lC = -500 mAde, IB = -50 mAde) 
(lC = -1.0Adc,IB = -100 mAde) 

Motorola Small-Signal Transistors. FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mWrC 

Watts 
mWrC 

·C 

Unit 

'C/mW 

·C/W 

2N3244 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 

Iii ~~".'" 
3 ~ I[ 1 Emitter 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBEV 

ICEX 

ICBO 

lEBO 

hFE 

VCE(sat) 

GENERAL PURPOSE 
TRANSISTOR 

PNPSILICON 

Min Max 

-40 -

-40 -
-5.0 -

- -80 

- -50 

- -0.050 
- -10 

- -30 

60 -
50 150 
25 -

- -0.3 
- -0.5 
- -1.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

pAde 

nAdc 

-

Vdc 
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2N3244 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25'C unless otherwise noted.) 

Characteristic Symbol Min 

Base-Emitter Saturation Voltage(l) VBE(sat) 
(lC = -150 mAdc,lB = -15 mAdc) -
(lC = -500 mAdc, IB = -50 mAdc) -0.75 
(lC = -1.0 Adc,IB = -100 mAdc) -
(lC = -750 mA,lB = -75 mAl -

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product t,- 175 
(lC = -50 mAdc, VCE = -10 Vdc, f = 100 MHz) 

Output Capacitance Cabo -
(VCB = -10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo -
NEB = -0.5 Vdc, IC = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (lC = -500 rnA, IBl = -50 mA td -
Rise Time VBE = +2.0 V, VCC = -30 V) tr -
Storage Time (lC = -500 mA. VCC = -30 V ts -
Fall Time IBl = IB2 = -50 rnA) tf -
Total Control Charge QT -

(lC = -500 mA, IB = -50 rnA. VCC = -30 V) 

(1) Pulse Test: PW .. 300 p,s, Duty Cycle .. 2.0%. 

FIGURE 1 - MINIMUM CURRENT GAIN CHARACTERISTICS 
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-2.0 
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35 ns 
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2N3244 

FIGURE 2 - COLLECTOR-EMITTER SATURATION VOLTAGE CHARACTERISTICS 

~ -1.4 

~ 
~ -t 
~ 

2 

§! 
~ -1. 0 

::;; 

8
1-0. 

-0. 
::;; 
=> ::;; 
~ -0. 

W 

8 

6 

4 

2 

IC = -50mA- - IC= -150mA 

\ 
\ 

" ~ ...... --
I~ -0. 

-0.5 -1.0 -2.0 -5.0 
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FIGURE 4 - TYPICAL TEMPERATURE COEFFICIENTS 
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2N3244 

FIGURE 5 - JUNCTION CAPACITANCE 
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FIGURE 7 - CHARGE DATA 
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FIGURE 8 - TURN·ON EQUIVALENT TEST CIRCUIT 
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MAXIMUM RATINGS 

2N3250 
Rating Symbol 2N3251 2N3251A Unit 

Collector-Emitter Voltage VCEO -40 -60 Vdc 

Collector-Base Voltage VCBO -50 -60 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current IC -200 mAde 

Total Device Dissipation @ TA = 25"C PD 0.36 Watt 
Derate above 25"C 2.06 mWrC 

Total Device Dissipation @ TC = 25"C PD 1.2 Watts 
Derate above 25"C 6.9 mWrC 

Operating and Storage Temperature 
Temperature Range 

TJ, Tstg -65 to +200 
"C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 486 "CIW 

Thermal Resistance, Junction to Case R8JC 146 "CIW 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage( 1) 2N3250, 2N3251 
(lC = -10 mAde) 2N3251A 

Collector-Base Breakdown Voltage 2N3250, 2N3251 
(lC = - 10 pAdc) 2N3251A 

Emitter-Base Breakdown Voltage 
IE = -10 pAdc) 

Collector Cutoff Current 
(VCE = -40 Vde, VEB = -3.0 Vdc) 

Base Cutoff Current 
(VCE = -40 Vde, VEB = -3.0 Vde) 

ON CHARACTERISTICS 

DC Forward Current Transfer Ratio 
(lC = -0.1 mAde, VCE = -10 Vde) 2N3250 

2N3251,2N3251A 

(lC = -1.0 mAde, VCE = -1.0 Vde) 2N3250 
2N3251,2N3251A 

(lC = -10 mAde, VCE = -1.0Vde)(1) 2N3250 
2N3251,2N3251A 

(lc = -50 mAde, VCE = -1.0Vdc)(1) 2N3250 
2N3251,2N3251A 

Collector-Emitter Saturation Voltage (1) 
(lC = -10 mAde, IB = -1.0 mAde) 
(lc = - 50 mAde, IB = - 5.0 mAde 

Base-Emitter Saturation Voltage (1) 
(lc = -10 mAde, IB = -1.0 mAde) 
(lC = -50 mAde, IB = -5.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 2N3250 
(lC = -10 mAde, VCE = -20 Vde, f = 100 MHz) 2N3251,2N3251A 

Output Capacitance 
(VCB = -10 Vde, IE = 0, f = 1.0 MHz) 

Input Capaciatance 
(VEB = -1.0 Vde, IC = 0, f = 1.0 MHz) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

2N3250 
2N3251,A* 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 

1) ~~"~" 
311 1 Emitter 

2 1 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

IBL 

hFE 

VCE(sat) 

VBE(sat) 

fT 

Cobo 

Cibo 

GENERAL PURPOSE 
TRANSISTORS 

PNPSILICON 

*2N3251A is a Motorola 
designated preferred device. 

Min Max 

-40 -
-60 

-50 -
-60 

-5.0 -

- -20 

- -50 

40 -
80 -

45 -
90 -

50 150 
100 300 

15 -
30 -

- -0.25 
- -0.5 

-0.6 -0.9 
- -1.2 

250 -
300 -
- 6.0 

- B.O 

Unit 

Vde 

Vde 

Vde 

nA 

nAde 

-

Vde 

Vde 

MHz 

pF 

pF 
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2N3250 2N3251,A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Input Impedance 2N3250 hie 1.0 6.0 kohms 
(lc = -1.0 mA, VCE = -10 V, f = 1.0 kHz) 2N3251,2N3251A 2.0 12 

Voltage Feedback Ratio 2N3250 hre - 10 X 10-4 
(lC = -1.0 rnA, VCE = -10 V, f = 1.0 kHz) 2N3251,2N3251A - 20 

Small-Signal Current Gain 2N3250 hfe 50 200 -
(lC = -1.0 mA, VCE = -10 V, f = 1.0 kHz) 2N3251,2N3251A 100 400 

Output Admittance 2N3250 hoe 4.0 40 "mhos 
(lC = -1.0 mA, VCE = -10 V, f = 1.0 kHz) 2N3251,2N3251A 10 60 

Collector Base Time Constant rb'Cc - 250 ps 
(lC = -10 mA, VCE = -20 V, f = 31.8 MHz) 

Noise Figure NF - 6.0 dB 
(lC = -100,.A, VCE = -5.0 V, RS = 1.0 kil, f = 100 Hz) 

SWITCHING CHARACTERISTICS 

Characteristic Symbol Max Unit 

Delay Time (VCC = -3.0 Vdc, VeE = +0.5 Vdc td 35 ns 

Rise Time IC = -10 mAde, leI = -1.0 rnA) tr 35 ns 

Storage Time IC = -10 mAde, leI = leI = -1.0 mAde) 2N3250 Is 175 ns 
(VCC = -3.0 V) 2N3251,2N3251A 200 

Fall Time If 50 ns 

(1) Pulse Test: PW = 300,,5, Duty Cycle = 2.0%. 

SWITCHING TIME CHARACTERISTICS 

FIGURE I - DELAY AND RISE TIME AGURE 2 - STORAGE AND FALL TIME 
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AUDIO SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE VARIATIONS 

(VCE = 6.0 V, TA = 25°C) 

FIGURE 3 - FREQUENCY RGURE 4 - SOURCE RESISTANCE 
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FIGURE 7 - VOLTAGE FEEDBACK RATIO 
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FIGURE 9 - NORMAUZED CURRENT GAIN CHARACTERISTICS 
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FIGURE 10 - COLLECTOR SATURATION REGION 
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This graph shows the effect of base current on collector current. f30 is the 
current gain of the transistor at I volt. and f3F Iforced gain) is the ratio of lellBF 
in a circuit. EXAMPLE, for type 2N3251. estill1'ilte a base current II'F) to insure 
saturation at a temperature of 25'C and a collector current of 10 rnA. 

Observe that at Ie ~ 10 rnA an overdrive factor of at least 2.5 is required to 
drive the transistor well into the saturation region. from Figure I. It is seen that 
hFE@ I volt is typically 167 (guaranteed limits from the Table of Characteristics 
can be used for "worst·case" design) ... 
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FIGURE 13 - for AND rb'Cc versus IC 

400 

1i] 
!!l.- 300 - t; 
!z :::J 

~ 
C 
0 a: 

Z <L 
0 

~ u 
w 
~ ~ F z 200 

i « co 
I 

~ 
z 
~ 

~ t-
Z w 100 u a: 

u~ 
!:-' u 
e,r 

\ V """'" t,.-~ r-. 
\v' 10' 

I "-~ 
.......... r- rb'Cc I'--

VCE = -20V 
TA = 25'C 

o 
o -5 -10 -15 -20 -25 -30 

Ic, COLLECTOR CURRENT ImAde) 

FIGURE 15 - JUNCTION CAPACITANCE 

20 
I I 

TJ = 25'C 

10 

........ 
r-.... 

........ 

" " Cabo 

~ r... I"'j'... 
100. 

:g 
w 

'" a: « 
::J: 
u 

........... ...... ..... 
.... "' ... 
Cibo i'" r.... 

i' 

2 
-0.1 -0.2 -0.5 -1.0 -2.0 -5.0 -10 

REVERSE BIAS !VOLTS) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

2N3250 2N3251,A 
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FIGURE 14 - 30 MC EQUIVALENT CIRCUIT 
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MAXIMUM RATINGS 

Rating Symbol 2N3467 2N3468 

Emitter-Collector Voltage VCEO -40 -50 

Collector-Base Voltage VCBO -40 -50 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -1.0 

Total Device Dissipation @TA = 25°C Po 1.0 
Derate above 250C 5.71 

Total Device Dissipation @ TC = 25°C Po 5.0 
Derate above 250C 28.6 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RIIJA 175 

Thermal Resistance, Junction to Case RIIJC 35 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lc = -10 mAde, IB = 0) 2N3467 

2N3468 

Collector-Base Breakdown Voltage 
(lC = -10 pAdc, IE = 0) 2N3467 

2N3468 

Emitter-Base Breakdown Voltage 
(IE = -10 pAdc, IC = 0) 

Base Cutoff Current 
(VCE = -30 Vdc, VEB = -3.0 Vdc) 

Collector Cutoff Current 
(VCE = -30 Vdc, VEB = -3.0 Vdc) 

Collector Cutoff Current 
(VCB = -30 Vde, IE = 0) 
(VCB = -30 Vde, IE = 0, TA = 100°C) 

ON CHARACTERISTICS 

DC Current Gain(l) 
(lC = -150 mAde, VCE = -1.0 Vde) 2N3467 

2N3468 

(lC = -500 mAde, VCE = -1.0 Vde) 2N3467 
2N3468 

(lC = -1.0 Ade,VCE = -5.0Vde) 2N3467 
2N3468 

Collector-Emitter Saturation Voltage(l) 
(lC = -150 mAde, IB = -15 mAde) 2N3467 

2N3468 

(lC = - 500 mAde, IB = - 50 mAde) 2N3467 
2N3468 

(lC = -1.0Ade,IB = -100mAde) 2N3467 
2N3468 

Base-Emitter Saturation Voltage(l) 
(lc = -150 mAde, IB = -15 mAde) 
(lc = -500 mAde, IB = -50 mAde) 
(Ie = -l.DAde,IB = -100 mAde) 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mWf'C 

Watt 
mWf'C 

OC 

Unit 

°CIW 

°CIW 

2N3467* 
2N3468* 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 

f!! 3 Collector 

~~ 
3 . 

2 1 1 Emitter 

SWITCHING TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBEV 

ICEX 

ICBO 

hFE 

VCE(sat) 

VBE(sat) 

PNPSILICON 

*These are Motorola 
designatad preferred devices. 

Min Max 

-40 -
-50 -
-40 -
-50 -
-5.0 -

- -120 

- -100 

- -0.10 
- -15 

40 -
25 -
40 120 
25 75 

40 -
20 -

- -3.0 
- -0.36 

- -0.5 
- -0.6 

- -1.0 
- -1.2 

- -1.0 
-0.8 -1.2 
- -1.6 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAde 

pAde 

-

Vdc 

Vde 
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ELECTRICAL CHARACTERISTICS (continued) (T A = 25'C unless otherwise noted.) 

I Characteristic I Symbol 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
(lC = -50 mAde, VCE = -10Vdc,f = 100 MHz) 2N3467 

2N3468 

Output Capacitance Cobo 
(VCB = -10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo 
(VEB = -0.5 Vdc, IC = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 
Delay Time (lC = -500 rnA, IBI = -50 rnA, VBE = td 

Rise Time 2.0 V, VCC = 30 V) 
tr 

Storage nme 
(lC = -500 rnA, IBI = IB2 = -50 rnA, VCC = -30 V) 

ts 

Fall nme tf 

Total Control Charge OT 
(lC = 500 rnA. IB = 50 rnA, VCC = 30 V) 

(1) Pulse Test: PW .. 300 ,.s, Duty Cycle .. 2.0%. 

FIGURE 1 - STORAGE TIME VARIATION WITH TEMPERATURE 
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FIGURE 2 - UMITS OF SATURATION VOLTAGE 
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Motorola SmaU-8ignal Transistors, FETs and Diodes Device Data 

2N3467 2N3468 

Min Max Unit 

MHz 
175 -
150 -
- 25 pF 

- 100 pF 

- 10 ns 

- 30 ns 

- 60 ns 

- 30 ns 

- 6.0 nC 
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MAXIMUM RATINGS 

Rating Symbol Value 

Emitter-Collector Voltage VCEO -120 

Collector-Base Voltage VCBO -120 

Emitter-Base Voltage VEBO -4.5 

Collector Current - Continuous IC -100 

Total Device Dissipation @ TA = 25'C PD 400 
Derate above 25'C 2.28 

Total Device Dissipation @ T C = 25'C" PD 1.2 
Derate above 25'C 6.85 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -6510 +200 

"Indicates Data in addilion to JEDEC Requirements. 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RaJA 486 

Thermal Resistance, Junction to Case R9JC 146 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = -10 mAdc,lB = 0) 

Collector-Base Breakdown Voltage 
(lC = -10 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -10 pAdc,lC = 0) 

Collector Cutoff Cu rrent 
(VCB = -90 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = -3.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) 
(lC = -100 pAde, VCE = -10 Vde) 
(lC = -1.0mAde,VCE = -10Vde) 
(lC = -10 mAde, VCE = -10 Vde) 
(lC = -50 mAde, VCE = -10 Vde) 

Collector-Emitter Saturation Voltage 
(lC = -10 mAde,lB = -1.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = -10 mAdc,lB = -1.0 mAde) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(lC = -20 mAde, VCE = -10 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = -10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VES = -2.0 Vde, IC = 0, f = 1.0 MHz) 

Input Impedance 
(lc = -10 mAdc, VCE = -10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio 
(lC = -10 mAdc, VCE = -10 Vde, f = 1.0 kHz) 

Small-Signal Current Gain 
(lC = -10 mAde, VCE = -10 Vdc, f = 1.0 kHz) 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/,C 3 

Watts 
mW/,C 

'C 

Unit 

'CIW 

'CIW 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

for 

Cobo 

Cibo 

Hie 

hre 

hfe 

2N3497 

3 Collector 

~~ 
1 Emitter 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 

GENERAL PURPOSE 
TRANSISTORS 

PNPSILICON 

Min Max 

-120 -

-120 -

-4.5 -

- -100 

- -25 

35 -
40 -
40 -
40 -
- -0.35 

-0.6 -0.9 

150 -

- 6.0 

- 30 

0.1 1.2 

- 2.0 

40 300 

Unit 

Vdc 

Vdc 

Vde 

nAdc 

nAde 

-

Vde 

Vde 

MHz 

pF 

pF 

k ohms 

X 10-4 

-
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2N3497 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted.) 

Characteristic 

Output Admittance 
(lc = -10 mAdc, VCE = -10 Vdc, f = 1.0 kHz) 

Real Part of Input Impedance 
(lC = -20 mAdc, VCE = -10 Vdc, f = 300 MHz) 

SWITCHING CHARACTERISTICS 
Turn-On Time 

(VCC = -30 Vdc, IC = -10 mAdc, IBl = -1.0 mAdc) 

Turn-Off Time 
(VCC =-30Vdc,IC =-10 mAdc, IB1 = IB2 =-1.0mAdc) 

(1) Pulse Test: Pulse Width ,.;300 p.s, Duty Cycle = 2.0%. 
(2) fT is defined as the frequency at which hfe extrapolates to unity. 

FIGURE 1 - TURN-ON TIME TEST CIRCUIT 
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I 
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I 

tr <; 10 ns 
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> 
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'" ~ 
~ 
z=ll·.~ 
o 
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~ 
:iii -0.2 
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!3 
~ -0. 
8 
~ 

1 

FIGURE 3 - VCE (sat) versus IC 

IC ' 
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FIGURE 5 -:- hFE versus IC 
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l-

TA = 125~C 

i'-
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Tt= 25°C 

IIIIII 
TA = -55°C 

11111111 
1111111\ 

-1.0 -10 -100 
IC-COLLECTOR CURRENT (rnA) 

125°C 

25°H 
-55~C 

Symbol Min Max Unit 

hoe - 300 p.mhos 

Re(hie) - 30 Ohms 

ton - 300 ns 

toft - 1000 ns 

FIGURE 2 - TURN-OFF TIME TEST CIRCUIT 

-30 Vo---.""'----, 
12l i _1:.rl±·' -l11 i-

10".';;11.;;500". 
12 ';;10 ns 
~"1.0m. 

10k I 

;~: Cs < 3.0 pF 
I 

lN916 
__ ..J 

DUTY CYCLE ';;10% 

FIGURE 4 - ICBO )l8tsus TA 

25 50 75 100 125 
TA = FREE-AIR TEMPERATURE (OC) 

FIGURE 6 - VBE versus IC' 
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~T~ 

'ilw f.-" 
0: 

~ -0.4 
~ 
<C 

'" ul 

'" -0.2 :> 

TA = 25°C 

J..I.H 
TA = 125°C NOTE 1: THESE PARAMETERS WERE 

III MEASURED USING PULSE 
TECHNIQUES. tw = 300 1'0. 

IC= 10 NOTE 1 
DUTY CYCLE" 2%. 

18 1 UlI lllllllUlll 
-0.4 -1.0 -4.0 -10 -40 -100 

IC-COLLECTOR CURRENT (rnA) 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 150 

Collector-Base Voltage VCBO 150 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous IC 300 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 5.71 

Total Device Dissipation @ TC = 25°C Po 5.0 
Derate above 25°C 28.6 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RaJA 175 

Thermal Resistance, Junction to Case RWC 35 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 2N3500,2N3501 
(lc = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 2N3500, 2N3501 
(IC = 10 ~de, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 ~de, IC = 0) 

Collector Cutoff Current 
(VCB = 75 Vde, IE = 0) 2N3500, 2N3501 
(VCB = 75 Vde, IE = 0, TA = 150°C) 

Emitter Cutoff Current 
(VEB(off) = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc =0.1 mAde, VCE = 10 Vde) 2N3500 

2N3501 

(IC = 1.0 mAde, VCE = 10 Vde) 2N3500 
2N3501 

(IC = 10 mAde, VCE = 10 Vde) (1) 2N3500 
2N3501 

(lc = 150 mAde, VCE = 10 Vde) (1) 2N3500 
2N3501 

(IC = 300 mAde, VCE = 10 Vdc) (1) 2N3500 
2N3501 

Collector-Emitter Saturation Voltage (1) 
(lc = 10 mAde, IB = 1.0 mAde) All Types 
(IC = 50 mAde, IB = 5.0 mAde) All Types 
(IC = 150 mAde, IB = 15 mAde) 2N3500, 2N3501 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mWFC 

Watts 
mW/oC 

°c 

Unit 

°CIW 

°CIW 

Symbol Min 

V(BR)CEO 150 

V(BR)CBO 150 

V(BR)EBO 6.0 

ICBO 
-
-

lEBO -

hFE 
20 
35 

25 
50 

35 
75 

40 
100 

15 
20 

VCE(sat) 
-
-
-

2N3500 
2N3501* 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

*2N3501 is a Motorola 
designated preferred device. 

Typ Max 

- -

- -

- -

- 0.05 
- 50 

- 25 

- -
- -
- -
- -
- -
- -
- 120 
- 300 

- -
- -

- 0.2 
- 0.25 
- 0.4 

Unit 

Vde 

Vde 

Vde 

~de 

nAde 

-

Vde 
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ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic 

Base-Emiller Saturation Voltage (1) 
(IC = 10 mAde, IB = 1.0 mAde) All Types 
(lc = 50 mAde, IB = 5.0 mAde) All Types 
(lc = 150 mAde, IB = 15 mAde) 2N3500, 2N3501 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 
(VCE = 20 Vde, IC = 20 mAde, 1= 100 MHz) 

Output Capacitance 2N3500, 2N3501 
(VCB = 10 Vde, IE = 0, 1= 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, I = 1.0 MHz) 

Input Impedance 2N3500 
(IC = 10 mAde, VCE = 10 Vde, 1= 1.0 kHz) 2N3501 

Voltage Feedback Ratio 2N35oo 
(lc = 10 mAde, VCE = 10 Vde, I = 1.0 kHz) 2N3501 

Small-Signal Current Gain 2N3500 
(IC = 10 mAde, VCE = 10 Vde, 1= 1.0 kHz) 2N3501 

Output Admittance 2N3500 
(IC = 10 mAde, VCE = 10 Vde, 1= 1.0 kHz) 2N3501 

SWITCHING CHARACTERISTICS 

Delay Time 
(IC = 150 mAde, IBl = 15 mAde, VCC = 100 Vde, VBE(off) = -2.0 Vde) 

Rise Time 
(lc = 150 mAde, IBl = 15 mAde, VCC = 100 Vde, VBE(off) = -2.0 Vde) 

Storage Time 
(lc = 150 mAde, IBl = IB2 = 15 mAde, VCC = 100 Vde) 

Fall Time 
(IC = 150 mAde, IBl = IB2 = 15 mAde, VCC = 100 Vde) 

(1) Pulse Test: Pulse Width S 300 I's, Duty Cycle S 2.0%. 
(2) tr = Illtel • Itest· 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Symbol 

VBE(sat) 

tr 

eobo 

Cibo 

hie 

hre 

hie 

hoe 

I(j 

tr 

ts 

II 

2N3500 2N3501 

Min Typ Max Unit 

Vde 
- - O.B 
- - 0.9 
- - 1.2 

150 - - MHz 

- - B.O pF 

- - BO pF 

0.2 - 1.0 kohms 
0.25 - 1.25 

- - 2.5 X 10-4 
- - 4.0 

50 - 300 -
75 - 375 

- - 100 I'mhos 
- - 200 

- 20 - ns 

- 35 - ns 

- BOO - ns 

- BO - ns 
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2N3500 2N3501 
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2N3500 2N3501 

FIGURE 3 - "ON" VOLTAGES 
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AUDIO SMALL-SIGNAL h PARAMETER CHARACTERISTICS 
(VCE = 10Vdc. TA=2SoC.f= 1.0kHz) 

FIGURE 6 - CURRENT GAIN FIGURE 7 - OUTPUT IMPEDANCE 
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MAXIMUM RATINGS 

Characteristic Symbol Value 

Collector-Emitter Voltage VCEO -12 

Collector-Base Voltage VCBO -15 

Emitter-Base Voltage VEBO -4.5 

DC Collector Current IC -200 

Total Device Dissipation @ TA ~ 25°C PD 0.36 
Derate above 25°C 2.06 

Total Device Dissipation @ TC ~ 25°C PD 1.2 
Derate above 25°C 6.9 

Operating and Storage Temperature TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 0.49 

Thermal Resistance, Junction to Case R8JC 0.15 

ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) (lc ~ -10 mAde, IB ~ 0) 

Collector-Base Breakdown Voltage (lc ~ -10 pAde, IE ~ 0) 

Emitter-Base Breakdown Voltage (IE ~ - 10 pAde, IC = 0) 

Base Cutoff Current (VCE ~ -10 Vde, VEB ~ -3.0 Vde) 

Collector Cutoff Current (VCE ~ -10 Vde, VEB ~ -3.0 Vde) 

Collector Cutoff Current (VCB ~ -10 Vde) 
(VCB ~ -10Vde, TA ~ 150°C) 

ON CHARACTERISTICS 

DC Current Gain 
(lC ~ 1.0 mAde, VCE ~ -1.0 Vde) 
(lC ~ 10 mAde, VCE ~ -1.0 Vde)(l) 
(lC ~ 10 mAde, VCE ~ 1.0 Vde, TA ~ -55°C)(I) 
(lC ~ 50 mAde, VCE ~ 1.0 Vde)(l) 
(lC ~ 100 mAde, VCE = 1.0 Vde)(1) 

Collector-Emitter Saturation Voltage (1) 
(lC ~ -10 mAde, IB ~ -1.0 mAde) 
(lC ~ -50 mAde, IB ~ -5.0 mAde) 
(lC = -100 mAde, IB = -10 mAde) 

Base-Emitter Saturation Voltage (1) 
(lC = -10 mAde, IB ~ -1.0 mAde) 
(lC = - 50 mAde, IB ~ - 5.0 mAde) 
(lc = -100 mAde, IB ~ -10 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -10 mAde, VCE = -10 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = -10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = -0.5 Vde, IC ~ 0, f ~ 1.0 MHz) 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mWrC 

Watts 
mWrC 

°c 

Unit 

°CIW 

°CIW 

2N3546 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 

~ 3eolieetor 

,II ,:.~;~, 
SWITCHING TRANSISTOR 

PNPSILICON 

Symbol Min Max Unit 

V(BR)CEO -12 - Vde 

V(BR)CBO -15 - Vde 

V(BR)EBO -4.5 - Vde 

IBEV - -0.10 pAde 

ICEX - -0.010 pAde 

ICBO - -0.010 pAde 
- -10 

hFE -
20 -
30 120 
15 -
25 -
15 -

VCE(sat) Vde 
- -0.15 
- -0.25 
- -0.50 

VBE(sat) Vde 
-0.7 -0.9 
-0.8 -1.3 
- -1.6 

for 700 - MHz 

Cobo - 6.0 pF 

Cibo - 5.0 pF 
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2N3546 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

I Characteristic: I Symbol Min Max 

SWITCHING CHARACTERISTICS 

Delay Time IC = -50 mA, lSI = -5.0 mA 

Rise TIme VSE = 2.0 V, VCC = -3.0 V 

Storage Time IC = -50 mA, lSI = IS2 = -5.0 mA 

Fall Time VCC = -3.0 V 

Turn-On Time 

Turn-Off TIme 

Total Control Charge 
(lC = 50 mA, IS = 5.0 mA, VCC = 3.0 V) 

(1) Pulse Test: PW = 300,",5, Duty Cycle'" 2.0%. 

FIGURE 1 - LIMITS OF SATURATION VOLTAGES 
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FIGURE 3 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

FIGURE 4 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 

FIGURE 5 - SWITCHING TIME 
TEST CIRCUIT 
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MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Collector Current - Continuous IC 

Total Device Dissipation @ TA = 25'C Po 
Derate above 25'C 

Total Device Dissipation @ TC = 25'C Po 
Derate above 25'C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol 

Thermal Resistance, Junction to Ambient R6JA 

Thermal Resistance, Junction to Case R8JC 

2N3634 2N3636 
2N3635 2N3637 

-140 -175 

-140 -175 

-5.0 

-1.0 

1.0 
5.71 

5.0 
28.6 

-65 to +200 

Max 

175 

35 

Unit 

Vde 

Vde 

Vde 

Ade 

Watt 
mWrC 

Watts 
mWrC 

'c 

Unit 

'CIW 

'CIW 

2N3634 
thru 

2N3637 
CASE 79-04, STYLE 1 

TO-39 (TO-205AD) 

B 3eolleelor 

,~f{ ~-tQ-
GENERAL PURPOSE 

TRANSISTORS 

PNPSIUCON 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = -10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = -100 !<Adc, IE = 0) 

Emitter-Base Breakdown Voltage 
IE = -10 !<Ade, IC = 0) 

Collector Cutoff Current 
(VCB = -100 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = -3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -0.1 mAde, VCE = -10 Vde) 

(lC = -1.0 mAde, VCE = -10 Vde) 

(lC = -10 mAde, VCE = -10Vde)(l) 

(lC = -50 mAde, VCE = -10 Vde)(l) 

(lC = -150mAde,VCE = -10Vde)(l) 

Collector-Emitter Saturation Voltage(l) 
(lC = -10 mAde, IB = -1.0 mAde) 
(lC = -50 mAde, IB = -5.0 mAde) 

Base-Emitter Saturation Voltage(l) 
(lC = -10 mAde, IB = -1.0 mAde) 
(lC = -50 mAde, IB = -5.0 mAde) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(VCE = -30 Vde, IC = -30 mAde, f = 100 MHz) 

3-60 

2N3634, 2N3635 
2N3636, 2N3637 

2N3634, 2N3635 
2N3636, 2N3637 

2N3634, 2N3636 
·2N3635, 2N3637 

2N3634, 2N3636 
2N3635, 2N3637 

2N3634,2N3636 
2N3635, 2N3637 

2N3634, 2N3636 
2N3635, 2N3637 

2N3634, 2N3636 
2N3635, 2N3637 

2N3634, 2N3636 
2N3635, 2N3637 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

Min 

-140 
-175 

-140 
-175 

-5.0 

-

-

40 
80 

45 
90 

50 
100 

50 
100 

25 
50 

-
-

-
-0.65 

Max Unit 

Vde 
-
-

Vde 
-
-
- Vde 

-100 nAde 

-50 nAde 

-
-
-

-
-

-
-

150 
300 

-
-

Vde 
-0.3 
-0.5 

Vde 
-0.8 
-0.9 
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2N3634 thru 2N3637 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25"C unless otherwise noted) 

Characteristic 

Output Capacitance 
(VCB = -20 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = -1.0 Vdc, IC = 0, f = 1.0 MHz) 

Input Impedance 
(lC = -10 mAde, VCE = -10 Vdc, f = 1.0 kHz) 2N3634,2N3636 

2N3635, 2N3637 

Voltage Feedback Ratio 
(lC = -10 mAde, VCE = -10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain 
(lC = -10 mAde, VCE = -10 Vdc, f = 1.0 kHz) 2N3634, 2N3636 

2N3635, 2N3637 

Output Admittance 
(lc = -10 mAde, VCE = -10 Vdc, f = 1.0 kHz) 

Noise Figure 
(lc = -0.5 mAde, VCE = -10 Vdc, RS = 1.0 k ohms, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (VCC = -100 Vdc, VBE = 4.0 Vdc, 
i-T-ur-n-_O-ff-Ti-Im-e----i IC = -50 mAde, IBI = IB2 = -5.0 mAde) 

(1) Pulse Test: Pulse Width"" 300 p.s, Duty Cycle"" 2.0%. 

FIGURE 1 - JUNC110N CAPACITANCE VARIATIONS 
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./ 

Symbol Min Max Unit 

Cobo - 10 pF 

Cibo - 75 pF 

hie ohms 
100 600 
200 1200 

hre - 3.0 X 10-4 

hfe -
40 160 
80 320 

hoe - 200 p.mhos 

NF - 3.0 dB 

FIGURE 2 - GAIN-BANDWIDTH PRODUCT 
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IE, EMITTER CURRENT (rnA) 
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2N3634 thru 2N3637 
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FIGURE 3 - CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
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FIGURE 4 - CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 
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FIGURE 5 - CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
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2N3634 thru 2N3637 
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FIGURE 9 - CURRENT GAIN 
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FIGURE 10 - VOLTAGE FEEDBACK RATIO 
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FIGURE 11 - SATURATION VOLTAGES 

-1. 0 I I I 

i3F = 10 ./ 
I-- TJ = 25"C V 

-O.S 

VBE~ I--" ~'" 

J 
) 

-0.2 VCElsatl 

o 
-1.0 -2.0-3.0 -S.0-7.0-10 -20 -30 -50 -70-100 -200 

IC. COLLECTOR CURRENT ImAI 
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FIGURE 12 - TEMPERATURE COEFFICIENTS 
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FIGURE 13 - SWITCHING TIME TEST CIRCUIT 
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MAXIMUM RATINGS 

Characteristic Symbol Max Unit 

Collector-Emitter Voltage VCEO -60 Vdc 

Collector-Base Voltage VCBO -60 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous IC -50 mAde 

Total Device Dissipation @ TA = 25·C Po 0.36 Watt 
Derate above 25·C 2.06 mWrC 

Total Device Dissipation @ TC = 25·C Po 1.2 Watts 
Derate above 25·C 6.86 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 ·C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 0.49 ·C/mW 

Thermal Resistance, Junction to Case R8JC 0.15 ·C/mW 

ELECTRICAL CHARACTERISTICS ITA = 25·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = -10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = -10 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = - 10 pAdc, IC = 0) 

Collector Cutoff Current 
(VCB = -50 Vdc, IE = 0) 
(VCB = -50Vdc, IE = 0, TA = 150·C) 

Emitter Cutoff Current 
(VEB = -4.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = -1.0 pAdc, VCE = -5.0Vdc) 
(lC = -10 pAdc, VCE = -5.0Vdc) 
(lC = - 100 pAdc, VCE = -5.0 Vdc) 
(lc = -100 pAdc, VCE = -5.0 Vdc, TA = -55·C) 
(lc = - 500 pAdc, VCE = - 5.0 Vdc) 
(lc = -1.0 mAde, VCE = -5.0 Vdc) 
(lC = - 10 mAde, VCE = -5.0 Vdc)(l) 

Collector-Emitter Saturation Voltage 
(lc = - 100 pAdc, IB = -10 pAdc) 
(lC = -1.0 mAde, IB = -100I-tAdc) 

Base-Emitter Saturation Voltage 
(lC = - 100 I-tAdc, IB = - 10 I-tAdc) 
(lC = -1.0 mAde, IB = -100 pAdc) 

Base-Emitter On Voltage 
(lC = -100 pAdc, VCE = -5.0 Vdc) 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

VBE(on) 

2N3799* 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 

AMPLIFIER TRANSISTOR 

PNPSILICON 

*This is a Motorola 
designatad praferred device. 

Min Typ Max 

-60 - -
-60 - -
-5.0 - -

- - -0.01 
- - -10 

- - -20 

75 - -
225 - -
300 - -
150 - -
300 - 900 
300 - -
250 - -

- - -0.2 
- - -0.25 

- - -0.7 
- - -0.8 

- - -0.7 

Unit 

Vdc 

Vdc 

Vdc 

pAdc 

nAdc 

-

Vdc 

Vdc 

Vdc 
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ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(lc = -500 pAdc, VCE = -5.0 Vdc, f = 20 MHz) 
(lc = -1.0 mAdc, VCE = -5.0 Vdc, f = 100 MHz) 

Output Capacitance 
(VeB = -5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = -0.5 Vdc, Ie = 0, f = 1.0 MHz) 

Input Impedance 
(lC = -1.0 mAdc, VeE = -10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio 
(Ie = -1.0 mAdc, VeE = -10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain 
(lc = -1.0 mAdc, VCE = -10 Vdc, f = 1.0 kHz) 

Output Admittance 
(lc = -1.0 mAdc, VCE = -10 Vdc, f = 1.0 kHz) 

Noise Figure 
(lC = -100 pAdc, VCE = -10 Vdc, RG = 3.0 k ohms), 

f = 100 Hz, B.w. = 20 Hz 
Spot 

f = 1.0 kHz, B.W. = 200 Hz 
Noise 

f = 10 kHz, B.W. = 2.0 kHz 

f = 1.0 kHz 

(1) Pulse Test: Pulse W,dth .. 300 !£S, Duty Cycle .. 2.0% 
(2) fr is defined as the frequency at which Ihfel extrapolates to unity. 

SPOT NOISE FIGURE 
(VeE = 10 Vdc, TA = 25°C) 

fr 

Cobo 

eibo 

hie 

hre 

hfe 

hoe 

NF 

2N3799 

Min Typ Max Unit 

MHz 
30 - -
100 - 500 

- - 4.0 pF 

- - B.O pF 

10 - 40 kohms 

- - 25 X 10-4 

300 - 900 -

5.0 - 60 !£mhos 

dB 

- 2.5 4.0 

- 0.8 1.5 

- 0.8 1.5 

- 1.5 2.5 

FIGURE 1 - SOURCE RESISTANCE EFFECTS, f = 1.0 kHz FIGURE 2 - SOURCE RESISTANCE EFFECTS, f = 10 Hz 
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2N3799 

FIGURE 3 - FREQUENCY EFFECTS 
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MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Collector Current - Continuous IC 

Total Device Dissipation @ T A = 25°C Po 
Derate above 25°C 

Total Device Dissipation @ TC = 25°C Po 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

Value 

40 

60 

6.0 

200 

0.36 
2.06 

1.2 
6.9 

-65 to +200 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mWrC 

Watts 
mWrC 

°c 

2N3947* 
CASE 22-03, STYLE 1 

TO-18 (TO-206AA) 

3 Collector 

~~ 
3 1 Emitter 

GENERAL PURPOSE 
THERMAL CHARACTERISTICS TRANSISTOR 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case R6JC 0.15 °C/mW 

Thermal Resistance, Junction to Ambient R6JA 0.49 °C/mW 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lC = 10 mAde) 

Collector-Base Breakdown Voltage 
(lC = 10 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 !lAde, IC = 0) 

Collector Cutoff Current 
(VCE = 40 Vde, VEB = 3.0 Vde) 
(VCE = 40 Vde, VEB = 3.0 Vde, TA = 150°C) 

Base Cutoff Current 
(VCE = 40 Vde, VEB = 3.0 Vde) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 0.1 mAde, VCE = 1.0 Vde) 
(lC = 1.0 mAde, VCE = 1.0 Vde) 
(lC = 10 mAde, VCE = 1.0 Vde)(1) 
(lC = 50 mAde, VCE = 1.0 Vde)(1) 

Collector-Emitter Saturation Voltage(1) 
(IC = 10 mAde, IB = 1.0 mAde) 
(lC = 50 mAde, IB = 5.0 mAde) 

Base-Emitter Saturation Voltage(1) 
(lC = 10 mAde, IB = 1.0 mAde) 
(IC = 50 mAde, IB = 5.0 mAde) 

SMAll-SIGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product 
(lC = 10 mAde, VCE = 20 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Motorola Sma)l--Signal Transistors, FETs and Diodes Device Data 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

IBl 

hFE 

VCE(sat) 

VBE(sat) 

tr 

Cobo 

NPN SILICON 
*This Is a Motorola 

designated preferred device. 

Min Max 

40 -

60 -

6.0 -

- 0.010 
- 15 

- .025 

60 -
90 -
lOa 300 
40 -

- 0.2 
- 0.3 

0.6 0.9 
- 1.0 

300 -

- 4.0 

Unit 

Vde 

Vde 

Vde 

,lAde 

,lAde 

-

Vde 

-

MHz 

pF 
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2N3947 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Input Capacitance Cibo - 8.0 pF 
(VEB = 1.0 Vdc, IC = 0, f = 1.0 MHz) 

Input Impedance hie 2.0 12 kohms 
(lC = 1.0 mAo VCE = 10 V, f = 1.0 kHz) 

Voltage Feedback Ratio hre - 20 X 10-4 
(lC = 1.0 mA, VCE = 10 V, f = 1.0 kHz) 

Small-Signal Current Gain hfe 100 700 -
(lC = 1.0 mA, VCE = 10 V, f = 1.0 kHz) 

Output Admittance hoe 5.0 50 ,.mhos 
(lC = 10 mA, VCE = 10 V, f = 1.0 kHz) 

Collector Base Time Constant rb'Cc - 200 ps 
(lC = 10 mA, VCE = 20 V, f = 31.8 MHz) 

Noise Figure NF - 5.0 dB 
(lC = l00,.A, VCE = 5.0 V, Rg = 1.0 kfi, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time VCC = 3.0 Vdc, VBE = -0.5 Vdc td - 35 ns 

Rise Time IC = 10 mAdc, IBl = 1.0 mA tr - 35 ns 

Storage Time VCC = 3.0 V, IC = 10 mA, ts - 375 ns 

Fall Time IBl = IB2 = 1.0 mAdc tf - 75 ns 

(1) Pulse Test: PW .. 300 ,.s, Duty Cycle .. 2% 

TYPICAL SWITCHING CHARACTERISTICS 
(TA = 25°C unless otherwise noted) 
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FIGURE 1 - DELAY AND RISE TIME 
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FIGURE 2 - RISE TIME 
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FIGURE 3 - STORAGE AND FALL TIMES 
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FIGURE 6 - NOISE FIGURE VARIATIONS 
VCE = 5.0 V. TA = 25"C 

14 
I=IIIIC 

12 

~~ 
SOURCE RESISTANCE - 300 n 10 

\ Ie - o.5mA ~ 
V 

r- r-
r-r-. r- l- I- ~ 

~ 
::0 

~ 

i 
!J! 

, " ..... ['\ 
I' 

SOURCE RESISTANCE ~~ 
Ie 100,tA 

SOURCE RESISTANCE - 2K 

II 1111 Ie-SOIJA 

100 200 400 IK 2K 4K 10K 20K 40K lOOK 

I. FREQUENCY (Hz) 

100 200 400 

h PARAMETERS 
VCE = 10 V. TA = 25"C. f = 1.0 kc 

V/ 
VII 

le- O•SmA ~ J 
........ ~ I~I~ lOOIJA 

VV ~III II 
Illrii 
IIIII 

IK 2K 4K 10K 20K 40K lOOK 

R •• SOURCE RESISTANCE (0ItMS) 

FIGURE 7 - CURRENT GAIN FIGURE 8 - OUTPUT CAPACITANCE 

-~ -

0.1 0.2 O.S 1.0 2.0 S.O 10 
Ie. COll£CTOR CURRENT (mAcfc) 

FIGURE 9 - INPUT IMPEDANCE 

r--

i 
....... o 

....... 

0.1 0.2 O.S 1.0 2.0 S.O 10 

Ie. COI.l£CTOR CURRENT ImAdcI 

100 

70 

SO 

10 

10 

1.0 

0.7 

O.S 

0.1 

0.1 

V 
./ 

./ 
./ 

r-

0.2 O.S 1.0 2.0 S.O 10 

Ie. COI.l£CTOR CURRENT (mAdel 

FIGURE 10 - VOLTAGE FEEDBACK RATIO 

..... 

" ....... j 

0.2 O.S 1.0 2.0 S.O 10 

Ie. COlLECTOR CURRENT (mAde) 

3-72 Motorola Small-Signal Transistors, FETs and Diodes Device Data 



·500 

300 

~ 
200 

ts 
Ii:!i 
B '100 

1 
70 

SO 

30 

10 

7.0 

S.O 

i 4.0 

! I 3.0 

2.0 

1.0 

1.0 

;i 0.8 .I 
~ 
i 0.6 
15 
~ 
i! .. 0.4 

I 
J 0.2 

2N3947 

RGURE 11 - CURRENT GAIN CHARACTERISTICS 
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FIGURE 15 - "ON" VOLTAGES 
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MAXIMUM RATINGS 

Rating Symbol 2N3964 2N3963 

Collector-Emitter Voltage VCEO -45 -80 

Collector-Base Voltage VCBO -45 -80 

Emitter-Base Voltage VEBO -6.0 

Collector Current - Continuous IC -200 

Total Device Dissipation PD 
@TA=25·C 0.36 
Derate above 25·C 2.06 

Total Device Dissipation PD 
@TC = 25·C 1.2 
Derate above 25·C 6.85 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 486 

Thermal Resistance, Junction to Case R8JC 146 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = -5.0 mAl 2N3963 

2N3964 

Collector-Emitter Breakdown Voltage 
(lc = -10 !£ft.) 2N3963 

2N3964 

Collector-Base Breakdown Voltage 
(lc = -10 !£ft.) 2N3963 

2N3964 

Emitter-Base Breakdown Voltage 
(IE = -10!£ft. 

Collector Cutoff Current 
(VCE = -40V) 2N3964 
(VCE = -70V) 2N3963 

Collector Cutoff Current 
(VCE = -70V) 2N3963 
(VCE = -40V) 2N3964 

Emitter Cutoff Current 
(VEB = -4.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = -10 !£ft., VCE = -5.0 V) 2N3963 

2N3964 

(lc = -100 !£ft., VCE = -5.0 V) 2N3963 
2N3964 

(lc = -1.0 mA, VCE = -5.0) 2N3963 
2N3964 

(lc = -10 !£ft., VCE = -5.0, TA = -55·C) 2N3963 
2N3964 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

Unit 

V 

V 

V 

mA 

Watt 
mWI"C 

Watts 
mWI"C 

·C 

Unit 

·CIW 

·CIW 

2N3963,2N3964* 
CASE 22-03, STYLE 1 

TO-18 (TO-206AA) 

II 3 Collector 

a" .:..~~, 
AMPLIFIER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR) CES 

V(BR)CBO 

V(BR)EBO 

ICBO 

ICES 

lEBO 

hFE 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N3799 for graphs. 

Min Max 

-80 -
-45 -

-80 -
-45 -

-80 -
-45 -
-6.0 -

- -10 
- -10 

- -10 
- -10 

- -10 

100 300 
250 500 

100 -
250 -
100 450 
250 600 

40 -
100 -

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

nAdc 

-

(continued) 
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2N3963, 2N3964 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25·C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

DC Current Gain continued 
(lC = -1.0 mA, VCE = -5.0 V, TA = 100·CIl 2N3963 - 600 

2N3964 - 800 

(lc = -1.0 !lA, VCE = -5.0 V) 2N3963 60 -
2N3964 180 -

(lc = -10 !lA, VCE = -5.0 V) 2N3963 100 -
2N3964 200 -

(lc = -50 mA, VCE = -5.0)(1) 2N3963 90 -
2N3964 180 -

(lc = -50 mA, VCE = -5.0, TA = -55·C)(I) 2N3963 45 -
2N3964 90 -

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = -10 mA, IB = -0.5 mA)(1) - -0.25 V 
(lC = -50 mA, IB = -5.0 mA)(I) - -0.4 V 

Base-Emitter Saturation Voltage VBE(sat) 
(lc = -10 rnA, IB = -0.5 mA)(I) - 0.9 V 
(lc = -50 mA, IB = -5.0 mA)(I) - 0.95 V 

SMALL-SIGNAL CHARACTERISTICS 

Ouput Capacitance Cobo - 6.0 pF 
(VCB = -5.0 V, f = 1.0 MHz) 

Input Capacitance Cibo - 15 pF 
(VEB = -0.5 V, f = 1.0 MHz) 

Input Impedance hie kO 
(IC = -1.0 rnA, VCE = -5.0 V, f = 1.0 kHz) 2N3963 2.5 17 

2N3964 6.0 20 

Voltage Feedback Ratio hre - 10 10-4 
(lc = -1.0 rnA. VCE = -5.0, f = 1.0 kHz) 

Small Signal Current Gain hfe 
(lC = -1.0 rnA. VCE = -5.0 V, f = 1.0 kHz) 2N3963 100 550 -

2N3964 250 700 -
Magnitude of Forward Current Transfer Ratio. Common-Emitter Ihfel 

(lC = -0.5 rnA, VCE = -5.0 V, f = 20 MHz) 2N3963 2.0 8.0 -
2N3964 2.5 8.0 -

Output Admittance hoe !£mhos 
(lC = -1.0 rnA, VCE = -5.0, f = 1.0 kHz) 2N3963 5.0 40 

2N3964 5.0 50 

Noise Figure NF dB 
(lC = -20 rnA, VCE = -5.0 V, BW = 15.7 kHz) 2N3963 - 3 

2N3964 - 2 

(lc = -20 !lA, VCE = -5.0 V, BW = 1.5 kHz, 2N3963 - 3 
f = 10 kHz, RS = 10 kO) 2N3964 - 2 

(lc = -20 !lA, VCE = -5.0 V, BW = 150 Hz, 2N3963 - 3 
f = 1.0 kHz, RS = 10 kil) 2N3964 - 2 

(lc = -20 !lA, VCE = -5.0 V, BW = 15 Hz, 2N3963 - 10 
f = 100 Hz, RS = 10 hO) 2N3964 - 4 

(lc = -20 !lA, VCE = -5.0 V, BW = 2.0 Hz, 2N3964 - 8 
f = 10 Hz, RS = 10 kil) 

(1) Pulse Test: Pulse Width", 300 !£S, Duty Cycle'" 2.0%. 
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MAXIMUM RATINGS 

Rating Symbol 2N4014 Unit 

Coliector·Emitter Voltage VCEO 40 Vde 

Collector· Base Voltage VCBO 80 Vde 

Emitter-Base Voltage VEBO 6.0 Vde 

Collector Current - Continuous IC 1.0 Ade 
-Peak 2.0 

Total Device Dissipation @ TA = 25"C PD 0.5 Watts 
Derate above 25"C . 2.86 mWrC 

Total Device Dissipation @ TC = 25"C PD 1.4 Watts 
Derate above 25"C 8.0 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 "C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 350 "CIW 

Thermal Resistance, Junction to Case R8JC 125 "CIW 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage (1) V(BR)CEO 
(lC = 10 mAdc,lB = 0) 

Coliector·Emitter Breakdown Voltage V(BR)CES 
(lC = 10 ,..Adc, VBE = 0) 

Coliector·Base Breakdown Voltage V(BR)CBO 
(lC = 10,..Adc, IE = 0) 

Emitter·Base Breakdown Voltage V(BR)EBO 
(IE = 10 ,..Adc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 60 Vdc, IE = 0) 
(VCB = 60 Vde, IE = 0, TA = 100"C) 

Collector Cutoff Current ICES 
(VCE = BO Vde, VEB = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
(lC = 10 mAde, VCE = 1.0 Vdc) 
(lC = 100 mAde, VCE = 1.0 Vdc) 
(lC = lOa mAde, VCE = 1.0 Vdc, TA = -55"C) 
(lC = 300 mAde, VCE = 1.0 Vdc) 
(lC = 500 mAde, VCE = 1.0 Vdc) 
(lC = 500 mAde, VCE = 1.0 Vdc, TA = -55"C) 
(lC = BOO mAde, VCE = 2.0 Vdc) 
(lC = 1.0 Adc, VCE = 5.0 Vdc) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

2N4014 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 

It .~()'-
3 2 1 1 Emitter 

SWITCHING TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

40 - - Vdc 

80 - - Vdc 

80 - - Vdc 

6.0 - - Vdc 

,..Ade 
- 0.12 1.7 
- - 120 

- 0.15 10 ,..Ade 

-
30 - -
60 - 150 
30 - -
40 - -
35 - -
20 - -
20 - -
25 - -

(continued) 
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ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min 

Collector-Emitter Saturation Voltage VCE(sat) 
(lc = 10 mAde, IB = 1.0 mAde) -
(lC = 100 mAde, IB = 10 mAde) -
(lC = 300 mAde, IB = 30 mAde) -
(lC = 500 mAde, IB = 50 mAde) -
(lC = 800 mAde,lB = 80 mAde) -
(lC = 1.0 mAde, IB = 100 mAde) -

Base-Emitter Saturation Voltage VBE(sat) 
(lc = 10 mAd~, IB = 1.0 mAde) -
(lC = 100 mAde, IB = 10 mAde) -
(lC = 300 mAde, IB = 30 mAde) -
(lC = 500 mAde, IB = 50 mAde) 0.8 
(lC = 800 mAde,lB = 80 mAde) -
(lc = 1.0 Ade, IB = 100 mAde) -

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) fT 300 
(lc = 50 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance Cobo -
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo -
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = 30 Vde, VBE(off) = 3.8 Vde, Id -
Rise Time IC = 500 mAde, IBI = 50 mAde) 

tr -
(Figures 8,10) 

Storage Time (VCC = 30 Vde, IC = 500 mAde, ts -
Fall Time IBI = IB2 = 50 mAde) tf -

(Figures 9,10) 

Turn-On Time (Vce = 30 Vde, VBE(off) = 3.8 Vde, ton -
IC = 500 mAde, IBI = 50 mAde) 
(Figures 8, 10) 

Turn-Off Time (VCC = 30 Vde, IC = 500 mAde, toff -
IBI = IB2 = 50 mAde) 
(Figures 9, 10) 

(1) Pulse Test: Pulse Width = 300 fJ.$, Duty Cycle = 1.0%. 
(2) fT = Ihfel' ftest. . 

FIGURE 1 - ACTIVE·REGION SAFE OPERATING AREA 
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VCE. COLLECTOR·EMITTER VOLTAGE (VOLTSI 

Typ Max Unit 

Vdc 
0.17 0.25 
0.19 0.26 
0.25 0.40 
0.30 0.52 
0.43 0.80 
0.55 0.95 

Vde 
- 0.76 
- 0.86 
- 1.1 
- 1.1 
- 1.5 
- 1.7 

- - MHz 

- 10 pF 

- 55 pF 

5.0 10 ns 

15 30 

30 50 ns 

20 25 ns 

20 35 ns 

50 60 ns 
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TYPICAL DC CHARACTERISTICS 

FIGURE 2 - DC CURRENT GAIN 
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FIGURE 5 - TEMPERATURE COEFFICIENTS 
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TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 6 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 7 - CAPACITANCE 
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FIGURE 8 - TURN·ON TIME 
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MAXIMUM RATINGS 
Rating Symbol 2N4032 2N4033 

Collector-Emitter Voltage VCEO -60 -80 

Collector-Base Voltage VCBO -60 -80 

Emitter-Base Voltage VEBO -5.0 -5.0 

2N4032 2N4033 

Collector Current - Continuous IC -1.0 

Total Device Dissipation @ T A = 25"C PD 0.8 
Derate above 25"C 4.S6 

Total Device Dissipation @ TC = 2S"C PD 4.0 
Derate above 25"C 22.8 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R/IJA 140 

Thermal Resistance, Junction to Case R/lJC 25 

ELECTRICAL CHARACTERISTICS (T A = 25"C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = -10mA) 2N4032 

2N4033 

Collector-Base Breakdown Voltage 
(lC = -10 pAl 2N4032 

2N4033 

Emitter-Base Breakdown Voltage 
(IE = -10pA) 

Collector Cutoff Current 
(VCB = -SOV) 2N4032 
(VCB = -60V) 2N4033 
(VCB = -50 V, TA = 150"C) 2N4032 
(VCB = -60 V, TA = 150"C) 2N4033 

Emitter Cutoff Current 
(VEB = -5.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -100 mA, VCE = -5.0 V,@ -55"C)(1) 2N4032,33 

(lc = -100pA,VCE = -5.0V) 2N4032,33 

(lc = -100 mA, VCE = -5.0 V)(l) 2N4032,33 

(lc = -500 mA, VCE = -5.0 V)(l) 2N4032,33 

(lc = -1.0 A, VCE = -5.0 V)F(l) 2N4032 
2N4033 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

W 
mWrC 

W 
mWrC 

"C 

Unit 

"CIW 

"CIW 

2N4032 
2N4033 

CASE 79-04, STYLE 1 
TO-39 (TO-205ADI 

3 Collector 

.:~ ,1/1 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

1 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 

Refer to 2N4405 for graphs. 

Min Max 

-60 -
-80 -
-60 -
-80 -
-5.0 -

- -50 
- -SO 
- -50 
- -50 

- -10 

40 -
75 -
100 300 

70 -
40 -
25 -

Unit 

V 

V 

V 

nA 

pA 

pA 

-
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2N4032 2N4033 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Emitter Saturation Voltage(1) VCE(sat) V 
(lc = -150 mA.IB = -15 rnA) - -0.15 
(lC = -500 rnA. IB = -50 rnA) - -0.50 
(lc = -1.0 A,IB = -100 rnA) 2N4032 - -1.0 

Base-Emitter Saturation Voltage(1) VBE(sat) - -0.9 V 
(lC = -150 mA,lB = -15 rnA) 

Base-Emitter On Voltage VBE(on) V 
(lC = -1.0 A, VCE = -1.0V) 2N4032 - -1.2 
(lC = -500 rnA. VCE = -0.5 V)(l) - -1.1 

SMALL-8IGNAL CHARACTERISTICS 

Ouput Capacitance Cobo - 20 pF 
(VCE = -10 V, f = 1.0 MHz) 

Input Capacitance Cibo - 110 pF 
(VEB = -0.5 V, f = 1.0 MHz) 

Small Signal Current Gain hfe 1.5 5.0 -
(lC = -50 rnA, VCE = -10 V, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time ts - 350 ns 
(lC = -500 rnA. IBl = IB2 = -50 rnA) 

Turn-On TIme ton - 100 ns 
(lC = -500 mA,IBl = -50 rnA) 

Fall TIme tf - 50 ns 
(Ie = -500 rnA, IBl = IB2 = -50 rnA) 

(1) Pulse Width .. 300 /Ls, Duty Cycle .. 2.0%. 
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MAXIMUM RAnNGS 
Rating Symbol 2N4036 2N4037 

Collector-Emitter Voltage VCEO -65 -40 

Collector-Base Voltage VCBO -90 -60 

Emitter-Base Voltage VEBO -7.0 -7.0 

Base Current IB -0.5 

Collector Current - Continuous IC -1.0 

Continuous Power Dissipation PD 
at or Below T C = 25·C 5.0 5.0 
Linear Derating Factor 28.6 28.6 

Continuous Power Dissipation PD 
at or Below T A = 26·C 1.0 1.0 
Linear Derating Factor 5.72 5.72 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

Lead Temperature TL 230 
1/16" from Case for 10 Seconds 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (lc = -100 mAde, IB = 0)(1) 

Collector-Base Breakdown Voltage (lC = -0.1 mAde) 

Collector Cutoff Current (VCE = -85 V, VEB = -1.5 V) 
(VCE = -30 V, VEB = -1.5 V, TC = 150·C) 

Collector Cutoff Current (VCB = -90 V, IE = 0) 
(VCB = -60 V, IE = 0) 

Emitter Cutoff Current (VEB = -7.0 Vdc, IC = 0) 
(VEB = -5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (lC = -0.1 mAde, VCE = -10 V) 
(lC = -1.0 mAde, VCE = -10 V) 

(lC = -150mAde,VCE = -10V)(I) 

(lC = -150 mAde, VeE = -2.0V)(I) 

(lc = -500 mAde, VCE = -10V)(I) 

Collector-Emitter Saturation Voltage (lC = -150 mA, IB = -15mA)(I) 

Base-Emitter Saturation Voltage (lC = -150 mA, IB = -15 mA)(I) 

Base-Emitter On Voltage (lC = -150mA,VCE = -10V)(I) 

SMALL-5IGNAL CHARACTERISTICS 

Collector-Base Capacitance (VCB = -10 V, f = 1.0 MHz) 

Current Gain - High Frequency 
(Ie = -50 mA, VCE = -10 V, f = 20 MHz) 

SWITCHING CHARACTERISTICS 

Rise Time (lBl = -15 mAl 

Storage Time (lB2 = -15 mAl 

Fall Time (lB2 = -15 mAl 

Turn-On TIme (lBl = IB2) 

Turn-Off Time (lBl = IB2) 

(1) Pulse Width'" 300 p.o, Duty Cycle .. 2.0% 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Ade 

Watts 
mWrC 

Watts 
mWrC 

·C 

·C 

Symbol 

2N4036 VCEO(sus) 
2N4037 

2N4037 VCBR)CBO 

2N4036 ICEX 
2N4037 

2N4036 ICBO 
2N4037 

2N4036 lEBO 
2N4037 

2N4036 hFE 
2N4037 

2N4036 
2N4037 

2N4036 

2N4036 

2N4036 VCE(sat) 
2N4037 

2N4036 VBE(sat) 

2N4037 VBE(on) 

2N4037 I Ccb 

2N4036 I Ihfel 
2N4037 

2N4036 tr 

2N4036 ts 

2N4036 tf 

2N4036 ton 

2N4036 toft 

2N4036 
2N4037 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 

GENERAL PURPOSE 
TRANSISTORS 

PNPSILICON 

Min Max 

-65 -
-40 -
-60 -
- -0.1 
- -100 

- -1.0 
- -0.25 

- -10 
- -1.0 

20 -
15 -

40 140 
50 250 

20 200 

20 -
- -0.65 
- -1.4 

- -1.4 

- -1.5 

I - 30 I 

I 3.0 - I 3.0 10 

- 70 

- 600 

- 100 

- 110 

- 700 

Unit 

Vde 

Vde 

mAde 

IlAde 

IlAdc 

-

V 

V 

V 

pF 

-

ns 

ns 

ns 

ns 

ns 
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FIGURE 1 - CURRENT GAIN CHARACTERISTICS versus 
COLLECTOR-EMITTER VOLTAGE 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO -80 

Collector-Base Voltage VCBO -80 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -1.0 

Total Device Dissipation @ TA = 25°C Po 1.25 
Derate above 25°C 7.15 

Total Device Dissipation @ TC = 25°C Po 8.75 
Derate above 25°C 50 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 140 

Thermal Resistance, Junction to Case R8JC 20 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) (lC = -10 mAde, IB = 0) 

Collector-Base Breakdown Voltage (lC = -10 /LAde, IE = 0) 

Emitter-Base Breakdown Voltage (IE = -10 /LAde, IC = 0) 

Collector Cutoff Current (VCB = -60 Vdc, IE = 0) 

Emitter Cutoff Current (VEB = - 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -0.1 mAde, VCE = -5.0 Vde) 
(lC = -10 mAde, VCE = -5.0 Vde)(l) 
(lC = -150 mAde, VCE = -5.0 Vde)(l) 
(lC = -500 mAde, VCE = -5.0 Vde)(l) 

Collector-Emitter Saturation Voltage 
(lC = -10 mAde, IB = -1.0 mAdc)(l) 
(lC = -150 mAde, IB = -15 mAdc)(l) 
(lc = -500 mAde, IB = -50 mAde)(l) 

Base-Emitter Saturation Voltage 
(lc = -10 mAde, IB = -1.0 mAde)(l) 
(lC = -500 mAde, IB = -50 mAde)(l) 

Base-Emitter On Voltage 
(lC = -150 mAde, VCE = -1.0 Vdc)(l) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = -50 mAde, VCE = -20 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(lC = -10 Vdc, IE = O,f = 1.0 MHz) 

Emitter-Base Capacitance 
(VEB = -0.5 Vdc, IC = 0, f = 1.0 MHz) 

Motorola Small-Signal TranSistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mWrC 

Watts 
mWrC 

°c 

Unit 

0c/w 

°crw 

2N440S 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 

" ~-©'-
2 1 1 Emlner 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

VBE(on) 

tr 

Ccb 

Ceb 

GENERAL PURPOSE 
TRANSISTORS 

PNPSIUCON 

Min Max 

-80 -
-80 -
-5.0 -
- -25 

- -25 

75 -
100 -
100 -
50 -

- -0.15 
- -0.2 
- -0.5 

- -0.8 
-0.85 -1.2 

- -o.g 

200 600 

- 10 

- 75 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAde 

-

Vde 

Vdc 

Vdc 

MHz 

pF 

pF 
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2N4405 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25"<: unless otherwise noted.) 

I Characteristic I Symbol Min 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = -30 Vde, VBE(off) = +2.0 Vde, td -
RiseTime Ie = -500 mAde, IBI = -50 mAde) tr -
Storage Time (Vee = -30 Vde, Ie = -500 mAde, ts -
Fall Time IBI = IB2 = -50 mAde) tf -

(1) Pulse Test: Pulse Width .. 300 p,s, Duty Cycle .. 2.0%. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 1 - TURN·ON FIGURE 2 - TURN·OFF 

+2.0Vjf 0- -

-10.S5 V 

PULSE WIDTH = 200 n, 
RISE TIME ~ 2.0 ns 
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-30 V 

ill 
2 <'I <500j.lS 

RC 59 n I I 
'2<5.0 n, 

'3 > 1.0 I1S 

SCOPE 
o -- I-t OUTY CYCLE = 2.0% 

I I 
l'.2V I I 200 u 

~~'J~ RS 

'2 I--- lN91S 

200 n 

To obtain data for curvas. voltage levels are approximately as shown, Ra and RC are varied. +3.0 V 

TRANSIENT CHARACTERISTICS 
25·C 100·C 

Max 

15 

25 
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35 

-JOV 

RC 59 !l 

FIGURE 3 - CAPACITANCES FIGURE 4 - CHARGE DATA 
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2N4405 

FIGURE 7 - STORAGE TIME FIGURE 8 - FALL TIME 
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SMALL·SIGNAL CHARACTERISTICS 
NOISE FIGURE 

VCE = 10 Vdc, TA = 25°C 

RGURE 9 - FREQUENCY EFFECTS FIGURE 10 - SOURCE RESISTANCE EFFECTS 

IIII I I I j 
Ie = -1.0 mA, Rs = 100 

-100 I'A. RS ; = 680 

~ -10 I'A. RS = 7.0 k ohms 

'I I IIIIIII 
RS = Optimum Source Resistance 

~ 

""" 

10 

9.0 

B.O 

~ 7.0 
w 
g; 6.0 

'" 
~ 5.0 

;:; 4.0 
Z 

~~ 3.0 

\ I IIII V 
IW~ / 

~I 1I 
,I J / 

~. -100,.A 1\ / 

" " V 
f-'r-... f-" 

IL 

~ 

z 2.0 2.0 

1. 
\ 1 = 1.0 kHz 

1.0 0 'e=-1.0mA 
IIII I I I 1 1 

0.01 0.020.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 50 100 200300 500 1.0k 2.0k 3.0k 5.0k 10k 20k 30k 50k 

300 

200 

Z 
;;: 100 
'" >-
~ 70 
'" ~ 50 

30 

-IUNlt 

f. FREQUENCY (kHz) RS' SOURCE RESISTANCE (ohms) 

h PARAMETERS 
VCE = 10 Vdc, f = 1.0 kHz, TA = 25°C 

This group of graphs illustrates the relationship of the "h" parameters for this series of transistors. To obtain these 
curves, 4 units were selected and identified by number - the same units were used to develop curves on each graph. 

FIGURE 11 - CURRENT GAIN RGURE 12 -INPUT IMPEDANCE 
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FIGURE 14 - OUTPUT ADMITTANCE 
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RATINGS AND THERMAL DATA 

FIGURE 19 - SAFE OPERATING AREA 

" "-
dC~ 1.0ms 

0.1 ms 

The safe operating area curves indicate le·VeE 
limits of the transistor that must be observed for re­
liable operation. Collector load lines for specific cir­
cuits must fall below the limits indicated by the ap­
plicable curve. 

" TJ = 200·C _" 
SECONDARY BREAKDOWN LIMITED 

:" 
The data of Figure 19 is based upon TJ(pk) = 

20DoC; T C is variable depending upon conditions. 

Pulse curves are valid for duty cycles to 10% pro­
vided TJ(pk) ::; 200·C. TJ(pk) may be calculated 
from the data in Figure 20. At high case tempera­
tures, thermal limitations will reduce the power that 
can be handled to values less than the limitations im­
posed by second breakdowrl. 

----- BONDING WIRE LIMITED --- THERMALLY LIMITED 
TC = 25·C (SINGLE PULSE) 
CURVES APPLY BELOW 

RATED VCEO 

-1.0 -2.0 -3.0 -5.0 -7.0 -10 -20 -30 -50 -70-100 
VCE' COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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MAXIMUM RATINGS 

Rating Symbol Valua 

Collector-Emitter Voltage VCBO -80 

Collector-Base Voltage VCEO -80 

Emitter-Base Voltage VEBO -5.0 

'Collector Current - Continuous' IC -2.0 

Total Device Dissipation @ T A = 25'C* Po 1.25 
Derate above 25'C 7.15 

Total Device Dissipation @ TC = 25'C* Po 8.75 
Derate above 25'C 50 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 i 
THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 140 

Thermal Resistance to Case R8JC 20 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) (lC = -10 mAde, IB = 0) 

Collector-Base Breakdown Voltage (lC = -10 pAde, IE = 0) 

Emitter-Base Breakdown Voltage (IE = -10 pAde, IC = 0) 

Collector Cutoff Current (VCB = -60 Vde, IE = 0) 

Emitter Cutoff Current (VEB = -3.0 Vde, IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lC = -10 mAde, VCE = -5.0 Vde) 
(lC = -150 mAde, VCE = -5.0 Vde) 
(lC = -500 mAde, VCE = -5.0 Vde) 
(lC = -1.0 Ade, VCE = -5.0 Vde) 
(lC = -1.5 Ade, VCE = -5.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = -150 mAde, IB = -15 mAde) 
(lC = -500 mAde, IB = -50 mAde) 
(lC = -1.0Ade,IB = -100 mAde) 
(lC = -1.5Ade,IB = -150 mAde) 

Base-Emitter Saturation Voltage 
(lC = -150 mAde, IB = -15 mAde) 
(lC = -1.0Ade,IB = -100 mAde) 
(lC = -1.5Ade,IB = -150 mAde) 

Base-Emitter On Voltage 
(lC = -500mAde,VCE = -1.0Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -50 mAde, VCE = -20 Vde, f = 100 MHz) 

Collector-Base Capacitance (VCB = -10 Vde, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance (VEB = -0.5 Vde, IC = 0, f = 1.0 MHz) 
(1 I Pulse Test: Pulse WIdth" 300 p.s, Duty Cycle" 2.0%. 
*Indicates Data in addition to JEDEC Requirements. 

Unit 

Vde 

Vde 

Vde 

Amps 

Watts 
mWf'C 

Watts 
mWf'C 

·C 

Unit 

'CIW 

'CIW 

2N4407 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 

if) ~-©"~o, 
3 ~ I[ 1 Emitter 

Symbol 

V(BR)CEO 

V(BR)CBO 

VIBRIEBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

VBE(on) 

fT 

Ceb 

Ceb 

GENERAL PURPOSE 
TRANSISTOR 

PNPSILICON 

Min Max 

-80 -
-80 -
-5.0 -
- -25 

- -25 

80 -
80 -
80 240 
30 -
10 -

- -0.2 
- -0.4 
- -0.7 
- -1.5 

- -0.9 
-0.9 -1.3 
- -1.5 

- -1.0 

150 750 

- 15 

- 160 

Unl 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 

Vde 

MHz 

pF 

pF 
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2N4407 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25"C unless otherwise noted.) 

Characteristics I Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = -30 Vdc. VSE(off) = +2.0 Vdc. td - 15 ns 

Rise TIme IC= -1.0Adc.ISl = -100mAdc) tr - 60 ns 

Storage TIme (VCC = -30 Vdc.IC = -1.0 Adc. ts - 175 ns 

Fall TIme ISl = IS2 = -100 mAdc) tf - 50 ns 

STATIC CHARACTERISTICS 
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FIGURE 3 - "ON" VOLTAGES 
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FIGURE 5 - SAFE OPERATING AREA 
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FIGURE 2 - COLLECTOR SATURATION REGION 

"' -1.0 
':; II II I I TJ = 25"C -looomA 
c 
> -100mA 
;:;; -0.8 

Ie - -10mA -500mA 

1\ '" 
~ 
c 
ffi -0.6 1\ 

\ 
~ 
~ .r: -OA 

\ c 

\ ~ .... '" 
S -0.2 i' 
~ 
> 0 

G 

3: 
.§ ... 
~ 
u 

~ 
c ..., 

-0.1 -0.2 -0.5 -1.0 -2.0 -5.0 -10 -20 -50 -100 
lB. BASE CURRENT (mAl 

FIGURE 4 - TEMPERATURE COEFFICIENTS 
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The safe operating area curves indicate IC-VCE limits of the 
transistor that must be observed for reliable operation. Collector 
load lines for specific circuits must fall below the limits indicated 
by the applicable curve. 

The data of Figure 5 is based upon TJ(pk) = 200"C; TC is 
variable depending upon conditions. Pulse curves are valid for 
duty cycles to 10% provided T J(pk) '" 200"C. At high case tem­
peratures. thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. 
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MAXIMUM RATINGS 
Rating Symbol 2N4931 

Collector-Emitter Voltage VCEO -250 

Collector-Base Voltage VCBO -250 

Emitter-Base Voltage VEBO -4.0 

Collector Current - Continuous IC -50 

Total Device Dissipation @ T A = 25°C PD 1.0 
Derate above 25°C 5.71 

Total Device Dissipation @ TC = 25°C PD 5.0 
Derate above 25°C 28.6 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R/IJA 175 

Thermal Resistance, Junction to Case R/lJC 35 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = -10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(IE = 0, IC = -100 pAde) 

Emitter-Base Breakdown Voltage 
(IE = -100 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = -150 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = -3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = -1.0mAde,VCE = -10Vde) 
(lc = -10mAde,VCE = -10Vde)(1) 
(lc = -30mAde,VCE = -10Vde)(1) 

Collector-Emitter Saturation Voltage(l) 
(lC = -10 mAde, IB = -1.0 mAde) 

Base-Emitter On Voltage 
(lC = -10mAde,VCE = -10Vde) 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mWrC 

Watt 
mWrC 

°c 

Unit 

°CIW 

°CIW 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

2N4931 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 

GENERAL PURPOSE 
TRANSISTOR 

PNPSIUCON 

Min Max 

-250 -

-250 -

-4.0 -

- -1.0 

- -1.0 

20 200 
20 -
20 -
- -5.0 

- -1.0 

Unit 

Vde 

Vde 

Vde 

pAde 

pAde 

-

Vde 

Vde 
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2N4931 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

I Characteristic I Symbol Min Max Unit 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 20 200 MHz 
(lc = -20 mAdc, VCE = -20 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb - 20 pF 
(VCB = -20 Vdc, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance Ceb - 400 pF 
(VEB = -0.5 Vdc,IC = 0, f = 1.0 MHz) 

(11 Pulse Test: Pulse Width .. 300 p.S, Duty Cycle .. 2.0%. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 300 Vde 

Collector-Base Voltage VCBO 300 Vde 

Emitter-Base Voltage VEBO 6.0 Vde 

Collector Current - Continuous IC 50 mA 

Total Device Dissipation @ TA = 25°C PD 500 mW 
Derate above 25°C 2.86 mWrC 

Total Device Dissipation @ T A = 25°C PD 1.8 Watts 
Derate above 25°C 10.3 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 350 0c/w 

Thermal Resistance, Junction to Case R8JC 97 0c/w 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 0.1 mAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.1 mAde, IC = 0) 

Collector Cutoff Current 
(VCB = 200 Vde) 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -1.0 mAde, VCE = 10 Vde) 
(lC = 10 mAde, VCE = 10 Vde)(l) 
(lC = 30 mAde, VCE = 10 Vde)(1) 

Collector-Emitter Saturation Voltage 
(lC = 20 mAde, IB = 2.0 mAde)(l) 

Ba54-Emitter Saturation Voltage 
(lC = 20 mAde, IB = 2.0 mAde)(l) 

SMALL-8IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 10 mAde, VCE = 20 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 20 Vde, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width .. 300 ps, Duty Cycle .. 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 
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Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

tr 

Ceb 

2N6431* 

CASE 22·03, STYLE 1 
TO·18 (TO·206AA) 

3 Collector 

.~~ 
1 Emitter 

GENERAL PURPOSE 
TRANSISTOR 

NPNSILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

300 -

300 -
6.0 -

- 0.1 

- 0.1 

25 -
40 -
50 200 

- -0.5 

- 0.9 

50 500 

- 4.0 

Unit· 

Vde 

Vde 

Vde 

pAde 

pAde 

-

Vde 

Vde 

MHz 

pF 
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MAXIMUM RATINGS 
Rating Symbol 2N6433 

Collector-Emitter Voltage VCEO -300 

Collector-Base Voltage VCBO -300 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -500 

Total Device Dissipation @ TA = 25°C Po 500 
Derate above 25°C 2.86 

Total Device Dissipation @ TC = 25°C Po 1.8 
Derate above 25°C 10.3 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R/iJA 350 

Thermal Resistance, Junction to Case R/iJC 97 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc = -1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage 
(lc = -0.1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -0.1 mAdc, IC = 0) 

Collector Cutoff Current 
(VCB= -200 Vdc) 

Emitter Cutoff Current 
(VEB = - 3.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = -1.0 mAdc, VCE = -10 Vdc) 
(lc = -10 mAdc, VCE = -10Vdc)(1) 
(lC = -30 mAdc, VCE = -10 Vdc)(l) 

Collector-Emitter Saturation Voltage 
(lC = -20 mAdc, IB = -2.0 mAdc)(l) 

Base-Emitter Saturation Voltage 
(lC = -20 mAdc,lB = -2.0 mAdc)(l) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -10 mAdc, VCE = -20 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = -20 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width.;; 300 ",5, Duty Cycle.;; 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mA 

mW 
mWrC 

Watts 
mWrC 

°c 

Unit 
0c/w 

0c/w 

2N6433* 
CASE 22-03, STYLE 1 

TO-18 (TO-206AA) 

II 3 Collector 

'" ~~-

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

IT 

Ccb 

GENERAL PURPOSE 
TRANSISTOR 

PNPSIUCON 

*This Is a Motorola 
designated preferred device. 

Min Max 

-300 -
-300 -

-5.0 -
- -0.25 

- -0.1 

25 -
40 -
30 150 

- -0.5 

- -0.9 

50 500 

- 6.0 

Unit 

Vdc 

Vdc 

Vdc 

/lAdc 

/lAdc 

-

Vdc 

Vdc 

MHz 

pF 
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MAXIMUM RATINGS 

Rating Symbol Be Be Be 
107 108 10ge 

Collector-Emitter Voltage VCEO 45 25 25 

Collector-Base Voltage VCBO 50 30 30 

Emitter-Base Voltage VEBO 6 5 5 

Collector Current - Continuous IC 0.2 

Total Device Dissipation @ TA = 25°C Po 0.6 
Derate above 25°C 3.43 

Total Device Dissipation @ T C = 25°C Po 1 
TC = 100°C 

Derate above 25°C 5.7 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Max 

Thermal Resistance, Junction to Case 175 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector Base Leakage Current 
(IE =0, VCB = 45 V) BC107 
(IE = 0, VCB = 45 V, TAmb = 125°C) BC107 
(IE =0, VCB =25 V) BC10a, BC109C 
(IE = 0, VCB = 25 V, TAmb = 125°C) BC10a, BC109C 

Emitter-Base Breakdown Voltage 
(lE=101JA,IC=0) BC107 

BC10a, BC109C 

Collector Emitter Breakdown Voltage 
(lc = 2 rnA, IE = 0) BC107 

BC10a, BC109C 

ON CHARACTERISTICS 

DC Current Gain 
(VCE = 5 V, IC =2 rnA) BC107 

BC10a 
BC107A 
BC107B, BC10aB 
BC109C 

(VCE=5V,IC= 1O IJA) BC107B, BC10BB 
BC109C 

Base Emitter Saturation Voltage (1) 
(IC = 10 rnA, IB = 0.5 rnA) 
(IC = 100 rnA, IB = 5 rnA) 

Collector Emitter Saturation Voltage (1) 
(IC = 10 rnA, IB = 0.5 rnA) 
(IC = 100 rnA, IB = 5 rnA) 

Base Emitter On Voltage 
(IC = 2 rnA, VCE = 5 V) 
(IC = 10 rnA, VCE = 5 V) (1) 

Collector Knee Voltage 
(lc = 10 rnA, IB = the value lor which IC = 11 rnA at VCE = 1 V) 

DYNAMIC CHARACTERISTICS 

Transition Frequency 
(IC = 10 mA, I = 100 MHz, VCE = 5 V) 

Noise Figure 
(VCE = 5 V, IC = 0.2 rnA, Rg = 2 K,Q) BC109C 
F=1 kHz, ll.F = 200 Hz BC1 07/1 OB 
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Unit 

Vdc 

Vdc 

Vdc 

Amp 

Watt 
mW/oC 

Watt 

mWFC 

°C 

Symbol Min 

ICBO 
-
-
-
-

V(BR)EBO 
6 
5 

V(BR)CEO 
45 
25 

hFE 
110 
110 
110 
200 
420 

40 
100 

VBE(sat) -
-

VCE(sat) 
-
-

VBE(on) 
0.55 
-

VCE(K) -

iT 150 

NF 
-
-

Bel07,A,B 
thru 

BC109C 
CASE 22-03, STYLE 1 

TO-18 (TO-206AA) 

TRANSISTORS 
NPN SILICON 

Typ Max 

- 15 
- 4 
- 15 
- 4 

- -
- -

- to-

- -

- 450 
- BOO 
- 220 
- 450 
- BOO 

- -
- -

0.7 0.B3 
1.0 1.05 

- 0.25 
- 0.60 

- 0.70 
- 0.77 

0.4 0.6 

300 -

- 4 
- 10 

Unit 

nA 

IJA 
nA 
IJA 
V 

V 

-

V 

V 

V 

V 

MHz 

dB 

3-97 



BC107, A, B thru BC109C 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted.) 

Characteristic Symbol 

Output Capacitance Cobo 
(VCB = 10 V, f= 1.0 MHz) 

h21 e Parameters h21e 
(VCE = 5.0 V, IC = 2.0 rnA, f = 1.0 kHz) BCl 07/1 DB 

BC107A 
BC107B,BC10BB 
BC109C 

hlle Parameters h"e 
(VCE = 5.0 V,IC = 2.0 mA, f= 1.0 kHz) BC107A 

BC107B, BC10BB 
BC109C 

h22e Parameters h22e 
(VCE = 5.0 V,IC = 2.0 rnA, f= 1.0 kHz) BC107A 

BC107B, BC10BB 
BC109C 

(1) Pulse Test: Pulse Width,; 300 1lS, Duly Cycle,; 2.0%. 

~ 14 
• ..... 
"'-~ 10 . 
J ....... 

B 

2 
-lit' 

FIGURE 1 - EMITTER-BASE CAPACITANCE 
COLLECTOR-BASE CAPACITANCE 

....... 

....... 
CIB 

--I-- DB 

10. 10' 

VCBO, COLLECTOR·BASE VOLTAGE (VOLTS) 
VEBO. COLLECTOR·EMITTER VOLTAGE (VOLTS) 

Min l)'p Max Unit 

- - 4.5 pF 

-
125 - 500 

125 - 260 
240 - 500 
450 - 900 

Kn 
1.6 - 4.5 
3.2 - B.5 
6.0 - 15 

Ilhos 
- - 30 
- - 60 
- - 110 

FIGURE 2 - CURRENT GAIN - BANDWIDTH PRODUCT FIGURE 3 - TOTAL PERMISSIBLE POWER DISSIPATION 

I 
400 I 

10V 

:I! ~ 2V 

300 

:. k: I 200 

~ i' T - 25·C 

~ VC-2V '-100 MHz 
100 

II I II 
0 II I II 
lit' 10· 10' 

IC. COLLECTOR CURRENT (rnA) 

3-98 

102 

I ....... 
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0 

........ Rthie .. 

.......... 

.......... 
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r-- '" r--Sthi 1mb ........... 

100 

TEMPERATURE (·C) 

I"'-~ 
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MAXIMUM RATINGS 

Rating Symbol BC BC Unit 
140 141 

Collector-Emitter Voltage VCEO 40 60 Vdc 

Collector-Base Voltage VCBO 80 100 Vdc 

Emitter-Base Voltage VEBO 7 Vdc 

Collector Current - Continuous IC 1 Adc 

Total Device Dissipation @ T A = 25'C PD 0.8 Watt 
Derate above 25'C 4.6 mWf'C 

Total Device Dissipation @ TC = 25'C PD 3.7 Watt 
Derate above 25'C 20 mWf'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 'c 

THERMAL CHARACTERISTICS 

Charactaristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RIIJA 219 'CIW 

Thermal Resistance, Junction to Case RIIJC 50 'CIW 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic I 
OFF CHARACTERISTICS 

Collector Cutoff Current 
liE = O. VCE = 60 V) TA = 150°C 

Collector-Emitter Breakdown Voltage BC140 Series 
(ICES = 100 flA, IE = 0) BC141 Series 

Collector-Emitter Breakdown Voltage(l) 
(lc = 30 mA, IB = 0) BC140 Series 

BC141 Series 

Emitter-Base Breakdown Voltage 
(IE = 100 flA, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) 
(lc = 100 mAo VCE = 1 V) 

for BC14O, 141, -10 
for BC14O, 141, -16 

Collector-Emitter Saturation Voltage(l) 
(Ie = 1 A, IB = 0.1 A) 

Base-Emitter Voltage(l) 
(Ie = 1 A, VeE = 1 V) 

SMALL SIGNAL CHARACTERISTICS 

Gain Bandwidth Product 
(IC = 50 mAo VCE = 10 V, f = 20 MHz) 

Input Capacitance 
(VEB = 0,5 V. IC = O. f = 1 MHz 

Capacitance 
(IE = 0, VCB = 10 V, f = 1 MHz) 

Turn On Time 
(Ie = 150 mA, IBl = 7.5 mAl 

Turn Off Time 
(Ie = 150 mAo IBl = IB2 = 7.5 mAl 

(1) Pulsed: Pulse Duration = 300 p,s, Duty Cycle = 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

BCI40-IO, -16 
BCI41-IO, -16 
CASE 79-04, STYLE 1 

TO-39 (TO-205AD) 

iii ~~"~o, 
3 ~ I[ lEmitter 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to 2N3019 for graphs. 

Symbol Min Max Unit 

ICES 100 nA 
100 flA 

V(BR)CES 80 V 
100 

V(BR)CEO V 
40 
60 

V(BR)EBO V 
7 

hFE 

63 160 
100 250 

VCE(sat) V 
1 

VBE(on) 2 
V 

IT MHz 
50 

Cib 
80 

pF 

Cob 
25 

pF 

ton 
250 

ns 

toff ns 
850 

3-99 



MAXIMUM RATINGS 

Rating Symbol BC BC 
160-16 161-16 

Collector-Emitter Voltage VCEO -40 -60 

Collector-Base Voltage VCBO -<Ul -60 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -1.0 

Total Device Dissipation @ T A = 25'C Po 0.8 
Derate above 25'C 4.6 

Total Device Dissipation @ TC = 25'C Po 3.7 
Derate above 25'C 20 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R/IJA 219 

Thermal Resistance, Junction to Case R/lJC 50 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector Cutoff Current 
IE = 0, VCES = -40 V for BC160-16 

VCES = -60 V for 8C161-16 
VCES = -40 V for BC160-16 TAmb = 150'C 
VCES = -60 V for BC161-16 TAmb = 150'C 

Collector-Emitter Breakdown Voltage 
IC = -100pA,IE = 0 for BC160-16 

for BC161-16 

Collector-Emitter Breakdown Voltage(1) 
IC = -10mA,IB = 0 for BC160-16 

for BC161-16 

Emitter-Base Breakdown Voltage 
IE = -100pA,IC = 0 

ON CHARACTERISTICS 

DC Current Gain(1) 
IC = -100 mA, VCE = -1.0 V for BC160, BC161, -16 

Collector-Emitter Saturation Voltage(l) 
(lC = -1.0A, IB = -0.1 A) 

Base-Emitter Saturation Voltage(1) 
(lc = -1.0 A, VCE = -1.0V) 

SMALL-SIGNAL CHARACTERISTICS 

G'ain Bandwidth Product 
(lC = -50 mA, VCE = -10 V, f = 20 MHz) 

Input Capacitance 
(VEB = -10V,f = 1.0 MHz) 

Output Capacitance 
(VCB = -10 V, IE = 0, f = 1.0 MHz) 

Turn On Time 
(lC = -100 mA, IB1 = -5.0 pAl 

Turn Off Time 
(lC = -100 mA, IBl = IB2 = -5.0pA) 

(1) Pulsed: Pulse Duration = 300 p.s, Duty Cycle = 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mWI'C 

Watt 
mWI'C 

'c 

Unit 

'CIW 

'CIW 

BC160-16 
Be161-16 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 

B 3 Collector 

,~/( .~.~ .. 
AMPLIFIER TRANSISTORS 

PNPSILICON 

Refer to 2N4405 for graphs. 

Symbol Min Max Unit 

ICES 
-100 nA 
-100 
-100 pA 
-100 

V(BR)CES V 
-40 
-60 

V(BR)CEO V 
-40 
-60 

V(BR)EBO -5.0 V 

hFE 100 250 

VCE(sat) -1.0 V 

VBE(on) -1.7 V 

tr 50 MHz 

Cib 180 pF 

Cobo 30 pF 

Ton 500 ns 

Toff 650 ns 

3-100 Motorola Smafl-Signal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS 

Rating Symbol Valua 

Collector-Emitter Voltage VCEO -45 

Collector-Emitter Voltage VCES -50 

Collector-Base Voltage VCBO -50 

Emitter-Base Voltage VEBO -5 

Collector Current - Continuous IC -0.2 

Total Device Dissipation @ TA = 25°C PD 0.6 
Derate above 25°C 3.43 

Total Device Dissipation @ TC = 25°C Po 1.0 
TC = l000C 

Derate above 25°C 5.7 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

ntERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Leakage Current 
(VCE = -20 V, IE = 0) 
(VCE = -20 V, IE = 0, TAmb = 125°C) 

Collector Base Breakdown Voltage 
(lC = -10pA) 

Collector Emitter Breakdown Voltage 
(lC = -2.0 rnA, IE = 0) 

Emitter Base Breakdown Voltage 
(IE = -10 pA, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain BCl77 
(lc = -2.0 rnA, VCE = -5.0V) A Group 

B Group 

Collector Emitter Saturation Voltage(l) 
(lC = -10 rnA, IB = -0.5 rnA) 
(lC = -100 rnA, IB = -5.0 rnA) 

Base Emitter Saturation Voltage(l) 
(lc = -10 mA.IB = -0.5 rnA) 
(lc = -100 rnA, IB = -5.0 rnA) 

Base Em,itter on Voltage 
(lC = -2.0 rnA. VCE = -5.0 V) 

Collector Knee Voltage 
(lc = -10 rnA, IB = the value for which 
IC = -11 rnA, at VCE = -1.0 V) 

DYNAMIC CHARACTERISTICS 

Transition Frequency 
(VCE = -5.0 V, IC = -10 rnA, f = 100 MHz) 

Noise Figure 
(VCE = -5.0 V, IC = -0.2 rnA. Rg = 2 Kn) 
F = 1.0 kHz 
F = 1.0 kHz, F = 200 Hz 

Motorola SmaU-8ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Amp 

Watt 
mWrC 

Watt 

mWf'C 

°c 

Symbol 

ICES 

V(BR)CBO 

V(BR)CEO 

V(BR)EBO 

hFE 

VCE(sat) 

VBE(sat) 

VBE(on) 

VCE(K) 

fy 

NF 

BC177,A,B 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 

,/I ~()"~m 
2 1 1 Emitter 

TRANSISTORS 

PNPSILICON 

Min Typ Max 

-100 
-4 

-50 

-45 

-5.0 

120 460 
120 220 
180 460 

-0.2 
-0.6 

-0.7 -0.8 
-0.9 

-0.6 -0.75 

-0.4 -0.6 

200 300 

4.0 
4.0 
10 

3-101 

Unit 

nA 
pA 

V 

V 

V 

V 

V 

V 

V 

MHz 

dB 



BC177,A. B 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 
Output Capacitance Cobo 3.5 4.0 pF 

(VCB = -10 V. f = 1.0 MHz) 

h21 e Parameters BC177 h21e 125 500 
(VCE = -5.0 V. IC = -2.0 mA. f = 1.0 kHz) A Group 125 260 

B Group 240 500 

h11e Parameters h11e KO 
(VCE = -5.0 V. IC = -2.0 rnA. f = 1.0 kHz) A Group 1.6 4.5 

B Group 3.2 8.5 

h22e Parameters h22e /Lmhos 
(VGE = -5.0 V.IC = -2.0 rnA. f = 1.0 kHz) A Group 30 

B Group 60 

(1) Pulse Test: Pulse Width"" 300 /Ls. Duty Cycle"" 2.0%. 

3-102 Motorola Small-8ignal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS 
Rating Symbol Valua 

Collector-Emitter Voltage VCEO -180 

Collector-Base Voltage VCBO -180 

Emitter-Base Voltage VEBO -6 

Collector Current - Continuous IC -0.5 

Total Device Dissipation @ TA = 25°C Po 0.4 
Derate above 25°C 2.66 

Total Device Dissipation @ TC = 25°C Po 1.5 
TC = 100"C 

Derate above 25°C 10.0 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = -10 mAIB = 0) 

Collector-Base Breakdown Voltage 
(lC = -100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -100 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = -100 V, IE = 0) 

Collector-Emitter Cutoff 
(VCE = -100V,IB = O)(TAmb = 150°C) 

ON CHARACTERISTlCS(l) 

DC Current Gain 
(lC = -10 mA, VCE = -10 V) 

Collector-Emitter Saturation Voltage 
(lC = -10 mAde, IB = -1.0 mAde) 

Base-Emitter Saturation Voltage 
(lC = -10 mAde, IB = -1.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = -20 mAde, VCE = -20 Vde, f = 20 MHz) 

Output Capacitance 
(IE = 0, VCB = -20 Vde, f = 1.0 MHz) 

Input Capacitance 
(lC = 0, VEB = -0.5 Vde, f = 1.0 MHz) 

Turn-On Time 
(lBl = -10mAlc = -50mAde,Vcc = -100Vde) 

Turn-Off Time 
(lB2 = -10 mAde, IC = -50 mAde, VCC = -100 Vde) 

'Pulse Test: Pulse Width", 300 /loS, Duty Cycle", 2%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

Amp 

wan 
mWf'C 

Watt 

mWf'C 

°c 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

ICEO 

hFE 

VCE(sat) 

VBE(sat) 

tr 

Cobo 

Cib 

ton 

toff 

BC393 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 

t;l ~~'-' 
,I! Hm"_ 

HIGH VOLTAGE TRANSISTOR 

PNP 

Min Typ Max Unit 

-180 Vde 

-180 Vde 

-6 Vde 

-50 nA 

-50 pA 

50 100 

-0.15 -0.3 Vde 

-0.7 -0.9 Vde 

50 110 200 MHz 

- 3.5 7 pF 

- 75 - pF . 
- 100 - ns 

~ 400 - ns 

3-103 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 180 

Collector-Base Voltage VCBO 180 

Emitter-Base Voltage VEBO 6 

Collector Current - Continuous IC 0.5 

Total Device Dissipation @ TA = 25DC Po 0.4 
Derate above 25DC 2.66 

Total Device Dissipation @ TC = 25DC Po 1.5 
TC = 100"C 

Derate above 25°C 10.0 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 10 mA. IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = 100 V, IE = 0) 

Collector-Emitter Cutoff 
(VCE = 100 V, IB = 0) (TAmb = 15O-C) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lC = 10 mA. VCE = 10 V) 

Collector-Emitter Saturation Voltage 
(lC - 10 mAdc, IB = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 1.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 20 mAde, VCE = 20 Vdc, f = 20 MHz) 

Output Capacitance 
(IE = 0, VCB = 20 Vde, f = 1.0 MHz) 

Input Capacitance 
(lc = 0, VEB = 0.5 Vde, f = 1.0 MHz) 

Turn-On TIme 
(lBl = 10 mA. IC = 50 mAde, VCC = 100 Vde) 

Turn-Off Time 
(lB2 = 10 mAde, IC = 50 mAde, VCC = 100 Vde) 

*Pulse Test: Pulse Width Ei 300 J.IS, Duty Cycle Ei 2%. 

Unit 

Vdc 

Vdc 

Vdc 

Amp 

Watt 
mWrC 

Watt 

mWrC 

DC 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

ICEO 

hFE 

VCE(sat) 

VBE(sat) 

tr 

Cobo 

Cib 

ton 

. toff 

BC394 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 

HIGH VOLTAGE TRANSISTOR 

NPN 

Min Typ Max Unit 

180 Vdc 

180 Vdc 

6 Vdc 

50 nA 

50 pA 

50 100 

0.15 0.3 Vde 

0.7 0.9 Vde 

50 110 200 MHz 

- 3.5 7 pF 

- 75 - pF 

- 100 - ns 

- 400 - ns 

3-104 Motorola Small-Signal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS 

BCY BCY BCY 
Rating Symbol 70 71 72 

Collector-Emitter Voltage VCEO -40 -45 -25 

Collector-Base Voltage VCBO -50 -45 -25 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous IC -0.2 

Total Device Dissipation @ TA = 25'C PD 360 
Derate above 25'C 2.06 

Total Device Dissipation @ TC = 25'C PD 0.6 
TC = 100'C 

Derate above 25'C 3.43 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = -2.0 mA, IB = 0) BCY70 

BCY7l 
BCY72 

Collector-Base Leakage Current 
(IE = 0, VCB = -50V) BCY70 
(IE = 0, VCB = -45V) BCY7l 
(IE = 0, VCB = -25V) BCY72 

(IE = 0, VCB = -40V, TAmb = 100'C) BCY70 
(IE = 0, VCB = -40V, TAmb = 100'C) BCY7l 
(IE = 0, VCB = -20V, TAmb = 100'C) BCY72 

(IE = 0, VCB = -40V) BCY70 
(IE = 0, VCB = -40V) BCY7l 
(IE = 0, VCB = -20V) BCY72 

EmltteF-Base Leakage Current 
(VEB = -5.0 V, IC = 0) 
(VEB = -4.0 V, IC = 0) 
(VEB = -4.0 V, IC = 0, TAmb = l00'C) 

Collector-Emitter Leakage Current 
(VCE = -50 V, VEB = -3.0 V) BCY70 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

Amp 

mWatt 
mwrc 
mWatt 

mwrc 
·C 

Symbol 

V(BR)CEO 

ICBO 

lEBO 

ICEX 

BCY70 
thru 

BCY72 
CASE 22-03, STYLE 1 

TO-1S (TO-206AA) 

It .~~-' 
1 Emitter 

3 2 1 

TRANSISTORS 

PNPSILICON 

Refer to 2N3799 for graphs. 

Min Typ Max Unit 

Vdc 
-40 
-45 
-25 

-0.5 p.A 
-0.5 
-0.5 

-2.0 
-2.0 
-2.0 

-1" nA 
-50 
-50 

-0.5 p.A 
-10 nA 
-2.0 p.A 

nA 
-20 

3-105 



BCY70 thru BCY72 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted.) 

.1 Characteristic 1 Symbol Min Typ Max Unit 

ON CHARACTERlSncS 

DC Current Gain hFE 
(VCE = -1.0 V.IC = -10 !£A) BCY71 40 

(VCE = -1.0 V. IC = -100 !£A) BCY70 40 
BCY71 80 

(VCE = -1.0 V.IC = -1.0 mAl BCY70 45 
BCY71 90 
BCY72 40 

(VCE = -1.0 V.IC = -10 mA)!l) BCY70 50 
BCY71 100 600 
BCY72 50 

(VCE = -1.0 V.IC = -SO mA)!l) BCY70 15 

Base-Emitter Saturation Voltage(l} VBE(sat} V 
(lC = -50 mA IB = -5.0 mAl BCY70m -1.2 
(lC = -10 mA.IB = -1.0 mAl BCY70m -0.6 -0.9 

Collector-Emitter. Saturation Voltage(l} VCE(sat} -o.SO V 
(lc = -50 mA.IB = -5.0 mAl -0.25 
(lC = -10 mAIB = -1.0 mAl 

DYNAMIC CHARACTERISncs 

Transition Frequency for MHz 
(lC = -10 mAo f = 100 MHz. VCE = -20 V) All types 250 
(lc = -100 p.A, f = 20 MHz. VCE = -20 V) BCY710nly 15 

Noise Figure NF dB 
(VCE = -5.0 V.IC = -100 !£A. Rg = 2.0 Kn. f = 1.0 kHz 

BCY70m 6.0 
BCY71 2.0 

Switching Times ns 
(lC = -10 mA.IBl = IB2 = -1.0 mAl BCY70m ton 65 

BCY70n2 toft 420 
BCY70m td 35 
BCY70n2 tr 35 
BCY70n2 ts 3SO 
BCY70m tf 80 

h parameters h12e - 20 X 10-4 -
(VCE = -10 V.IC = -1.0 mAo f = 1.0 kHz) BCY71 h21e 100 400 -

h22e 10 60 p.s 
hlle 2.0 12 KO 

Common Base Output Capacitance Cob 6.0 pF 
(VCB = -10 V.IE = O. f = 1.0 MHz) 

Input Capacitance Cib 8.0 pF 
(VEB = -1.0 Vdc.IC = O. f = 1.0 MHz) 

(1) Pulse Test: Pulse W,dth .. 300 /los. Duty Cycle .. 2.0%. 

3-106 Motorola Small-Signal Transistors. FETs and Diodes Device Data 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 250 

Collector-Emitter Voltage VCER 250 

Collector-Base Voltage VCBO 250 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 0.1 

Total Device Dissipation @ TA = 25'C Po 0.8 
Derate above 25'C 4.57 

Total Device Dissipation @ T C = 25'C Po 5.0 
Derate above 25'C 28.6 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 30 mAdc, IB = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 pAdc, IC = 0) 

Collector Cutoff Current 
(VCB = 200 Vdc, IE = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(lC = 30 mAdc, VCE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(lc = 30 mAdc, IB = 6.0 mAdc) 

DYNAMIC CHARACTERISTICS 

Current Gain-Bandwidth Product 
(lC = 30 mAdc, VCE = 10 Vdc, f = 100 MHz) 

Reverse Transfer Capacitance 
(VCB = 30 Vdc, IE = 0, f = 1.0 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width" 300 /LS, Duty Cycle" 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mWI'C 

Watt 
mWI'C 

'c 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

hFE 

VCE(sat) 

tr 

Cre 

Ccb 

BF258 

CASE 79-04, STYLE 1 
TO-39 (TO-20SADI 

,!/I ~~'-
2 1 1 Emitter 

Min 

250 

250 

5.0 

-

25 

-

-

-

-

HIGH VOLTAGE 
TRANSISTORS 

NPN SILICON 

Typ Max 

- -

- -

- -

1.0 50 

80 -

0.1 1.0 

110 -

3.5 -

5.5 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-

Vdc 

MHz 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO -150 

Collector-Base Voltage VCBO -150 

Emitter-Base Voltage VEBO -6.0 

Collector Current - Continuous IC -0.1 

Total Device Dissipation @ T A = 25"C Po 0.4 
Derate above 25"C 2.28 

Total Device Dissipation @ TC = 25"C Po 1.4 
Derate above 25"C 8.0 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 438 

Thermal Resistance, Junction to Case R8JC 125 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = -2.0 mA, IB = 0) 

Collector Base Breakdown Voltage 
(lC = -100 pAde, IE = 0) 

Emitter Base Breakdown Voltage 
(IE = -100 pAde, IC = 0) 

Collector Cutoff Current 
(VCB = -100 V, IE = 0) 

Collector Emitter Cutoff Current 
(VCB = -100 V, IB = 0) TA = 125"C 

ON CHARACTERISTICS 

DC Current Gain 
(lC = -1.0 mA. VCE = -10 V) 
(lc = -10mA,VCE = -10V)(I) 
(lC= -10pA,VCE= -10V,TA= -55"C) 

Collector Emitter Saturation Voltage(l) 
(lC = -10 mAde, IB = -1 mAde) 

Base Emitter Saturation Voltage(l) 
(lC = -10 mAde, IB = -1 mAde) 

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product 
(lC = -10 mAde, VCE = -10 Vde, f = 20 MHz) 

Output Capacitance 
(IE = 0, VCB = -20 Vde, f = 1.0 MHz) 

Turn On Time 
(lBl = -10mA,lc= -50mAde,Vcc= -100Vde) 

Turn Off Time 
(lB2 = -10 mAde, IC = - 50 mAde, VCC = -100 Vde) 

(1) Pulse Test: Pulse Width .. 300 /IS, Duty Cycle .. 2%. 

Unit 

Vde 

Vde 

Vde 

Ade 

Watt 
mWrC 

Watt 
mWrC 

"C 

Unit 

"C/W 

"C/W 

BFW43 
CASE 22-03, STYLE 1 

TO-18 (TO-206AA) 

~ 3Colloctor 

,1/ ':~m~' 
HIGH VOLTAGE TRANSISTOR 

PNPSILICON 

Symbol Min Typ Max Unit 

V(BR)CEO -150 Vde 

V(BR)CBO -150 Vde 

V(BR)EBO -6.0 Vde 

ICBO -10 nA 

ICEO -10 pA 

hFE 
40 
40 

30 

VCE(sat) -0.15 -0.5 Vde 

VBE(sat) -0.7 -0.9 Vde 

t,- 60 110 200 MHz 

Cobo - 3.5 7.0 pF 

ton - 100 - ns 

toff - 400 - ns 
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FIGURE 1 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 3 - TURN-OFF TIME 
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FIGURE 2 - TURN·ON TIME 
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FIGURE 4 - SWITCHING TIME TEST CIRCUIT 
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MAXIMUM RATINGS 
Rating Symbol BSS BSS BSS Unit 

71 72 73 

Collector-Emitter Voltage VCEO 200 250 300 Vdc 

Collector-Base Voltage VCBO 200 250 300 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous IC 0.5 Adc 

Total Device Dissipation @ TA = 25°C PD 0.5 Watt 
Derate above 25°C 2.86 mWjOC 

Total Device Dissipation @TC = 25°C PD 2.5 Watt 
Derate above 25°C 14.3 mWrC 

Operating and Storage Junction TJ, Tstg -65 to +200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) V(BR)CEO 
(lc = 10 mA, IB = 0) BSS71 

BSS72 
BSS73 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = 100 pAdc, IE = 0) BSS71 

BSS72 
BSS73 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 pAdc, IC = 0) BSS71 

BSS72 
BSS73 

Collector Cutoff Current ICBO 
(VCB = 150 V, IE = 0) BSS71 
(VCB = 200 V, IE = 0) BSS72 
(VCB = 250 V, IE = 0) BSS73 

Collector-Emitter Cutoff Current ICEO 
(VCE = 150 V, IB = 0) BSS71 
(VCE = 200 V, IB = 0) BSS72 
(VCE = 300 V, IB = 0) BSS73 

Emitter-Cutoff Current lEBO 
(VEB = 5.0 Vdc, IC = 0) ALL 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lc = 0.1 mA, VCE = 1 V) BSS71 
(lc = 1 mA. VCE = 10 V) ALL 
(lc = 10 mA, VCE = 10 V)(I) ALL 
(lc = 30 mA. VCE = 10 V)(I) ALL 
(lc = 100 mA, VCE = 10 V)(I) BSS73 

Collector-Emitter Saturation Voltage(l) VCE(sat) 
(lc = 10 mAdc, IB = 1 mAdc) ALL 
(lc = 30 mAdc, IB = 3 mAdc) ALL 
(IC = 50 mAdc, IB = 5 mAdc) ALL 
(IC = 100 mAde, IB = 20 mAde) BSS73 

Base-Emitter Saturation Voltage(l) VBE(sat) 
(lc = 10 mAdc, IB = 1 mAdc) ALL 
(lc = 30 mAdc, IB = 3 mAdc) ALL 
(IC = 50 mAdc, IB = 5 mAdc) ALL 
(lc = 100 mAdc, IB = 10 mAdc) BSS73 

(11 Pulse Test: Pulse Width'" 300 p.s, Duty Cycle", 2.0%. 

BSS71 
thru 

BSS73 
CASE 22-03, STYLE 1 

TO-18 (TO-206AA) 

Min 

200 
250 
300 

200 
250 
300 

6 
6 
6 

-
-
-

-
-
-

-

20 
30 
50 
40 
--

-
--
-
-

-
--
--
-

HIGH VOLTAGE 
TRANSISTORS 

NPN SILICON 

Typ Max 

- -
- -
- -
- -
- --
- --

- -
- -
- -

- 50 
- 50 
- 50 

- 500 
- 500 
- 500 

-- 50 

40 -
45 -
120 -
140 250 
35 -

0.15 0.3 
0.25 0.4 
0.35 0.5 
0.25 -

0.7 0.8 
0.8 0.9 

0.85 1.0 
0.9 -

Unit 

Vdc 

Vdc 

Vdc 

nA 

nA 

nA 

-

Vdc 

Vdc 
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BSS71 thru BSS73 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

I Characteristic I Symbol I Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product 
(lC = 20 mAde, VCE = 20 Vdc, f = 20 MHz) 

Output Capacitance 
(IE = 0, VCB = 20 Vdc, f = 1 MHz) 

Input Capacitance 
(lc = 0, VEB = 0.5 Vdc, f = 1 MHz) 

Turn On Time 
(IB 1 = 10 mA, IC = 50 mAde, VCC = 100 Vdc) 

Turn Off Time 
(lB2 = 10 mAde, IC = 50 mAde, VCC = 100 Vdc) 

FIGURE 1 - DC CURRENT GAIN 
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BSS71 thru BSS73 

FIGURE 5 - "ON" VOLTAGES 
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FIGURE 7 - TURN-ON TIME 
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MAXIMUM RATINGS 
ass ass ass 

Rating Symbol 74 75 76 Unit 

Collector-Emitter Voltage VCEO -200 -250 -300 Vdc 

Collector-Base Voltage VCBO -200 -250 -300 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous IC -0.5 Adc 

Total Device Dissipation @ TA = 25°C Po 0.5 Watt 
Derate above 25°C 2.86 mWrC 

Total Device Dissipation @ TC = 25°C Po 2.5 Watt 
Derate above 25°C 14.3 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 °c 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) V(BR)CEO 
(lc = -10 mA,lB = 0) BSS74 

BSS75 
BSS76 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = -100 pAdc, IE = 0) aSS74 

BSS75 
BSS76 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -100 pAde, IC = 0) BSS74 

BSS75 
BSS76 

Collector Cutoff Current ICBO 
(VCB= -150 V, IE =0) BSS74 
(VCB = -200 V,IE = 0) BSS75 
(VCB = -250 V,IE = 0) BSS76 

Collector-Emitter Cutoff Current ICEO 
(VCE = -150V,IB = 0) BSS74 
(VCE = -200 V, IB = 0) BSS75 
(VCE = -300 V, IB = 0) BSS76 

Emitter-Cutoff Current lEBO 
(VEB = - 5.0 Vde, IC = 0) ALL 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = -0.1 mA, VCE = -1.0 V) BSS74 
(lc = -1.0mA,VCE = -10V) ALL 
(lC = -10mA,VCE = -10V)(1) ALL 
(lC = -30 mA, VCE = -10V)(1) ALL 
(lc = -l00mA,VCE = -10V)(1) BSS76 

Collector-Emitter Saturation Voltage(l) VCE(sat) 
(lC = -10 mAde, IB = -1.0 mAde) ALL 
(lC = -30 mAde, IB = -3.0 mAde) ALL 
(lC = -50 mAde, IB = -5.0 mAde) ALL 
(lC = -100 mAde,lB = -20 mAde) BSS76 

Base-Emitter Saturation Voltage(l) VBE(sat) 
(lC = -10 mAde, IB = -1.0 mAde) ALL 
(lC = -30 mAde, IB = -3.0 mAde) ALL 
(lC = -50 mAde, IB = -5.0 mAde) ALL 
(lc = -100 mAde,lB = -10 mAde) BSS76 

(1) Pulse Test: Pulse Width .. 300 p,s, Duty Cycle .. 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

BSS74 
thru 

BSS76 
CASE 22-03, STYLE 1 

TO-18 (TO-206AA) 

~ 3 Collector 

,II ~-EQ.~, 

Min 

-200 
-250 
-300 

-200 
-250 
-300 

-6 
-6 
-6 

-
-
-

-
-
-

-

20 
30 
35 
35 
-

-
-
-
-

-
-
-
-

HIGH VOLTAGE 
TRANSISTORS 

PNP SIUCON 

Typ Max 

- -
- -
- -

- -
- -
- -

- -
- -
- -

- -50 
- -50 
- -50 

- -500 
- -500 
- -500 

- -50 

40 -
45 -
50 -
55 150 
40 -

-0.15 -0.3 
-0.25 -0.4 
-0.35 -0.5 
-0.40 -

-0.7 -0.8 
-0.8 -0.9 
-0.85 -1.0 
-0.9 -

Unit 

Vdc 

Vdc 

Vde 

nA 

nA 

nA 

-

Vde 

Vde 
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8SS74 thru 8SS78 

ELECTRICAL CHARACTERISTICS (eontinuedt (TA : 250C unless otherwise noted.t 

Characteristic I Symbol Min Typ Max Unit 

z .. 
to ... 
z 
w .. .. 
::> ... ... 
Q 

w 
~ 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth product 
(lC = -20 mAde, VCE : -20 Vde, f : 20 MHzt 

Output Capacitance 
(IE : 0, VCB : -20 Vde, f : 1.0 MHzt 

Input Capacitance 
(lC : 0, VEB : -0.5 Vde, f : 1.0 MHzt 

Turn-On Time 
(lBl : -10 mA,lc : -50 mAde, VCC : -100 Vdct 

Turn-Off Time 
(lB2: -10 mAdc,lc : -50 mAde, VCC : -100 Vdct 
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BSS74 thru BSS76 

FIGURE Ii - CURRENT-GAIN-BANDWIDTH PRODUCT FIGURE 6 - TURN-ON TIME 
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MAXIMUM RATINGS 
Rating Symbol Valua 

Collector-Emitter Voltage VCEO -60 

Collector-Emitter Voltage VCES -60 

Collector-Base Voltage VCBO -60 

Emitter-Base Voltage VEBO -S.O 

Collector Current - Continuous IC -1.0 

Total Device Dissipation @ TA = 2S·C Po 1.2S 
Derate above 2S·C 7.1S 

Total Device Dissipation @ TC = 2S·C Po 7.0 
Derate above 2S·C 40 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -6Sto +200 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R9JA 140 

Thermal Resistance, Junction to Case R9JC 25 

ELECTRICAL CHARACTERISTICS (TA = 2S·C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERIS11CS 

Collector Cutoff Current 
(VCE = -60 V) 
(VCE = -60 V, TA = lS00C) 
(VCE = -60 V, VeE = -0.2 V, TA = 100·C) 

Emitter Cutoff Current 
(VEB = -4.0 V) 

Collector-Emitter Breakdown Voltage 
(lC = -SO mA)(l) 

Collector-Emitter Breakdown Voltage 
(lC = -10pA) 

Emitter-Base Breakdown Voltage 
(IE = -10pA) 

ON CHARACTERISTICS 

DC Current Gain 
(VCE = -1.0V,IC = -0.1 rnA) 
(VCE = -1.0 V, IC = -100 mA)(1) 
(VCE = -1.0 V, IC = -SOO mA)(l) 

Base-Emitter Voltage 
(VCE = -1.0 V, IC = -100 mA)(1) 
(VCE = -1.0 V, IC = -SOO mA)(1) 

SMALL-8IGNAL CHARACTERISTICS 

Current Gain-Bandwidth Product 
(lC = -50 rnA, VCE = -10 V, f = 20 MHz) 

Output Capacitance 
(VCB = -10V,IE = O,f = 1.0 MHz) 

Small-Signal Current Gain 
(lC = -1.0 rnA, VCE = -S.OV, f = 1.0 MHz) 

Turn On Time (Fig. 1) (lc = -100 rnA, IBl = IB2 = -S.O rnA) 
Storage Time (Fig. 1) (lC = -100 rnA, IB1 =IB2 = -S.O rnA) 

Fall Time (Fig. 1) 
(lC = -100 rnA, IB1 = IB2 = -S.O rnA) 

(1) Pulsed: Pulse Duration = 300 I'S, Duty Cycle = 2%. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mWrC 

Watts 
mWrC 

·C 

Unit 

·CIW 

·CIW 

BSVI6-IO 

CASE 79·04, STYLE 1 
TO·39 (TO·205AD) 

,!/I ~~"~o, 
2 1 1 Emitter 

AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to 2N4405 for graphs. 

Symbol Min Max Unit 

ICES 
- -SO nA 
- -50 pA 
- -50 

lEBO - -SO nA 

V(BR)CEO -60 - V 

V(BR)CES -60 - V 

V(BR)EBO -S.O - V 

hFE -
20 -
63 160 
2S -

VBE(on) V 
- -1.0 

-0.7 -1.4 

fr 50 - MHz 

Cob - 2S pF 

hfe 20 - -

ton - 500 ns 
ts - 500 

tf - 1S0 ns 

3-116 Motorola Small-Signal Transistors, FETs and Diodes Device Data 



FIGURE 1 - SWITCHING TIME CIRCUIT 

+5V(VBB) -2QV(VCC) 

lOflsec 

-tr­ lko u -llV o----4~....",IIW-...... ____,I 

Ir < 15nsec 
If < 15nsec 
Rj =500 

50n 
BAY63 
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200n 

OS2. 

Ir < 15nsec 
Z6~ 100kn 

BSV16·10 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO 15 

Collector-Emitter Voltage VCER 20 
(RBE = 10 Ohms) 

Collector-Base Voltage VCBO 40 

Emitter-Base Voltage VEBO 4.5 

Collector Current - Continuous IC 500 

Total Device Dissipation @TA = 25°C Po 360 
Derate above 25°C 2.06 

Total Device Dissipation @ TC = 25°C Po 1.2 
TC = lOO°C 

Derate above 25°C 6.85 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Cha racteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (T A = 25"C unless otherwise noted.) 

I Characteristic 

Off CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lC = 10 mAde, IB = 0) 
(lC = 10 mAde, RBE = 100) 

Emitter-Base Breakdown Voltage 
(IE = 10 ,.Ade, IC = 0) 

Collector Cutoff Current 
(VCB = 20 Vde, IE = 0) 
(VCB = 20 Vde, IE = 0, T' = 15O"C) 

Collector Cutoff Current 
(VCE = 15 Vde, VBE = 0, Tj = 55"C) 
(VCE = 40 Vde, VBE = 0) 

Cutoff Current 
(VCE = 15 Vde, VEB = 3.0 V, Tj = 55"C) 

ON CHARACTERISTICS 

DC Current Gain(l) 
(lC = 10 mAde, VCE = 1.0 Vde) 
(lC = 10 mAde, VCE = 1.0 Vde, Tj = -55"C) 
(lC = 100 mAde, VCE = 2.0 Vde) 

Base-Emitter On Voltage 
(lC = 30 ,.Ade, VCE = 20 Vde, Ti = 10o-C) 

Emitter-Collector Saturation Voltage(l) 
(lC = 10 mAde, IB = 0.3 mAde) 
(lC = 10 mAde, IB = 1.0 mAde) 
(lC = 100 mAde, IB = 10 mAde) 

Emitter-Base Saturation Voltage(l) 
(lC = 10 mAde,lB = 1.0 mAde) 
(lC = 100 mAde, IB = 10 mAde) 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAmp 

mWatt 
mW/oC 

Watt 

mW/oC 

°c 

Symbol 

V(BR)CEO 
V(BR)CER 

V(BR)EBO 

ICBO 

ICES 

ICEX 
IBEX 

hFE 

VBE(on) 

VCE(sat) 

VBE(sat) 

BSX20 
CASE 22-03, STYLE 1 

TO-18 (TO-206AA) 

TRANSISTOR 

NPN SILICON 

Min Max Unit 

Vde 
15 
20 

4.6 Vde 

400 nAde 
30 ,.Ade 

,.Ade 
0.4 
1.0 

0.6 ,.Ade 
0.6 

40 120 
20 
10 

0.35 Vde 

Vde 
0.30 
0.25 
0.60 

Vde 
0.70 0.85 

1.50 
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BSX2G 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

I Characteristic I Symbol Min Max Unit 

SMALL-8IGNAL CHARACTERISnCS 

Current Gain-Bandwidth Product tr 500 MHz 
(lc = 10 mA. VCE = 10 V, f = 100 MHz) 

Output Capacitance Cobo 4.0 pF 
(VCB = 5.0 V, Ie = 0, f = 1.0 MHz) 

Input Capacitance Cibo 4.5 pF 
(VEB = 1.0 V, IC = 0, f = 1.0 MHz) 

Time ts 1.3 ns 
(lc = 10 mA. IBl = IB2 = 10 mAl 

Turn-On TIme ton ns 
(lc = 10 mA, IBl = 3.0 mAl 12 
(lC = 100 mA, IBl = 40 mAl 7.0 

Turn-Off Time Ioff ns 
(lC = 10 mA, IBl = 3.0 mA, IB2 = -1.5 mAl 18 
(lC = 100 mA, IBl = 40 mA, IB2 = -20 mAl 21 

(1) Pulse Test: Pulse Width", 300 p,s, Duty Cycle'" 2%. 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 65 Vdc 

Collector-Base Voltage VCBO 65 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current - Continuous IC 0.6 Adc 

Total Device Dissipation @ TA = 25°C PD 0.6 Watt 
Derate above 25°C 3.43 mW/oC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +175 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(l) 
(lc = lOrnA, IB = 0) 

Collector Cutoff Current 
(VCB = 50 V, IE = 0) 

Emitter Cutoff Current 
(lEBO(I) VEB = 3 V, IC = 0) 
(IEBO(2) VEB = 5 V, IC = 0) 

Collector Cutoff Current 
(VCE = 50 V, TA = 100°C) 

ON CHARACTERISTICS 

DC Current Gain 
(h2te(1) IC = 1.0 rnA. VCE = 0.4 V) 
(h21e(2) Ic = 10 rnA, VCE = 0.4 V)(I) 
(h21e(3) Ic = 150 mA, VCE = 0.75 V)(I) 
(h21e(4) Ic = 50 rnA. VCE = 0.4 V)(I) 

Base-Emitter Saturation Voltage(l) 
(IC = 30 rnA, IB = 1 rnA) 
(lc = 150 rnA, IB = 15 rnA) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 50 rnA, VCE = 10 V, f = 20 MHz) 

Storage Time 

(VCC = 45 V,IC = 100 mA,IBl = IB2 = 10 rnA) 

Output Capacitance 
(VCB = 10 V, f = 1 MHz) 

(1) Pulsed: Pulse Duration = 300 !,-8, Duty Cycle = 2%. 

CV12253 

CASE 79-04, STYLE 1 
TO-39 (TO-205ADI 

31/1 ~~-
2 1 1 Emitter 

AMPLIFIER TRANSISTOR 

NPN SILICON 

I Symbol Min Max Unit 

VCEO(sus) 
65 

V 

ICBO nA 
20 

lEBO 
20 nA 
2 I'A 

ICEO I'A 
80 

hFE 
40 -
50 200 
25 -
35 -

VBE(sat) 
0.9 

V 

1.3 

fT MHz 
60 

ts 172 550 ns 

Cob pF 
20 
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MAxiMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 150 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous IC 200 

Total Device Dissipation @TA = 25°C PD 1.0 
Derate above 25°C 5.71 

Total Device Dissipation @ TC = 25°C PD 5.0 
Derate above 25°C 28.6 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R6JA 175 

Thermal Resistance, Junction to Case R6JC 35 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(lC = 10 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAdc, IC = 0) 

Collector Cutoff Current 
(VCB = 75 Vdc, IE = 0) 
(VCB = 100 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 10 mAde, VCE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain ,- Bandwidth Product 
(lC = 10 mAde, VCE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(VCB = 20 Vdc, IE = 0, f = 100 kHz) 

(1) Pulse Test: Pulse Width", 300 J.l.s, Duty Cycle", 2.0%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

mAde 

Watt 
mWrC 

Watts 
mWrC 

°c 

Unit 

°CIW 

°C/W 

MM3001 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 

" ~~"~.' 
2 1 , Emitter 

Symbol 

V(BR)CEO 

V(BR)EBO 

ICBO 

tr 

Cobo 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

Min Max 

150 -

5.0 -

- 1.0 

150 -

- 7.0 

Unit 

Vdc 

Vdc 

pAdc 

MHz 

pF 
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MAXIMUM RATINGS 

Rating Symbol MM3725 Unit 

Collector-Emitter Voltage VCEO 40 Vde 

Collector-Base Voltage VCBO 80 Vde 

Emitter-Base Voltage VEBO 6.0 Vde 

Collector Current - Continuous IC 500 mAde 

Total Device Dissipation @ TA = 25'C Po 1.0 Watts 
Derate above 25'C 5.71 mWrC 

Total Device Dissipation @ TC = 25'C Po 5.0 Watts 
Derate above 25'C 28.6 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 'c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 175 'c/w 

Thermal Resistance, Junction to Case R8JC 35 'CIW 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) V(BR)CEO 
(lC = 10 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage(l) 
(lC = 10 mAde, VBE = 0) 

V(BR)CES 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = 10 pAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 pAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 60 Vde, IE = 0) 
(VCB = 40 Vde, IE = 0) 
(VCB = 60 Vde, IE = 0 TA = 100'C) 
(VCB = 60 Vde, IE = 0, TA = 100'C) 

Collector Cutoff Current ICES 
(VCE = 80 Vde, VEB = 0) 
(VCE = 50 Vde, VEB = 0) 

Base Current 18 
(VCE = 50 V, VEB = 0) 
(VCE = 80 V, VEB = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
(lC = 10 mAde, VCE = 1.0 Vde) 
(lC = 100 mAde, VCE = 1.0 Vde) 
(lC = 100 mAde, VCE = 1.0 Vde, TA = -55'C) 
(lC = 300 mAde, VCE = 1.0 Vde) 
(lC = 500 mAde, VCE = 1.0 Vde) 
(lC = 500 mAde, VCE = 1.0 Vde, TA = -55'C) 
(lC = 800 mAde, VCE = 2.0 Vde) 
(lC = 1.0 Ade, VCE = 5.0 Vde) 
(lC = 800 mA, VCE = 2.0 V) 
(lc = 1.0 Ade, VCE = 5.0 V) 

MM3725* 
CASE 79-04, STYLE 1 

TO-39 (TO-205AD) 

if) ~~'-
3~1[ 1 Emitter 

SWITCHING TRANSISTOR 

Min 

40 

80 

80 

6.0 

-
-
-
-

-
-

-

30 
60 
30 
40 
35 
20 
25 
30 
20 
25 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- -

- -

- -

0.12 1.7 
- -
- 120 
- -

0.15 10 
- -
- 10 

-
- 150 
- -
- -
- -
- -
- -
- -
- -
- -
-

Unit 

Vde 

Vde 

Vde 

Vde 

pAde 

pAde 

pAde 

-
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ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted) 

Characteristic 

Collector-Emitter Saturation Voltage(l) 
(lC = 10 mAde, IB = 1.0 mAde) 
(lc = 100 mAde, IB = 10 mAde) 
(lC = 300 mAde, IB = 30 mAde) 
(lC = 500 mAde, IB = 50 mAde) 
(lC = SOO mAde, IB = SO mAde) 
(lC = 1.0 mAde, IB = 100 mAde) 

Base-Emitter Saturation Voltage(l) 
(lc = 10 mAde, IB = 1.0 mAde) 
(lC = 100 mAde, IB = 10 mAde) 
(lC = 300 mAde, IB = 30 mAde) 
(lC = 500 mAde, IB = 50 mAde) 
(lC = 800 mAde, IB = 80 mAde) 
(lc = 1.0 Ade, IB = 100 mAde) 

SMAll-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(lC = 50 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = 30 Vde, VBE(off) = -3.8 Vde, 
Rise Time IC = 500 mAde, IBl = 50 mAde) 

Turn-On Time (Figures 8, 10) 

Storage Time (VCC = 30 Vde, IC = 500 mAde, 
Fall Time IBl = IB2 = 50 mAde) 

Turn-Off TIme (Figures 9, 10) 

(1) Pulse Test: Pulse Width", 300/Jos, Duty Cycle = 1.0% 
(2) 1,- = Ihfel • ftes! 

Symbol 

VCE(sat) 

VBE(sat) 

1,-

Cobo 

Cibo 

td -
tr -

ton -
ts -
tf -

toff -

Min 

-
-
-
-
-
-

-
-
-
0.8 
-
-

300 

-

-

5.0 

15 

20 

35 

20 

50 

FIGURE 1 - ACTlVE·REGION SAFE OPERATING AREA 

2.0 

1.0 
ii: 

'" 5 
I- 0.5 
a'i 
~ 0.3 

B 0.2 

'" o ... 
~ O.t 

.... '\.I 
10J,ts 

de 
... 

"-
TJ = 200·C " --- Second Breakdown Limited 

o 
'" - - -- Thermal Limitation @ Te :: 250 C 
~O.05 

0.03 

0.02 

~, Pulse Duty Cycle" 10% 
Applicable To Rated BVCEO 

3.0 4.0 6.0 B.O 10 20 30 40 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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60 

MM3725 

Typ Max Unit 

Vde 
0.17 0.25 
0.19 0.26 
0.25 0.40 
0.30 0.52 
0.43 O.SO 
0.55 0.95 

Vde 
- 0.76 
- 0.86 
- 1.1 
- 1.1 
- 1.5 
- 1.7 

- - MHz 

- 10 pF 

- 55 pF 

10 ns 

30 ns 

35 ns 

50 ns 

25 ns 

60 ns 
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MM3725 

TYPICAL DC CHARACTERISTICS 
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FIGURE 2 - DC CURRENT GAIN 
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TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 6 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 8 - TURN·ON TIME 
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FIGURE 9 - TURN·OFF TIME 
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MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Collector Current - Continuous IC 

Total Device Dissipation @TA = 25°C Po 
Derate above 25°C 

Total Device Dissipation @ TC = 25°C Po 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Charactaristic Symbol 

Thermal Resistance, Junction to Ambient R9JA 

Thermal Resistance, Junction to Case R9JC 

Value 

-150 

-150 

-4.0 

-500 

1.0 
5.71 

5.0 
28.6 

-65 to +200 

Max 

292 

58 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mWrC 

Watts 
mWrC 

°c 

Unit 

0c/w 

°C/W 

MM4001 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 

GENERAL PURPOSE 
TRANSISTORS 

PNPSIUCON 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

I Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) V(BR)CEO -150 - Vdc 
(lC = -10 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO -150 - Vdc 
(IE = 0, IC = -100 pAdc) 

Emitter-Base Breakdown Voltage V(BR)EBO -4.0 - Vdc 
(IE = -100 pAdc, IC = 0) 

Collector Cutoff Current ICBO - -1.0 pAdc 
(VCB = -75 Vdc, 'E = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) hFE 20 - -
(lC = -10 mAdc, VCE = -10 Vdc) 

Collector-Emitter Saturation Voltage(l) VCE(sat) - -0.6 Vdc 
(lC = -10 mAdc, IB = -1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(VCB = -20 Vdc, 'E = 0, f = 1.0 MHz) 

(1) Pluse Test: PW '" 300 /LS, Duty Cycle", 2.0%. 
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Section 4 

Small-Signal 
Field-Effect Transistors 

In Brief ... 
The data sheets on the following pages are designed to 

emphasize those FETs that by virtue of widespread industry 
use, ease of manufacture, and low relative cost, merit first 
consideration for new equipment design. 

CAUTION: 

Static electricity is a surface phenomenon which most 
commonly occurs when two dissimilar materials come into 
contact and then separate. Electro Static Discharge (ESD) 
damage of semiconductor components by operating person­
nel is quickly becoming a very prominent and significant 
problem. From simple bipolar designs to sensitive MOSFET 
structures, ESD has its unforgiving effect of degradation or 
destruction. 

Motorola believes it is important to extend any emphasiz­
ing note of cautiousness when handling and testing ANY 
FET product. Precautions include, but are not limited to, the 
implementation of static safe workstations and proper han­
dling techniques. Additionally, it is very important to keep 
FET devices in their antistatic shipping containers and away 
from static-generating materials. 

NOTE: All SOT-23 package devices have had a ""fl" suffix 
added to the device title. 
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~-11 ~'b.226AE) 
3 1 WATTT0-92 

1~3 
2 

CASE 318-07 
(To-236AB) 

SOT-23 

~,-11~-226AA) 
3 TO-92 

'.-3 

CASE 318E-04 
(To-261AA) 

SOT-223 

CASE 37G-01 
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EMBOSSED TAPE AND REEL 

SOT·23 and SOT·223 packages are available only in Tape and Reel. Use the appropriate suffix indicated 
below to order any of the SOT·23 and SOT-223 packages. (See Section 6 on Packaging for additional 
information). 

SOT-23: available in 8 mm Tape and Reel 
Use the device title (which already includes the ''T1" suffix) to order the 7 inch/3000 unit reel. 
Replace the "T1" suffix in the device title with a ''T3'' suffix to order the 13 inch/10,OOO unit reel. 

SOT-223: available in 12 mm Tape and Reel 
Use the device title (which already includes the "T1" suffix) to order the 7 inch/1000 unit reel. 
Replace the "T1" suffix in the device title with a ''T3'' suffix to order the 13 inch/4000 unit reel. 

RADIAL TAPE IN FAN FOLD BOX OR REEL 

TQ-92 packages are available In both bulk shipments and In Radial Tape in Fan Fold Boxes or Reels. 
Fan Fold Boxes and Radial Tape Reel are the best methods for capturing devices for automatic insertion in 
printed circuit boards. 

TO-92: available in Fan Fold Box 
Add an "RLR" suffix and the appropriate Style code' to the device title to order the Fan Fold box. 

available in 365 mm Radial Tape Reel 
Add an "RLR" suffix and the appropriate Style code' to the device title to order the Radial Tape 

Reel. 

'Refer to Section 6 on Packaging for Style code characters and additional information on ordering 
requirements. 

DEVICE MARKINGS/DATE CODE CHARACTERS 

The SOT·23 package has a device marking and a date code etched on the device. The generiC 
example below depicts both the device marking and a representation of the date code that appears on the 
SOT-23 package. 

The "0" represents a smaller alpha digit Date Code. The Date Code indicates the actual month in which the 
part was manufactured. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Orain-Source Voltage VOS 25 Vdc 

Orain-Gate Voltage VOG 25 Vdc 

Reverse Gate-Source Voltage VGSR -25 Vdc 

Gate Cu rrent IG 10 mAdc 

Total Oevice Oissipation @ TA = 25·C Po 310 mW 
Oerate above 25·C 2.82 mWrC 

Junction Temperature Range TJ 125 ·C 

Storage Channel Temperature Range Tsto -65 to + 150 ·C 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = -10 ,.Adc, VOS = 0) 

Gate Reverse Current 
(VGS = -15 Vdc, VOS = 0) 
(VGS = -15 Vdc, VOS = 0, TA = 100·C) 

Gate Source Cutoff Voltage 
(VOS = 15 Vdc, 10 = 10 nAdc) 

Gate Source Voltage 
(VOS = 15 Vdc, 10 = 100 ,.Adc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Orain Current* 
(VOS = 15 Vdc, VGS = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance Common Source* 
(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

Output Admittance Common Source* 
(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

Input Capacitance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width", 630 ms; Outy Cycle", 10%. 
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V(BR)GSS 

IGSS 

VGS(off) 

VGS 

IYfsl 

IYosl 

Ciss 

Crss 

Min 

-25 

-
-

-0.5 

-

1000 

-

-

-

2N5457* 
CASE 29-04, STYLE 5 

TO-92 (TO-226AA) 

1 Drain 

~-@ 
2 Source 

JFETs 
GENERAL PURPOSE 

N-CHANNEL - DEPLETION 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- -1.0 
- -200 

- -6.0 

-2.5 -

- 5000 

10 50 

4.5 7.0 

1.5 3.0 

Unit 

Vdc 

nAdc 

Vdc 

Vdc 

/Lmhos 

/Lmhos 

pF 

pF 



2N5457 
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2N5457 

FIGURE 5 - TYPICAL DRAIN CHARACTERISTICS 
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NOTES: 1. Graphical data is presented for de oonditions. Tabular data is 
given for pulsed conditions (Pulse Width: 630 ms, Duty Cycle: 
10%). Under de oonditions, self heating in higher lOSS units re· 
duces lOSS (See Figure 10). 

2. Figures 8, 9, 10: Data taken in a standard printed circuit with a 
TO-1B type socket mounting and 1/4" lead length. 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Drain-Gate Voltage VOG 40 Vdc 

Reverse Gate-Source Voltage VGSR 40 Vdc 

Forward Gate Current IGm 10 mAde 

Total Device Dissipation @ TA = 25'C Po 350 mW 
Derate above 25'C 2.8 mWf'C 

Junction Temperature Range TJ -65 to +135 'c 
Storage Channel Temperature Range Tsta -65 to +150 'c 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Charactaristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
(lG = 10 pAdc, VOS = 0) 2N5460, 2N5461, 2N5462 

Gate Reverse Cu rrent IGSS 
(VGS = 20 Vdc, VOS = 0) 2N5460, 2N5461, 2N5462 
(VGS = 30 Vdc, VOS = 0) 
(VGS = 20 Vdc, VOS = 0, TA = 100'C) 2N5460, 2N5461, 2N5462 
(VGS = 30 Vdc, VOS = 0, TA = 100'C) 

Gate Source Cutoff Voltage VGS(off) 
(VOS = 15 Vdc, 10 = 1.0 pAdc) 2N5460 

2N5461 
2N5462 

Gate Source Voltage VGS 
(VOS = 15 Vdc, 10 = 0.1 mAde) 2N5460 
(VOS = 15 Vdc, 10 = 0.2 mAde) 2N5461 
(VOS = 15 Vdc, 10 = 0.4 mAde) 2N5462 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current lOSS 
(VOS = 15 Vdc, VGS = 0, 2N5460 
f = 1.0 kHz) 2N5461 

2N5462 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance IYfsl 
(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 2N5460 

2N5461 
2N5462 

Output Admittance IYosl 
(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

Input Capacitance Ciss 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF 
(VOS = 15 Vdc, VGS = 0, RG = 1.0 Megohm, f = 100 Hz, BW = 1.0 Hz) 

Equivalent Short-Circuit Input Noise Voltage en 
(VOS = 15 Vdc, VGS = 0, f = 100 Hz, BW = 1.0 Hz) 

2N5460 
thru 

2N5462* 
CASE 29-04, STYLE 7 

TO-92 (TO-226AA) 

2 Drain 

i~ 
1 Source 

JFET 
AMPLIFIERS 

P-CHANNEL - DEPLETION 

*Thase are Motorola 
dasignated preferred devices. 

Min Typ Max 

40 - -

- - 5.0 

- - 1.0 

0.75 - 6.0 
1.0 - 7.5 
1.8 - 9.0 

0.5 - 4.0 
0.8 - 4.5 
1.5 - 6.0 

-1.0 - -5.0 
-2.0 - -9.0 
-4.0 - -16 

1000 - 4000 
1500 - 5000 
2000 - 6000 

- - 75 

- 5.0 7.0 

- 1.0 2.0 

- 1.0 2.5 

- 60 115 

Unit 

Vdc 

nAdc 

pAdc 

Vdc 

Vdc 

mAde 

p.mhos 

p.mhos 

pF 

pF 

dB 

nVrv'Hz 
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2N5460 thru 2N5462 

FIGURE 7 - OUTPUT RESISTANCE 
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Common Source 
y Parameters for Frequencies 

Below 30 MHz 

Yis=jwCiss 

Yos = jw Cosp * + 1/ross 

VI,' VI, I 
Yrs= -jwCrss 

*Casp is Goss in parallel with Series Combination of Ciss and Crss. 

NOTE: 
1. Graphical data is presented for de conditions. Tabular data IS 

given for pulsed conditions (Pulse Width - 630 ms, Duty Cycle = 
10%1. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Gate Voltage VOG 25 Vdc 

Reverse Gate-Source Voltage VGSR 25 Vdc 

Drain Current 10 30 mAde 

Forward Gate Current IG(f) 10 mAde 

Total Device Dissipation @ T C = 25·C Po 350 mW 
Derate above 25·C 2.8 mWf'C 

Operating and Storage Junction TJ, Tstg -65 to +150 ·C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = -1.0 pAdc, VOS = 0) 

Gate Reverse Current 
(VGS = -20 Vdc, VOS = 0) 
(VGS = -20 Vdc, VOS = 0, TA = 100·C) 

Gate Source Cutoff Voltage 
(VOS = 15 Vdc, 10 = 10 nAdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(VOS = 15 Vdc, VGS = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

Input Admittance 
(VOS = 15 Vdc, VGS = 0, f = 100 MHz) 
(VOS = 15 Vdc, VGS = 0, f = 400 MHz) 

Output Admittance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

Output Conductance 
(VOS = 15 Vdc, VGS = 0, f = 100 MHz) 
(VOS = 15 Vdc, VGS = 0, f = 400 MHz) 

Forward Transconductance 
(VOS = 15 Vdc, VGS = 0, f = 100 MHz) 
(VOS = 15 Vdc, VGS = 0, f = 400 MHz) 

2N5484 
2N5486 

2N5484 
2N5486 

2N5484 
2N5486 

2N5484 
2N5486 

2N5484 
2N5486 

2N5484 
2N5486 

2N5484 
2N5486 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

V(BR)GSS 

IGSS 

VGS(off) 

IYfsl 

Re(Yis) 

IYosl 

Re(yos) 

Re(Yfs) 

Min 

-25 

-
-

-0.3 
-2.0 

3000 
4000 

-
-

-
-

-
-

2500 
3500 

2N5484 
2NS486* 

CASE 29-04, STYLE 5 
TO-92 (TO-226AAI 

1 Drain 

"~-@ 
2 Source 

JFET 
VHF/UHF AMPLIFIERS 

N-CHANNEL - DEPLETION 

*These are Motorola 
designated preferred davlces. 

Typ Max 

- -

- -1.0 
- -0.2 

- -3.0 
- -6.0 

- 6000 
- 8000 

- 100 
- 1000 

- 50 
- 75 

- 75 
- 100 

- -
- -

Unit 

Vdc 

nAdc 
pAdc 

Vdc 

I£mhos 

I£mhos 

I£mhos 

I£mhos 

I£mhos 
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2N5484 2N5486 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25'C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Input Capacitance Ciss - - 5.il pF 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss - - 1.0 pF 
(VOS = 15 Vde, VGS = 0, f = 1.0 MHz) 

Output Capacitance Coss - - 2.0 pF 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF dB 
(VOS = 15 Vde, VGS = 0, RG = 1.0 Megohm, f = 1.0 kHz) - - 2.5 
(VOS = 15 Vdc, 10 = 1.0 mAde, 2N5484 - - 3.0 
RG = 1.0 k ohm, f = 100 MHz) 
(VOS = 15 Vde, 10 = 1.0 mAdc, 2N5484 - 4.0 -
RG = 1.0 k ohm, f = 200 MHz) 
(VOS = 15 Vdc, 10 = 4.0 mAde, 2N5486 - - 2.0 
RG = 1.0 k ohm, f = 100 MHz) 
(VOS = 15 Vdc, 10 = 4.0 mAde, 2N5486 - - 4.0 
RG = 1.0 k ohm, f = 400 MHz) 

Common Source Power Gain Gps dB 
(VOS = 15 Vde, 10 = 1.0 mAdc, f = 100 MHz) 2N5484 16 - 25 
(VOS = 15 Vde, 10 = 1.0 mAde, f = 200 MHz) '2N5484 - 14 -
(VOS = 15 Vde, 10 = 4.0 mAde, f = 100 MHz) 2N5486 18 - 30 
(VOS = 15 Vde, 10 = 4.0 mAde, f = 400 MHz) 2N5486 10 - 20 

POWER GAIN 

FIGURE 1 - EFFECTS OF DRAIN CURRENT 
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Adjust VGS for 
'0- 50mA 
VGS< 0 Volts 

FIGURE 2 - 100 MHz and 400 MHz NEUTRALIZED TEST CIRCUIT 

NOTE: The noiae source is 8 hot-cold body 
(AI L type 70 or equivalent) with a 
test receiver (All.. type 136 or equivalent). 

Reference 
Designation 

Cl 

C2 

C3 

C4 

C5 

C6 

C7 

Ll 

L2 

L3 

2N5484 2N5486 

VALUE 

100 MHz 400 MHz 

7.0 pF I.S pF 

1000 pF 17 pF 

3.DpF I.DpF 

1·12 pF O.S·S.OpF 

1·12pF O.S·S.OpF 

0.0015/tF O.OOI/tF 

0.0015/tF O.OOI/tF 

3.0/tH· 0.2/tH·· 

O.15"H· 0.03/tH·· 

O.14"H- 0.022 "H·· 

eL1 17 turns, (approx. - depend. upon circuit layout) AWG #28 
enameled copper wir., close wound on 9/32" ceramic call 
form. Tuning provided by a powdered iron slug. 

• -L 1 6 turns, (approx. - depends upon circuit layout) AWG #24 
enameled copper wlr., clol8 wound on 7/32" ceramic call 
form. Tuning provided by an aluminum slug. 

L2 4·1/2 turns, AWG #18 enameled copper wlr., 5/16" long, 
3/S" 1.0. (AIR CORE). 

L2 1 turn, AWG #16 enameled copper wire, 3/S" 1.0. (AIR 
CORE). 

L3 3-1/2 turns, AWG #18 enameled copper wir., 1/4" long, 
3/S··1.0. (AIR CORE). 

L3 1/2 turn, AWG #16 enamaled copper wire, 1/4" 1.0. (AI R 
CORE). 

iD :s 
~ 
::::I 

~ 
~ 
Ci 
z .... 
z 

NOISE FIGURE 
(T channel = 25°C) 

FIGURE 3 - EFFECTS OF DRAIN-50URCE VOLTAGE FIGURE 4 - EFFECTS OF DRAIN CURRENT 
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INTERMODULATION CHARACTERISTICS 

FIGURE 5 - THIRD ORDER INTERMOOULATION DISTORTION 
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iD _VOS=15Vdc I I .. 
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Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

VOS= 15 V 
VGS= 0 V r--- r-

~ I-

10 12 14 
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2N5484 2N5486 
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10 

COMMON SOURCE CHARACTERISTICS 
ADMITTANCE PARAMETERS 

(VDS = 15 Vdc. T channel = 25°C) 

FIGURE 6 -INPUT ADMITTANCE (Yiol FIGURE 7 - REVERSE TRANSFER ADMITTANCE (Yrs) 
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3D· 20· 

3D· 20· 

FIGURE 10 - 511. 

10. D. 350. 

FIGURE 12 - 5210 

COMMON SOURCE CHARACTERISTICS 
IH'ARAMETER5 

(V05 = 15 Vdc, Tchannel = 250 C, 
Data Points in MHz) 

340. 330. 3D. 20. 

10· D. 350. 340. 3300 20· 

Molorola Small-Signal Transistors, FETs and Diodes Device Data 

2N5484 2N5486 

FIGURE 11 - 512s 

10· D. 350. 340· 330· 

FIGURE 13 - 522s 

10· D. 350. 340· 330· 
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2N5484 2N5486 

COMMON GATE CHARACTERISTICS 
ADMITTANCE PARAMETERS 

(VOG = 15 Vde, Tehannel = 250 CI 

FIGURE 14 -INPUT ADMITTANCE (Yig) FIGURE 15 - REVERSE TRANSFER ADMITTANCE (Yrg) 
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FIGURE 16 - FORWARD TRANSFER ADMITTANCE (Ylg) 
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FIGURE 20 - S21g 

COMMON GATE CHARACTERISTICS 
S-PARAMETERS 

(VOG = 15 Vde. Tehannel = 25°C. 
Data Points in MHzl 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

2N5484 2N5486 

FIGURE 21 - S229 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Orain-Source Voltage VOS 25 Vdc 

Orain-Gate Voltage VOG 25 Vdc 

Gate-Source Voltage VGS 25 Vdc 

Forward Gate Current IGF 10 mAdc 

Total Oevice Oissipation @ TC = 25·C Po 350 mW 
Oerate above 250C 2.B mWrC 

Junction Temperature Range TJ -65 to +150 ·C 

Storage Temperature Range Tsta -65 to +150 ·C 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = 10 !LAdc, VOS = 0) 

Gate Reverse Current 
(VGS = 15 Vdc, VOS = 0) 

Orain Cutoff Current 
(VOS = 12 Vdc, VGS = -10 V) 
(VOS = 12 Vdc, VGS = -10 V, TA = 100·C) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Orain Current" 
(VOS = 15 Vdc, VGS = 0) 

Gate-Source Forward Voltage 
(lG(f) = 1.0 mAdc, VOS = 0) 

Orain-Source On-Voltage 
(10 = 7.0 mAdc, VGS = 0) 

Static Orain-Source On Resistance 
(10 = 0.1 mAdc, VGS = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Small-Signal Orain-Source "ON" Resistance 
(VGS = 0,10 = 0, f = 1.0 kHz) 

Input Capacitance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS = 0, VGS = 10 Vdc, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Oelay Time (VOO = 10 Vdc, 10(on) = 7.0 mAdc, 

Rise Time VGS(on) = 0, VGS(off) = -10 Vdc) 
(See Figure 1) 

Turn-Off Oelay Time (VOO = lQ Vdc, 10(on) = 7.0 mAdc, 

Fall Time VGS(on) = 0, VGS(off) = -10 Vdc) 
(See Figure 1) 

"Pulse Test: Pulse Width < 300 p,s, Outy Cycle < 3.0%. 

Symbol 

V(BR)GSS 

IGSS 

10(off) 

lOSS 

VGS(f) 

VOS(on) 

rOS(on) 

rds(on) 

Ciss 

Crss 

td(on) 

tr 

td(Off) 

tf 

2N5555 

CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 

1 Drain 

~-@ 
2 Source 

JFET 
SWITCHING 

N-CHANNEL - DEPLETION 

Refer to 2N5484 for graphs. 

Min Max 

25 -

- 1.0 

- 10 
- 2.0 

15 -

- 1.0 

- 1.5· 

- 150 

- 150 

- 5.0 

- 1.2 

- 5.0 

- 5.0 

- 15 

- 10 

Unit 

Vdc 

nAdc 

nAdc 

!LAdc 

mAdc 

Vdc 

Vdc 

Ohms 

Ohms 

pF 

pF 

ns 

ns 

ns 

ns 
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2N5555 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

f----- PulsaWidth ---I 
VOO I 90% 90% 1- --- VGSlon! 

500bm 50% 1 1 50% 

10' 
Coaxlll TEKTRONIX 10% I 1 1 10% 

:L 56' INPUT I 1 VGS(offl 
10' SAMPLING I 1 1 

~SCOPE 
I 1 I I 

PULSE 50 Ohm Coaxial Cable (p 1- Input Pulse -I 1- InputPuIsa 
GENERATOR 

i·o 
"'"" J- -I Rise Time 1 1 Fall Timt 

150 Ohms) 
~ I 1 

LOk ~ R1n =50 Ohms I 
I 
1 

I I 
1 

"100' I_-
I 1 

-:1=- -I 
I 

--1"1011'1_ 
INPUT PULSE OUTPUT 

K.o% w-RistTiml<1.0ns 
FallTiRll <l.Ons 
Nomin" Vllu. of "on" Pulse Width" 400 ns 
Duty Cydti 1.0% 

'0% I 1 

Generator Sourct Impedance" 50 Ohms --I ~i-- _:tt:_ 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 4-17 



MAXIMUM RATINGS 

Reting Symbol Value Unit 

Oraln-Source Voltage VOS 30 Vdc 

Drain-Gate Voltage VOG 30 Vdc 

Reverse Gate-Source Voltage VGSR 30 Vdc 

Forward Gate Current IGF 10 mAde 

Total Device Dissipation @ TA = 25'C Po 350 mW 
Derate above 25'C 2.8 mWrC 

Junction Temperature Range TJ -65 to +150 'c 
Storage Temperature Range Tsta -65 to +150 'c 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = 10 ,..Adc, VOS = 0) 

Gate Reverse Current 
(VGS = -15 Vdc, VOS = 0) 
(VGS = -15 Vdc, VOS = 0, TA = 100'C) 

Drain Cutoff Current 
(VOS = 15 Vde, VGS = -6.0 Vdc) 
(VOS = 15 Vdc, VGS = -6.0 Vde, TA = 100'C) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(VOS = 20 Vdc, VGS = 0) 

Drain-Source On-Voltage 
(10 = 3.0 mAde, VGS = 0) 

Static Drain-Source On Resistance 
(10 = 1.0 mAde, VGS = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Static Orain-Souree "ON" Resistance 
(VGS = 0,10 = 0, f = 1.0 kHz) 

Input Capacitance 
(VOS = 0, VGS = -12 Vdc, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS = 0, VGS = -12 Vdc, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Delay Time 
VOO = 10Vdc, 

10(on) = 3.0 mAde 

Rise Time VGS(on) = 0, 10(on) = 3.0 mAdc 

Turn-Off Delay Time VGS(off) = -10 Vde, 10(on) = 3.0 mAde 

Fall Time 
RG' = 50 ohms 

10(on) = 3.0 mAde 

(1) Pulse Teat: Pulse Width", 300 p.s, Duty Cycle'" 3.0%. 

2N5640 

CASE 29·04, STYLE 5 
TO·92 (TO·226AA) 

1 Drain 

.~-@ 
2 Source 

Symbol 

V(BR)GSS 

IGSS 

10(0ff) 

lOSS 

VOS(on) 

rOS(on) 

rds(on) 

Ciss 

Crss 

td(on) 

tr 

td(off) 

tf 

JFETs 
SWITCHING 

N-CHANNEL - DEPLETION 

Refer to MPF4391 for graphs. 

Min Max 

30 -

- 1.0 
- 1.0 

- 1.0 
- 1.0 

5.0 -

- 0.5 

- 100 

- 100 

- 10 

- 4.0 

- 8.0 

- 10 

- 15 

- 30 

Unit 

Vdc 

nAdc 
,..Adc 

nAde 
,..Ade 

mAde 

Vdc 

Ohms 

Ohms 

pF 

pF 

ns 

ns 

ns 

ns 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Orain-Source Voltage VOS 25 Vdc 

Orain-Gate Voltage VOG 25 Vdc 

Reverse Gate-Source Voltage VGSR 25 Vdc 

Orain Current 10 20 mAde 

Forward Gate Current IG(f) 10 mAde 

Total Oevice Oissipation @ T A = 25·C Po 350 mW 
Oerate above 25·C 2.8 mWrC 

Storage Channel Temperature Range Tsta -65to +150 ·C 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
(lG = 10 pAdc, VOS = 0) . 

Gate Reverse Current IGSS 
(VGS = -15 Vdc, VOS = 0) 
(VGS = -15Vdc,VOS = 0, TA = 100·C) 

Gate Source Cutoff Voltage VGS(off) 
(VOS = 15 Vdc, 10 = 10 nAdc) 2N5668 

2N5669 
2N5670 

ON CHARACTERISTICS 

Zero-Gate-Voltage Orain Current(l) lOSS 
(VOS = 15 Vdc, VGS = 0) 2N5668 

2N5669 
2N5670 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance iYfsi 
(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 2N5668 

2N5669 
2N5670 

Input Admittance Re(Yis) 
(VOS = 15 Vdc, VGS = 0, f = 100 MHz) 

Output Admittance iYosi 
(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 2N5668 

2N5669 
2N5670 

Output Conductance Re(yos) 
(VOS = 15 Vdc, VGS = 0, f = 100 MHz) 2N5668 

2N5669 
2N5670 

Forward Transconductance Re(Yfs) 
(VOS = 15 Vdc, VGS = 0, f = 100 MHz) 2N5668 

2N5669 
2N5670 

Input Capacitance Ciss 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

2N5668 
thru 

2N5670 
CASE 29-04, STYLE 5 

TO-92 (TO-226AA) 

1 Drain 

,~~ 
2 Source 

JFET 
VHF AMPLIFIERS 

N-CHANNEL - OEPLETION 

Refer to 2N5484 far graphs. 

Min Typ Max Unit 

25 - - Vdc 

- - 2.0 nAdc 
- - 2.0 pAdc 

Vdc 
-0.2 - -4.0 
-1.0 - -6.0 
-2.0 - -8.0 

mAde 
1.0 - 5.0 
4.0 - 10 
8.0 - 20 

p.mhos 
1500 - 6500 
2000 - 6600 
3000 - 7500 

- 125 800 p.mhos 

p.mhos 
- - 20 
- - 50 
- - 75 

p.mhos 
- 10 50 
- 25 100 
- 35 150 

p.mhos 
1000 - -
1600 - -
2500 - -
- 4.7 7.0 pF 

- 1.0 3.0 pF 
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2N5668 thru 2N5670 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted.) 

Characteristic Symbol Min 

Output Capacitance Coss -
(VDS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure (Figure 1) NF -
(VDS = 15 Vdc, VGS = 0, f = 100 MHz at RG' = 1.0 k ohm) 

Common Source Power Gain (Figure 1) 
(VDS = 15 Vdc, VGS = 0, f = 100 MHz) 

Gps 16 

(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle"" 10%. 

100 MHz, POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

Rs"500hms 

~'"F 
L1 

It ""a.5 Tumsof#14 AWG Tinned Copper, oi ...... 3/8 ...... 0.9" Lo ... 
Tappad at ""Z·1/2 Turns (adjust to give RG :1.Ok ohm); 
Parallel Resistance· 40 k ohms;tunts It ... 8.0 pF. 

l2 ""3.5 Tur", #16 AWG Tinned Copper; DiB. "" 3/8", ... 1.2" Long. 
Tapped at ... 5 Turns; Parallel Resistance· 40 k ohms; 
tunasat""4.0pF. 

L3 

C2 
1.0-10pF 

O.OlIlF 

l3.., 17 Turns of I2B AWG Enameled 
Copper Wire, Close Wound on 9/32" 
Ceramic: Form. Tuning Provided by. 
Powdered Iron Sliug. 

L2 

Typ Max Unit 

1.4 4.0 pF 

- 2.5 dB 

- - dB 

O.OOl,..f 

a.OllfF 

4-20 Motorola Small-Signal Transistors, FETs and Diodes Device Data 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain Source Voltage VOSS 60 Vdc 

Drain-Gate Voltage VOGR 60 Vdc 
(RGS = 1 MO) 

Gate-Source Voltage 
- Continuous VGS ±20 Vdc 
- Non-repetitive (tp " 50 I'-s) VGSM ±40 Vpk 

Drain Current mAdc 
Continuous 10 200 
Pulsed 10M 500 

Total Power Dissipation @ TC = 25"C Po 350 mW 
Oerate above 25"C 2.B mW/"C 

Operating and Storage TJ, Tstg -55to +150 "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance Junction to Ambient RIJJA 312.5 "C/W 

Maximum Lead Temperature for TL 300 "C 
Soldering Purposes, 1/16" from case 
for 10 seconds 

ELECTRICAL CHARACTERISTICS (TC = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISnCS 

Orain-Source Breakdown Voltage 
(VGS = 0,10 = 10 I£A) 

Zero Gate Voltage Orain Current 
(VOS = 4B V, VGS = 0) 
(VOS = 4B V, VGS = 0, TJ = 125"C) 

Gate-Body Leakage Current, Forward 
(VGSF = 15 Vdc, VOS = 0) 

ON CHARACTERISTICS· 

Gate Threshold Voltage 
(VOS = VGS, 10 = 1.0 mAl 

Static Drain-Source On-Resistance 
(VGS = 10 Vdc, 10 = 0.5 Adc) 
(VGS = 4.5 V, 10 = 75 mAl 

Drain-Source On-Voltage 
(VGS = 10 V, 10 = 0.5 Adc) 
(VGS = 4.5 V, 10 = 75 mAl 

On-State Drain Current 
(VGS = 4.5 V, VOS = 10 V) 

Forward Transconductance 
(VOS = 10 V, 10 = 200 mAl 

DYNAMIC CHARACTERISTICS 

Input Capacitance 

Output Capacitance (VOS = 25 V, VGS = 0 
f = 1.0 MHz) 

Reverse Transfer Capacitance 

SWITCHING CHARACTERISTICS· 

Turn-On Delay Time 

Turn-Off Oelay Time 
(VOO = 15 V, 10 = 500 mA 

Rgen = 25 ohms, RL = 25 ohms) 

(1) Pulse Test: Pulse Width", 300 p.s, Outy Cycle", 2.0%. 

Rev 2 

Motorola SmaU-8ignal Transistors, FETs and Diodes Device Data 

2N7000* 
CASE 29-04, STYLE 22 

TO-92 (TO-226AA) 

TMOS FET 
TRANSISTOR 

1 Source 

N-CHANNEL - ENHANCEMENT 

Symbol 

V(BR)OSS 

lOSS 

IGSSF 

VGS(th) 

rOS(on) 

VOS(on) 

Id(on) 

9fs 

Ciss 

Coss 

Crss 

*This is a Motorola 
designated preferred device. 

Min Max 

60 -
/ 

- 1.0 
- 1.0 

- -10 

O.B 3.0 

- 5.0 
- 6.0 

- 2.5 
- 0.45 

75 -

100 -

- 60 

- 25 

- 5.0 

Unit 

Vdc 

I£Adc 
mA 

nAdc 

Vdc 

Ohm 

Vdc 

mA 

p.mhos 

pF 
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2N7000 
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Figure 1. Ohmic Region 
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Figure 3. Temperature versus Static Drain-Source 
On-Resistance 
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Figure 2. Transfer Characteristics 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VOSS 60 Vdc 

Drain-Gate Voltage (RGS = 1 MO) VOGR 60 Vdc 

Orain Current 10 ±115 mA 
- Continuous TC = 25"C(I) 10 ±75 

TC = 100"C(I) 10M ±BOO 
- Pulsed (2) 

Gate-Source Voltage 
- Continuous VGS ±20 Vdc 
- Non-repetitive (tp ,,50 p.s) VGSM ±40 Vpk 

Total Power Oissipation TC = 25"C Po 200 mW 
TC = 100"C BO 

Oerate above 25"C ambient 1.6 mWf'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Oevice Oissipation FR-5 Board,* Po 225 mW 
TA = 25"C 
Derate above 25"C I.B mWf'C 

Thermal Resistance Junction to Ambient RtJJA 625 "C/W 

Total Oevice Oissipation Po 300 mW 
Alumina Substrate,**TA = 25"C 
Derate above 25"C 2.4 mWf'C 

Thermal Resistance Junction to Ambient RtJJA 417 "C/W 

Junction and Storage Temperature TJ, Tst!l -55 to +150 "C 

*FR·5 ~ 1.0 x 0.75 x 0.062 In. 

**Alumina = 0.4 x 0.3 x 0.025 in 99.5% alumina. 
DEVICE MARKING 

I 2N7002L Tl = 702 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Orain-Source Breakdown Voltage 
(VGS = 0,10 = 10 p.A) 

V(BR)OSS 

Zero Gate Voltage Orain Current lOSS 
(VGS = 0, VOS = 60 V) TJ ~ 25"C 

TJ = 125"C 

Gate-Body Leakage Current Forward IGSSF 
(VGS = 20 Vdc) 

Gate-Body Leakage Current Reverse IGSSR 
(VGS = -20 Vdc) 

(1) The Power Olsslpatlon of the package may result In a lower continuous drain current. 
(2) Pulse Width .. 300 p.s, Outy Cycle .. 2.0%. 

ON CHARACTERISTICS' 

Gate Threshold Voltage VGS(th) 
(VOS = VGS, 10 = 250 pA) 

On-State Ora i n Cu rrent 10(on) 
(VOS" 2.0 VOS(on), VGS = 10 V) 

Static Orain-Source On-State Voltage VDS(on) 
(VGS = 10 V, 10 = 500 rnA) 
(VGS = 5.0 V, 10 ~ 50 rnA) 

Static Orain-Source On-State Resistance rOS(on) 
(VGS = 10 V, 10 = 500 rnA) TC = 25"C 

TC = 125"C 
(VGS = 5.0 V, 10 = 50 rnA) TC = 25"C 

TC = 125"C 

Forward Transconductance 9FS 
(VOS .. 2.0 VOS(on), 10 = 200 rnA) 

Rev! 

Motorola SmaU-8ignal Transistors, FETs and Diodes Device Data 

Min 

60 

-
-
-

-

1.0 

500 

-
-

-
-
-
-
BO 

2N7002LT1* 
CASE 318-07 STYLE 21 

SOT-23 (TO-236AB) 

TMOS FET 
TRANSISTOR 

N-CHANNEL 

*This is a Motorola 
designated preferred devica. 

Refer to 2N7000 for graphs. 

Typ Max 

- -

- 1.0 
- 500 

- 100 

- -100 

- 2.5 

- -

- 3.75 
- .375 

- 7.5 
- 13.5 
- 7.5 
- 13.5 

Unit 

Vdc 

pAdc 

nAdc 

nAdc 

Vdc 

rnA 

Vdc 

Ohms 

- - mmhos 
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2N7002LT1 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Input Capacitance Ciss - - 50 pF 
(VOS = 25 V, VGS = 0, f = 1.0 MHz) 

Output Capacitance Coss - - 25 pF 
NOS = 25 V, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss - - 5.0 pF 
(VOS = 25 V, VGS = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS· 

Turn-On Delay Time (VOO = 25 V, 10 '" 500 rnA, 
Turn-Off Delay Time RG = 25 0, RL = 50 0) 

BODY-DRAIN DIODE RATINGS 

Diode Forward On-Voltage VSD - - -1.5 V 
(IS = 11.5 rnA, VGS = 0 V) 

Source Current Continuous IS - - -115 rnA 
(Body Diode) 

Source Current Pulsed ISM - - -800 rnA 

'Pulse Test: Pulse Width", 300 p.s, Duty Cycle'" 2.0%. 
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BF244A,B 
30raln 

G!~ CASE 29-04, STYLE 22 
TO-92 (TO-226AA) 1 Source 

BF245,A,B,C 30raln 

CASE 29-04, STYLE 23 G:t~ 
MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VOS ±30 Vdc 

Drain-Gate Voltage VOG 30 Vdc 

Gate-Source Voltage VGS 30 Vdc 

Drain Current 10 100 mAdc 

Forward Gate Current IG!f\ 10 mAdc 

Total Device Dissipation @ TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/oC 

Storage Channel Temperature Range TstQ -65 to +150 °C 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = 1.0 I'Adc, VDS = 0) 

Gate-Source 
(VOS = 15 Vdc. 10 = 200 1lA) BF245(1), BF244(2) 

BF245A, BF244A 
BF245B, BF244B 
BF245C 

Gate-Source Cutoff Voltage 
(VOS = 15 Vdc, 10 = 10 nA) 

Gate Reverse Current 
(VGS = 20 Vdc, VOS = 0) 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current 
(VOS = 15 Vdc, VGS = 0) BF245(1), BF244(2) 

BF245A, BF244A 
BF245B, BF244B 
BF245C 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(VOS = 15 Vdc, VGS = 0, f = 1 KHz) 

Output Admittance 
(VOS = 15 Vdc, VGS = 0, f = 1 KHz) 

Forward Transfer Admittance 
(VOS = 15 Vdc, VGS = 0, f = 200 MHz) 

Reverse Transfer Admittance 
(VOS = 15 Vdc, VGS = 0, f = 200 MHz) 

Input Capacitance 
(VOS = 20 Vdc, -VGS = 1 Vdc) 

Reverse Transfer Capacitance 
(VOS = 20 Vdc, -VGS = 1 Vdc, f = 1 MHz) 

Output Capacitance 
(VOS = 20 Vdc, -VGS = 1 Vdc, f = 1 MHz) 

Noise Figure 
(VOS = 15 Vdc, VGS = 0, RG = 1 KO, f = 100 MHz) 

Cut-off Frequency(3) 
(VOS = 15 Vdc, VGS = 0) 

(1) On orders against the BF245, any or all subgroups mIght be shIpped. 
(2) On orders against the BF244, any or all subgroups might be shipped. 
(3) The frequency at which gfs is 0.7 of its value at 1 KHz. 

Motorola SmaU-5ignal Transistors. FETs and Diodes Device Data 

V(BR)GSS 

VGS 

VGS(off) 

IGSS 

lOSS 

IYfsl 

IYosl 

IYfsl 

IYrsl 

Ciss 

Crss 

Coss 

NF 

F(Yfs) 

TO-92 (TO-226AA) 

3 

JFET 
VHF/UHF AMPLIFIERS 

N-CHANNEL - DEPLETION 

Refer to 2N5484 for graphs. 

Min Typ Max 

30 - -

0.4 - 7.5 
0.4 - 2.2 
1.6 - 3.B 
3.2 - 7.5 

-0.5 - -8 

- - 5 

2 25 
2 6.5 
6 15 
12 25 

3.0 6.5 

40 

5.6 

1.0 

3 

0.7 

0.9 

1.5 

700 

2 Source 

Unit 

V 

V 

V 

nA 

mA 

mmhos 

I'mhos 

mmhos 

mmhos 

pF 

pF 

pF 

db 

MHz 
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MAXIMUM RATINGS 
Rating Symbol Value 

Orain-Source Voltage VOS ±25 

Orain-Gate Voltage VOG 25 

Gate-Source Voltage VGS 25 

Orain Current 10 100 

Forward Gate Current IGlfl 10 

Total Oevice Oissipation @ TA = 25°C Po 350 
Oerate above 25°C 2.8 

Storage Channel Temperature Range Tstg -65 to +150 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mW 
mW/oC 

°C 

3 Drain BF246A,B 
CASE 29-04, STYLE 22 

TO-92 (TO-226AA) 
G~~ 

BF247B 
CASE 29-04, STYLE 5 

TO-92 (TO-226AA) 

"/ 3 
JFETs 

SWITCHING 

N-CHANNEL - OEPLETION 

Refer to MPF4391 for graphs. 

1 Sou ... 

1 Drain 

2 Source 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 1 ~A, VOS = 0) 

Gate-Source 
(VOS = 15 V, 10 = 200 ~A) 

Gate-Source Cutoff Voltage 
(VOS = 15 V, 10 = 10 nA) 

Gate Cutoff Current 
(VGS = 15 V, VOS = 0) 

ON CHARACTERISTICS 

Zero-Gate Voltage Orain Current 
(VOS = 15 V, VGS = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(VOS = 15 V, 10 = 10 rnA, f = 1 kHz) 

Reverse Transfer Capacitance 
(VOS = 15 V, 10 = 10 rnA, f = 1 kHz) 

Input Capacitance 
(VOS = 15 V, 10 = 10 rnA, f = 1 MHz) 

Output Capacitance 
(VOS = 15 V, 10 = 10 rnA, f = 1 MHz) 

Cutoff Frequency 
(VOS = 15 V, VGS = 0) 

V(BR)GSS 

VGS 
BF246A 
BF246B, BF247B 

VGS(off) 

IGSS 

BF246A 
BF246B, BF247B 

IYfsl 

Crss 

Cin 

Cout 

F(Yfs) 

Min Typ Max Unit 

V 
25 - -

V 
-1.5 - -4 
-3 - -7 

V 
0.6 - 14.5 

nA 
- - 5 

mmhos 
8 23 

pF 
3.3 

pF 
6 

pF 
5 

MHz 
450 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VDS ±30 Vdc 

Drain-Gate Voltage VOG 30 Vdc 

Gate-Source Voltage VGS 30 Vdc 

Drain Current 10 100 mAdc 

Forward Gate Current IG(f) 10 mAdc 

Total Device Oissipation @ T A = 25°C Po 350 mW 
Derate above 25°C 2.8 mWj"C 

Storage Channel Temperature Range Tstg -65 to +150 °C 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 1.0 flAdc. VDS = 0) 

Gate-Source Voltage 
(VDS = 15 Vdc, 10 = 200 flA) 

Gate Reverse Current 
(VGS = 20 Vdc, VDS = 0) 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current) 
(VOS = 15 Vdc, VGS = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(VOS = 15 Vdc, VGS = 0, f = 1 kHz) 

Reverse Transfer Capacitance 
(VOS = 20 Vdc, -VGS = lVdc, f = 1 MHz) 

Output Capacitance 
(VOS = 20 Vdc, VGS = 0, f = 1 MHz) 

Noise Figure 
(VOS = 10 Vdc, Rs = 47Q, f = 800 MHz) 

Cut-off Frequency(2) 
(VDS = 15 Vdc, VGS = 0) 

Power Gain 
(VDS = 15 Vdc, Rs = 47 Q, f =800 MHz) 

BF256B 
BF256C 

(l)The frequency at which gfs is 0.7 of its value at 1 kHz. 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

V(BR)GSS 

VGS(off) 

IGSS 

IYfs I 

Crss 

Coss 

NF 

fgfs 

Gp 

BF256B,C 

CASE 29-04, STYLE 23 
TO-92 (TO-226AA) 

1 Drain 

~-@ 
2 Source 

JFET 
VHF/UHF AMPLIFIERS 

N-CHANNEL - DEPLETION 

Refer to 2N5484 for graphs. 

Min Typ Max 

30 - -

-0.5 - -7.5 

- - 5 

4.5 5 -

- 0.7 -

- 1.0 -
- 7.5 -

- 1000 -

- 11 -

Unit 

Vdc 

Vdc 

nAdc 

mmhos 

pF 

pF 

db 

MHz 

dB 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage VOS 25 

Gate-Source Voltage VGS 25 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 
Total Device Dissipation FR-5 Board,' Po 225 

TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Total Device Dissipation Po 300 
Alumina Substrate," TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, Tsta -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 ,n. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BFR30LTl = Ml; BFR31LTl = M2 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate Reverse Current 
(VGS = 10 Vdc, VOS = 0) 

Gate Source Cutoff Voltage 
(10 = 0.5 nAdc, VOS = 10 Vdc) 

Gate Source Voltage 
(10 = 1.0 mAde, VDS = 10 Vdc) 

(10 = 50 pAdc, VOS = 10 Vdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(VOS = 10 Vdc, VGS = 0) 

Characteristic 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transconductance 
(10 = 1.0 mAde, VOS = 10 Vdc, f = 1.0 kHz) 

(10 = 200 pAdc, VOS = 10 Vdc, f = 1.0 kHz) 

Output Admittance 
(10 = 1.0 mAde, VOS = 10 Vdc, f = 1.0 kHz) 
(10 = 200 pAdc, VOS = 10 Vdc) 

Input Capaci1ance 
(10 = 1.0 mAde, VOS = 10 Vdc, f = 1.0 MHz) 
(10 = 200 pAdc, VOS = 10 Vdc, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(10 = 1.0 mAde, VOS = 10 Vdc, f = 1.0 MHz) 
(10 = 200 pAdc, VOS = 10 Vdc, f = 1.0 MHz) 

Note: "LT1" must be used when ordering SOT-23 devices. 

Unit 

Vdc 

Vdc 

Unit 

mW 

mWf'C 
0c/w 

mW 

mWf'C 
0c/w 

°C 

BFR30 
BFR31 

BFR30 
BFR31 

BFR30 
BFR31 

BFR30 
BFR31 

BFR30 
BFR31 

BFR30 
BFR31 

BFR31 
BFR31 

BFR30LTl 
BFR31LTl 

CASE 318-07, STYLE 10 
SOT -23 (TO-236AB) 

2 Source 

,~' ,~-@ 

Symbol 

IGSS 

VGS(off) 

VGS 

IYfsl 

IYosl 

Ciss 

Crss 

JFET 
AMPLIFIERS 

N-CHANNEL 

1 Drain 

Refer to 2N5457 for graphs. 

Min Max 

- 0.2 

- 5.0 
- 2.5 

-0.7 -3.0 
- -1.3 

- -4.0 
- -2.0 

1.0 4.0 
1.5 4.5 

0.5 -
0.75 -

40 25 
20 15 

- 5.0 
- 4.0 

- 1.5 
- 1.5 

Unit 

nAdc 

Vdc 

Vdc 

mAde 

pAdc 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VOS 200 Vdc 

Gate-Source Voltage 
- Continuous VGS ±20 Vdc 
- Non-repetitive (tp " 50 /,s) VGSM ±30 Vpk 

Drain Current 
Continuous(l) 10 250 mAdc 
Pulsed(2) 10M 500 

Total Device Dissipation @ TA = 25°C Po 350 
Derate above 25°C 

Operating and Storage Junction T J, Tstg -55 to 150 
Temperature Range 

(1) The Power Dissipation of the package may result in a lower continuous drain current. 
(2) Pulse Width < 300 p-s, Duty Cycle < 2.0%. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(VOS = 130 V, VGS = 0) 

Drain-Source Breakdown Voltage 
(VGS = 0, 10 = 100 /'A) 

Gate Reverse Current 
(VGS = 15 Vdc, VOS = 0) 

ON CHARACTERISTICS· 

Gete Threshold Voltage 
(10 = 1.0 mA, VOS = VGS) 

Static Drain-Source On Resistance 
BS107 
(VGS = 2.6 V, 10 = 20 mAl 
(VGS = 10 V, 10 = 200 mAl 
BS107A 
(VGS = 10 Vdc) 
(10 = 100 mAl 
(io = 250 mAl 

SMALL-8IGNAL CHARACTERISTICS 

input Capacitance 
(VOS = 25 V, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS = 25 V, VGS = 0, f = 1.0 MHz) 

Output Capacitance 
(VOS = 25 V, VGS = 0, f = 1.0 MHz) 

Forward Transconductance 
(VOS = 25 V, 10 = 250 mAl 

SWrrCHING CHARACTERISTICS 

Turn-On Time 

Turn-Off Time 

·Pulse Test: Pulse Width"" 300 1'8, Duty Cycle"" 2.0%. 

Rev 1 

Motorola SmalJ-Signal Transistors, FETs and Diodes Device Data 

mW 

°C 

Symbol 

lOSS 

V(BR)OSX 

IGSS 

VGS(Th) 

rOS(on) 

Ciss 

Crss 

Coss 

9fs 

BSI07,A* 
CASE 29-04, STYLE 30 

TO-92 (TO-226AA) 

1 Drain 

~ 
3 Source 

TMOS 
SWITCHING 

N-CHANNEL - ENHANCEMENT 

*BS107A is a Motorola 
designated preferred device. 

Min Typ Max 

- - 30 

200 - -

- 0.01 10 

1.0 - 3.0 

- - 28 
- - 14 

- 4.5 6.0 
- 4.8 6.4 

- 60 -

- 6.0 -

- 30 -

200 400 -

Unit 

nAdc 

Vdc 

nAdc 

Vdc 

Ohms 

pF 

pF 

pF 

mmhos 
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BS107,A 

RESlmVE SWITCHING 

FIGURE 1 - SWITCHING TEST CIRCUIT FIGURE 2 - SWITCHING WAVEFORMS 

+25V 

23 To Sampling Scope 

f-20(jjj"-l-_.g:..:::..::.;~,,:50 n Input 
Vout 

Input Vin 

FIGURE 3 - ON VOLTAGE v_a TEMPERATURE FIGURE 4 - CAPACITANCE VARIATION 
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o. 1 
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TJ. JUNCTION TEMPERATURE (OCI 

fIGURE 5 - TRANSFER CHARACTERISTIC 
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FIGURE 6 - OUTPUT CHARACTERISTIC 
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BS107,A 

FIGURE 7 - SATURATION CHARACTERISTIC 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VOS 60 Vdc 

Gate-Source Voltage 
- Continuous VGS ±20 Vdc 
- Non-repetitive (tp " 50 1'8) VGSM ±40 Vpk 

Drain Current(1) 10 0.5 Adc 

Total Device ~issipation @ TA = 25°C Po 350 mW 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 °C 

(1) The Power Dissipation of the package may result in a lower continuous drain current. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate Reverse Current 
(VGS = 15 V, VOS = 0) 

Drain-Source Breakdown Voltage 
(VGS = 0, 10 = 100 pAl 

ON CHARACTERISTICS(2) 

Gate Threshold Voltage 
(VOS = VGS, 10 = 1.0 rnA) 

Static Drain-Source On Resistance 
(VGS = 10 V, 10 = 200 rnA) 

Drain Cutoff Current 
(VOS = 25 V, VGS = 0 V) 

Forward Transconductance 
(VOS = 10 V, 10 = 250 rnA) 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance 
(VOS = 10 V, VGS = 0, t = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(10 = 0.2 A) See Figure 1 

Turn-Off Time 
(10 = 0.2 A) See Figure 1 

(2) Pulse Test: Pulse Width", 300 1'8, Duty Cycle'" 2.0%. 

Rev 1 

Symbol 

IGSS 

V(BR)OSS 

VGS(Th) 

rOS(on) 

ID(off) 

gts 

ton 

toff 

85170* 
CASE 29-04, STYLE 30 

TO-92 (TO-226AA) 

,'~ 3 Source 

TMOS FET 
SWITCHING 

N-CHANNEL - ENHANCEMENT 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

- 0.01 10 

60 90 -

0.8 2.0 3.0 

- 1.8 5.0 

- - 0.5 

- 200 -

- 4.0 10 

- 4.0 10 

Unit 

nAdc 

Vdc 

Vdc 

Ohms 

pA 

mmhos 

ns 

ns 
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B5170 

RESISTIVE SWITCHING 

FIGURE 1 - SWITCHING TEST CIRCUIT 

+ 25 V 
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FIGURE 2 - SWITCHING WAVEFORMS 
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MAXIMUM RATINGS 

Rating Symbol Valua Unit 

Drain-Source Voltage VOSS 200 Vdc 

Gate-Source Voltage 
- Continuous VGS ±20 Vdc 
- Non-repetitive (tp " 50 "") VGSM ±40 Vpk 

Drain Current - Continuous (1) 10 400 mAde 
- Pulsed (2) 10M BOO 

Total Power Dissipation @TA = 25°C Po 350 mW 
Derate above 25°C 2.B mWrC 

Operating and Storage 
Temperature Range 

TJ, Tstg -55 to +150 °c 

Thermal Resistance Junction to Ambient 8JA 20B °C/W 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

Off CHARACTERISTICS 

Drain-Source Breakdown Voltage (VGS = 0, 10 = 0.5 rnA) V(BR)OSS 

Zero Gate Voltage Drain Current lOSS 
(VOS = 200 V, VGS = 0) 

Gate-Body Leakage Current IGSS 
(VGS = 20 V, VOS = 0) 

ON CHARACTERISTICS' 

Gate Threshold Voltage (10 = 1.0 mA, VOS = VGS) VGS(th) 

Drain-Source On-Voltage (VGS = 10 V) VOS(on) 
(10 = 100 rnA) 
(10 = 300 rnA) 
(10 = 500 rnA) 

On-State Drain Current 
(VOS = 25 V, VGS = 10 V) 

10(on) 

Static Drain-Source On-Resistance (VGS = 10 Vdc) rOS(on) 
(10 = 150 rnA) 
(10 = 300 rnA) 
(10 = 500 rnA) 

Forward Transconductance (VOS = 25 V, 10 = 300 mAl 9fs 

DYNAMIC CHARACTERISTICS 

Input Capacitance Ciss 
(VOS = 25 V, VGS = 0, f = 1.0 MHz) 

Output Capacitance Coss 
(VOS = 25 V, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(VOS = 25 V, VGS = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS' 

Turn-On Time (See Figure 1) 

Turn-Off Time (See Figure 1) 

(1) The Power Dissipation of the package may result in a lower continuous drain current. 
(2) Pulse Width .. 300 I's, Duty Cycle .. 2.0%. 

Min 

200 

-

-

1.0 

-
-
-
500 

-
-
-
140 

-

-

-

BSS89 
CASE 29-04, STYLE 7 

TO-92 (TO-226AA) 

2 Drain 

~ 
1 Source 

TMOS FET 
TRANSISTOR 

N-CHANNEL - ENHANCEMENT 

Ref.r to 8S107 for graphs. 

Typ Max 

- -
0.1 60 

0.Q1 100 

- 2.7 

0.45 0.6 
1.2 1.B 
3.0 -
700 -

4.5 6.0 
- 6.0 
6.0 -

Unit 

Vdc 

!lAdc 

nAdc 

Vdc 

Vdc 

mA 

Ohms 

400 - mmhos 

72 - pF 

15 - pF 

2.B - pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VOSS 100 Vdc 

Gate-Source Voltage 
- Continuous VGS ±20 Vdc 
- Non-repetitive (tp " 50 p.s) VGSM ±40 Vpk 

Drain Current Adc 
Continuous (1) 10 0.17 
Pulsed (2) 10M 0.68 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,· Po 225 mW 
TA = 25°C 
Derate above 25°C 1.8 mWrC 

Thermal Resistance Junction to Ambient R8JA 556 °CIW 

Junction and Storage Temperature TJ, Tstll -55 to +150 °C 

*FR-5 = 1.0 x 0.75 x 0.062 In. 

DEVICE MARKING 

I BSSI23LT1 = SA 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(VGS = 0, 10 = 250 p.A) 

Zero Gate Voltage Drain Current 
(VGS = 0, VDS = 100 V) TJ = 25°C 

TJ = 125°C 

Gate-Body Leakage Current 
(VGS = 20 Vdc, VDS = 0) 

ON CHARACTERISTICS· 

Gate Threshold Voltage 
(VDS = VGS, 10 = 1.0 rnA) 

Static Drain-Source On-Resistance 
(VGS = 10 Vdc, 10 = 100 rnA) 

Forward Transconductance 
(VDS = 25 V, 10 = 100 rnA) 

DYNAMIC CHARACTERISTICS 

Input Capacitance 
(VDS = 25 V, VGS = 0, f = 1.0 MHz) 

Output Capacitance 
(VDS = 25 V, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VDS = 25 V, VGS = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS· 

Turn-On Delay Time 

Turn-Off Delay Time 

REVERSE DIODE 

(VCC = 30 V, IC = 0.28 A, 
VGS = 10V,RGS = 50n) 

Diode Forward On-Voltage 
(10 = 0.34 A, VGS = 0 V) 

V(BR)DSS 

lOSS 

IGSS 

VGS(th) 

rDS(on) 

9fs 

Ciss 

Coss 

Crss 

(1) The Power Dissipation of the package may result in a lower continuous drain current. 
(2) Pulse Width"" 300 p.s, Duty Cycle"" 2.0%. 
*Pulse Test: Pulse Width"" 300 p.s, Duty Cycle"" 2.0%. 

Rev 2 
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Min 

100 

-
-
-

0.8 

-
80 

-

-

-

BSS123LT1* 
CASE 318-07, STYLE 21 

SOT-23 (TO-236AB) 

TMOS FET 
TRANSISTOR 

N-CHANNEL 

*This is a Motorola 
designated preferred device. 

Refer to 2N7000 for graphs. 

Typ Max 

- -

- 15 
- 60 

- 50 

- 2.8 

5.0 6.0 

- -

20 -

9.0 -

4.0 -

Unit 

Vdc 

p.Adc 

nAdc 

Vdc 

Ohms 

mmhos 

pF 

pF 

pF 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

TMOS Field Effect Transistor 
Dual In-Line Package 
N-Channel Enhancement Mode 

• Ideal for Peripheral Control Applications 

• Intermediate 1 Watt Power Capability 

• Standard DIP Outline 

1 DRAIN 

~~ 

IRFD110 
IRFD113 

TMOSFET 
TRANSISTORS 

FETDIP 

CASE 370-01, STYLE 1 
3 SOURCE 

MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

Rating Symbol IRFDll0 IRFD113 Unit 

Drain-Source Voltage VOSS 100 60 Vdc 

Drain-Gate Voltage VOGR 100 60 Vdc 
(RGS = 20 lID) 

Gate-Source Voltage VGS ±20 Vdc 

Drain Current - Continuous T C = 25°C 10 1.0 0.8 Adc 
-Pulsed 10M 8.0 6.4 

Total Power Dissipation @ TC = 25°C Po 1.0 Watts 
Derate above 25°C 8.0 mW/"C 

Operating and Storage Temperature Range TJ, Tstg -55 to +150 °C 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-ta-Ambient 120 

Rev 1 
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IRFD110 IRFD113 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless olherwise noled) 

I Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Vollage IRFOll0 V(BR)OSS 100 - - Vdc 
(VGS = 0, 10 = 250 !LA) IRF0113 60 - -

Zero Gale Voltage Drain Current (VOSS = Rated VOSS, VGS = 0 V) lOSS - - 250 IJAdc 

Gate-Body Leakage Current, Forward (VGSF = 20 V) IGSSF - - 500 nAdc 

Gate-Body Leakage Current, Reverse (VGSR = -20 V) IGSSR - - -500 nAdc 

ON CHARACTERISTICS 

Gate Threshold Voltage VGS(th) 2.0 - 4.0 Vdc 
(10 = 250 IJA, VOS = VGS) 

Static Drain-Source On-Resistance (1) IRFOll0 ROS(on) - - 0.6 Ohms 
(VGS = 10 Vdc, 10 = 0.8 A) IRF0113 - - 0.8 

On-Slate Drain Current (1) IRFOll0 10(on) 1.0 - - Adc 
(VGS = 10 V, VOS = 5.0 V) IRF0113 O.B - -

Forward Transconductance (1) 9FS 0.8 - - mhos 
(10 = O.B A, VOS = 5.0 V) 

CAPACITANCE 

Input Capacitance Ciss - - 200 pF 

Output Capacitance (VOS = 25 V, VGS = 0, 
Coss - - 100 

f= 1.0 MHz) 
Reverse Transfer Capacitance Crss - - 25 

SWITCHING CHARACTERISTICS 

Turn-On Delay Time id(on) - - 20 ns 

Rise Time (VOS = 0.5 V (BR)OSS, Ir - - 25 

Turn-Off Delay Time 10 = O.B A, Zo = 50 Q) id(off) - - 25 

Fall Time If - - 20 

SOURCE-DRAIN DIODE CHARACTERISTICS 

Diode Forward Voltage (V GS = 0) IS=I.0A,IRF0110 VF - - 2.5 Vdc 
IS = 0.8 A, IRF0113 - - 2.0 

Continuous Source Current, Body Diode IRFOll0 IS - - 1.0 Adc 
IRF0113 - - 0.8 

Pulsed Source Currenl, Body Diode IRF0110 ISM - - 8.0 A 
IRF0113 - - 6.4 

Forward Turn-On Time I Ion negligible ns 

Reverse Recovery Time I 
(IS = Raled IS, VGS = 0) 

100 Irr - -
1. Pulse Test: Pulse Width,;; 300 1lS, Duty Cycle,;; 2.0%. 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

TMOS Field Effect Transistor 
Dual In-Line Package 
N-Channel Enhancement Mode 

• Ideal for Peripheral Control Applications 

• Intermediate 1 Watt Power Capability 

• Standard DIP Outline 

1 DRAIN 

IRFD120 
IRFD123 

TMOSFET 
TRANSISTORS 

FETDIP 

~~~ 
CASE 370-01, STYLE 1 

3 SOURCE 
MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol IRFD120 IRFD123 Unit 

Drain-Source Voltage VOSS 100 60 Vdc 

Drain-Gate Voltage VOGR 100 60 Vdc 
(RGS=201dl) 

Gate-Source Voltage VGS ±20 Vdc 

Drain Current - Continuous TC = 25°C 10 1.3 1.1 Adc 
-Pulsed 10M 5.2 4.4 

Total Power Dissipation @ TC = 25°C Po 1.0 Watts 
Derate above 25°C 8.0 mWrC 

Operating and Storage Temperature Range TJ. Tstg -5510+150 ·C 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-to-Ambient 120 

Rev 1 
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IRFD120 IRFD123 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

I Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage IRF0120 V(BR)OSS 100 - - Vdc 
(VGS = 0, 10 = 250 j.tA) IRFD123 60 - -

Zero Gate Voltage Drain Current (VOSS = Rated VOSS, VGS = a V) loSS - - 250 j.tAdc 

Gate-Body Leakage Current, Forward (VGSF = 20 V) IGSSF - - 500 nAdc 

Gate-Body Leakage Current, Reverse (VGSR = -20 V) IGSSR - - -500 nAdc 

ON CHARACTERISTICS 

Gate Threshold Voltage VGS(th) 2.0 - 4.0 Vdc 
(10 = 250 /lA, VOS = VGS) 

Static Drain-Source On-Resistance (1) IRF0120 ROS(on) - - 0.3 Ohms 
(VGS = 10 Vdc, 10 = 0.6 A) IRF0123 - - 0.4 

On-State Drain Current (1) IRF0120 10(on) 1.3 - - Adc 
(VGS = 10 V, VOS = 5.0 V) IRFD123 1.1 - -

Forward Transconductance (1) 9FS 0.9 - - mhos 
(10 = 0.6 A, VOS = 5.0 V) 

CAPACITANCE 

Input Capacitance Ciss - - 600 pF 

Output CapaCitance (VOS = 25 V, VGS = 0, 
Coss - - 400 

f= 1.0 MHz) 
Reverse Transfer Capacitance Crss - - 100 

SWITCHING CHARACTERISTICS 

Tum-On Delay Time td(on) - - 40 ns 

Rise Time (VOS = 0.5 V(BR)OSS, tr - - 70 

Tum-Off Delay TIme 10 = 0.6 A, Zo= 50 (I) id(off) - - 100 

Fall TIme tf - - 70 

SOURCE-DRAIN DIODE CHARACTERISTICS 

Diode Forward Voltage (VGS = 0) IS = 1.3A, IRFD120 VF - - 2.5 Vdc 
IS = 1.1 A, IRF0123 - - 2.3 

Continuous Source Current, Body Diode IRF0120 IS - - 1.3 Adc 
IRFD123 - - 1.1 

Pulsed Source Current, Body Diode IRF0120 ISM - - 5.2 A 
IRF0123 - - 4.4 

Forward Tum-On TIme I Ion negligible ns 
(Is = Rated IS, VGS = 0) 

Reverse Recovery Time I trr - 280 -
1. Pulse Test: Pulse WIdth S; 300 /lS, Duty Cycle'; 2.0%. 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

TMOS Field Effect Transistor 
Dual In-Line Package 
N-Channel Enhancement Mode 

• Ideal for Peripheral Control Applications 

• Intermediate 1 Watt Power Capability 

• Standard DIP Outline 

1 DRAIN 

~~ 

IRFD210 
IRFD213 

TMOSFET 
TRANSISTORS 

FETDIP 

CASE 370-01, STYLE 1 
3 SOURCE 

MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

Rating Symbol IRFD210 IRFD213 Unit 

Drain-Source Voltage VOSS 200 150 Vdc 

Drain-Gate Voltage VOGR 200 150 Vdc 
(RGS= 20 kO) 

Gate-Source Voltage VGS ±20 Vdc 

Drain Current - Continuous TC = 25°C 10 0.6 0.45 Adc 
-Pulsed 10M 2.5 1.8 

Total Power Dissipation @ TC = 25°C Po 1.0 Watts 
Oerale above 25°C 0.008 mWPC 

Operating and Storage Temperature Range TJ, Tstg -55 to +150 °C 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-to-Ambient 120 

Rev 1 
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IRFD210lRFD213 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

I Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage IRFD210 V(BR)DSS 200 - - Vdc 
(VGS = 0, ID = 250 11A) IRF0213 150 - -

Zero Gate Voltage Drain Current (VDSS = Rated VOSS, VGS = 0 V) lOSS - - 250 I1Adc 

Gate-Body Leakage Current, Forward (VGSF = 20 V) IGSSF - - 500 nAdc 

Gate-BodY Leakage Current, Reverse (VGSR = -20 V) IGSSR - - -500 nAdc 

ON CHARACTERISTICS 

Gate Threshold Voltage 
(10 = 250 11A, VOS = VGS) 

VGS(th) 2.0 - 4.0 Vdc 

Static Drain-Source On-Resistance (1) IRF0210 RDS(on) - - 1.5 Ohms 
(VGS = 10 Vdc, 10 = 0.3 A) IRF0213 - - 2.4 

On-State Drain Current (1) IRF0210,IRFD211 ID(on) 1.5 - - Adc 
(VGS = 10 V, VOS = 5.0 V) IRF0212,IRFD213 2.4 - -

Forward Transconduciance (1) 9FS 0.5 - - mhos 
(10 = 0.3 A, VOS = 5.0 V) 

CAPACITANCE 

Input Capacitance Ciss - - 150 pF 

Output Capacitance (VDS = 25 V, VGS = 0, Coss - - 80 
f= 1.0 MHz) 

Reverse Transfer Capacitance Crss - - 25 

SWITCHING CHARACTERISTICS 

Turn-On Delay Time td(on) - - 15 ns 

Rise Time (VDS ~ 0.5 V(BR)DSS, tr - - 25 

Tum-Off Delay Time 10 = 0.3 A, Zo = 50 0) lcJ(oll) - - 15 

Fall Time tf - - 15 

SOURCE-DRAIN DIODE CHARACTERISTICS 

Diode Forward Voltage (VGS = 0) IS = 0.6 A, IRFD210 VF - - 2.0 Vdc 
IS = 0.45 A, IRFD213 - - 1.8 

Continuous Source Current, Body Diode IRF0210 IS - - 0.6 Adc 
IRF0213 - - 0.45 

Pulsed Source Current, Body Diode IRF0210 ISM - - 2.5 A 
IRF0213 - - 1.8 

Forward Tum-On Time I Ion negligible ns 

Reverse Recovery Time L 
(Is = Rated IS, VGS = 0) 

290 trr - -
1. Pulse Test: Pulse Width,; 300 ~, Duty Cycle,; 2.0%. 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

TMOS Field Effect Transistors 
Dual In-Line Package 
N-Channel Enhancement Mode 

• Ideal for Peripheral Control Applications 

• Intermediate 1 Watt Power Capability 

• Standard DIP Outline 

1 DRAIN 

~~ 
3 SOURCE 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

IRFD220 
IRFD223 

TMOSFET 
TRANSISTORS 

FETDIP 

CASE 370-01, STYLE 1 

Rating Symbol IRFD220 IRFD223 Unh 

Drain-Source Voltage VOSS 200 150 Vdc 

Drein-Gate Voltage VOGR 200 150 Vdc 
(RGS=20kn) 

Gate-Source Voltage VGS ±20 Vdc 

Drain Current - Continuous TC = 25°C 10 0.8 0.7 Adc 
-Pulsed 10M 2.4 5.6 

Total Power Oissipation @ TC = 25°C Po 1.0 Watts 
Oerate above 25°C 0.008 mWfC 

Operating and Storage Temperature Range TJ, Tstg -5510+150 °c 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-to-Ambient RaJA 120 °CIW 

Rev! 
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IRFD220lRFD223 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

I Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Orain-Source Breakdown Voltage IRF0220 V(BR)OSS 200 - - Vdc 
(VGS = 0, 10 = 250 ItA) IRF0223 150 - -

Zero Gate Voltage Orain Current (VOSS = Rated VOSS, VGS = a V) lOSS - - 250 ItAdc 

Gate-Body Leakage Current, Forward (V GSF = 20 V) IGSSF - - 500 nAdc 

Gate-Body Leakage Current, Reverse (VGSR = -20 V) 'GSSR - - -500 nAdc 

ON CHARACTERISTICS 

Gate Threshold Voltage VGS(th) 2.0 - 4.0 Vdc 
(10 = 250 ItA, VOS = VGS) 

Static Orain-Source On-Resistance (1) IRF0220 ROS(on) - - 0.8 Ohms 
(VGS = 10 Vdc, 10 = 0.4 A) IRF0223 - - 1.2 

On-State Orain Current (1) IRF0220 10(on) 0.8 - - Adc 
(VGS = 10 V, VOS = 5.0 V) IRF0223 0.7 - -

Forward Transconductance (1) 9FS 0.5 - - mhos 
(10 = 0.4 A, VOS = 5.0 V) 

CAPACITANCE 

Input Capacitance Ciss - - 600 pF 

Output Capacitance (VOS = 25 V, VGS = 0, 
Coss - - 300 

f = 1.0 MHz) 
Reverse Transfer Capacitance Crss - - 80 

SWITCHING CHARACTERISTICS 

Tum-On Oelay Time Id(on) - - 40 ns 

Rise Time (VOS ~ 0.5 V(BR)OSS, tr - - 60 

Turn-Off Oelay Time 10 = 0.4 A, Zo= 50 0) Id(off) - - 100 

Fall Time tf - - 60 

SOURCE-DRAIN DIODE CHARACTERISTICS 

Oiode Forward Voltage (V GS = 0) IS = 0.8 A, IRF0220 VF - - 2.0 Vdc 
IS = 0.7 A, IRF0223 - - 1.8 

Continuous Source Current, Body Oiode IRF0220 IS - - 0.8 Adc 
IRF0223 - - 0.7 

Pulsed Source Current, Body Oiode IRF0220 ISM - - 6.4 A 
IRF0223 - - 5.6 

Forward Turn-On Time I Ion negligible ns 

Reverse Recovery Time I 
(IS = Rated IS, VGS = 0) 

trr 150 - -
1. Pulse Test: Pulse WIdth ~ 300 ItS, Duty Cycle ~ 2.0%. 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

TMOS Field Effect Transistor 
Dual In-Line Package 
P-Channel Enhancement Mode 

• Ideal for Peripheral Control Applications 

• Intermediate 1 Watt Power Capability 

• Standard DIP Outline 

1 DRAIN 

~~ 
3 SOURCE 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

IRFD9120 
IRFD9123 

TMOSFET 
TRANSISTORS 

FETDIP 

CASE 370-01, STYLE 1 

Rating Symbol IRFD9120 IRFD9123 Unit 

Drain-Source Voltage 

Drain-Gate Voltage 
(RGS = 20 1<.0) 

Gate-Source Voltage 

Drain Current - Continuous T C = 25°C 
-Pulsed 

Total Power Dissipation @ TC = 25°C 
Derate above 25°C 

Operating and Storage Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-to-Ambient 
(Free Air Operation) 

Rev 1 

4-44 

VDSS 100 60 Vdc 

VDGR 100 60 Vdc 

VGS ±20 Vdc 

ID 1.0 0.8 Adc 
IDM 8.0 6.4 

PD 1.0 Walls 
8.0 mWI"C 

TJ, Tstg -55 to +150 °c 

120 
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IRFD9120lRFD9123 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

I Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage IRF09120 V(BR)OSS 100 - - Vdc 
(VGS = 0, 10 = -250!lA) IRF09123 60 - -

Zero Gate Voltage Drain Current (VOSS = Rated VOSS, VGS = a V) lOSS - - 250 !lAdc 

Gate-Body Leakage Current, Forward (VGSF = -20 V) IGSSF - - 500 nAdc 

Gate-Body Leakage Current, Reverse (VGSR = 20 V) 'GSSR - - 500 nAdc 

ON CHARACTERISTICS 

Gate Threshold Voltage 
(10 = -250 !lA, VOS = VGS) 

VGS(th) 2.0 - 4.0 Vdc 

Static Drain-Source On-Resistance (1) IRF09120 ROS(on) - - 0.6 Ohms 
(VGS = -10 Vdc, 10 = -O.B A) IRF09123 - - O.B 

On-State Drain Current (1) IRF09120 10(on) 1.0 - - Adc 
(VGS = 10 V, VOS = -5.0 V) IRF09123 O.B - -

Forward Transconductance (1) 9FS O.B - - mhos 
(10 = -O.B A, VOS = -5.0 V) 

CAPACITANCE 

Input Capacitance Ciss - - 450 pF 

Output Capacitance (VOS = -25 V, VGS = 0, 
Coss - - 350 

f= 1.0 MHz) 
Reverse Transfer Capacitance Crss - - 100 

SWITCHING CHARACTERISTICS 

Turn-On Delay Time td(on) - - 50 ns 

Rise Time (VOS ~ 0.5 V(BR)OSS, Ir - - 100 

Turn-Off Delay Time 10 =-O.B A, Zo= 50 0) id(off) - - 100 

Fall Time If - - 100 

SOURCE-DRAIN DIODE CHARACTERISTICS 

Diode Forward Vollage (VGS = 0) IS =-1.0A, IRF09120 VF - - 6.3 Vdc 
IS = -O.B A, IRF09123 - - 6.0 

Conlinuous Source Current, Body Diode IRF09120 IS - - 1.0 Adc 
IRFD9123 - - O.B 

Pulsed Source Currenl, Body Diode IRFD9120 ISM - - B.O A 
IRF09123 - - 6.4 

Forward Tum-On Time I Ion negligible ns 

Reverse Recovery Time I 
(IS = Rated 'S, VGS = 0) 

150 Irr - -
1. Pulse Test: Pulse Width,; 300 1lS, Duty Cycle'; 2.0%. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Gate Voltage VDG -35 Vdc 

Gate-Source Voltage VGS -35 Vdc 

Gate Current IG 50 mA 

Total Device Dissipation @ T A = 25·C Po 350 mW 
Derate above 25·C 2.8 mWrC 

Lead Temperature TL 300 ·C 

Operating and Storage Junction TJ, Tstg -65 to +150 ·C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = -1.0 pA) 

Gate Reverse Current 
(VGS = -15V) 

Gate Source Cutoff Voltage 
(VDS = 5.0 V, 10 = 1.0 pA) Jlll 

Jl12 
Jl13 

Drain-Cutoff Current 
(VDS = 5.0 V, VGS = -10 V) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* 
(VDS = 15V) Jlll 

Jl12 
Jl13 

Static Drain-Source On Resistance 
(VDS = 0.1 V) Jlll 

Jl12 
Jl13 

Drain Gate and Source Gate On-Capacitance 
(VDS = VGS = 0, f = 1.0 MHz) 

Drain Gate Off-Capacitance 
;/GS = -10 V, f = 1.0 MHz) 

Source Gate Off-Capacitance 
(VGS = -10 V, f = 1.0 MHz) 

*Pulse Width = 300 p.s, Duty Cycle = 3.0%. 

Jill thru Jl13 
CASE 29-04, STYLE 5 

TO-92 (TO-226AA) 

1 Drain 

,~~ 
2 Source 

JFET 
CHOPPER TRANSISTORS 

N-CHANNEL - DEPLEnON 

Refer to MPF4391 for graphs. 

Symbol Min Max Unit 

V(BR)GSS 35 - Vdc 

IGSS - -1.0 nA 

VGS(off) V 
-3.0 -10 
-1.0 -5.0 
-0.5 -3.0 

ID(ot!) - 1.0 nA 

lOSS mA 
20 -
5.0 -
2.0 -

rDS(on) Ohms 
- 30 
- 50 
- 100 

Cdg(on) - 28 pF 
+ 

Csa(on) 

Cdg(off) - 5.0 pF 

Csg(off) - 5.0 pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VDS 40 Vdc 

Drain-Gate Voltage VDG 40 Vdc 

Gate-Source Voltage VGS 40 Vdc 

Gate Current IG 50 mA 

Total Device Dissipation @TA = 25°C PD 310 mW 
Derate above 25°C 2.82 mWrC 

Storage Temperature Range TstA -65 to + 150 °C 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = -1.0 !£A) 

Gate Reverse Current 
(VGS = -20V) 

Gate Source Cutoff Voltage 
(VDS = 20 V, ID = 10 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(VDS = 20 V) 

Charaeteristlc 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(VDS = 20 V, f = 1.0 kHz) 

'Pulse Width"" 2.0 ms. 

J202 
J203 

J202 
J203 

J202 
J203 

Motorola SmaJl-Signal Transistors, FETs and Diodes Device Data 

J202 
J203 

CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 

1 Drain 

"~~ 
2 Source 

JFETs 
LOW FREQUENCY/LOW NOISE 

N-CHANNEL - DEPLETION 

Refer to 2N5457 for graphs. 

Symbol Min Max Unit 

V(BR)GSS -40 - Vdc 

IGSS - -100 pA 

VGS(off) Vdc 
-0.8 -4.0 
-2.0 -10.0 
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MAXIMUM RATINGS 
Riding Symbol Value Unit 

Drain-Gate Voltage VOG -25 Vdc 

Gate Current IG 10 mA 

Total Device Dissipation @TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mWrC 

Lead Temperature TL 300 °c 
(1/16" from Case for 10 Seconds) 

Junction Temperature Range TJ -65 to +150 °c 

Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = -1.0 /lA, VOS = 0) 

Gate Reverse Current 
(VGS = -15 V, VOS = 0) 

Gate Source Cutoff Voltage 
(VOS = 10 V, 10 = 1.0 mAl 

ON CHARACTERISncs 

Zero-Gate-Voltage Drain Current 
(VOS = 10 V, VGS = 0) 

Gate-Source Forward Voltage 
(VOS = O,IG = 1.0 mAl 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(VOS = 10 V, 10 = 5.0 mA, f = 1.0 kHz) 

Output Admittance 
(VOS = 10 V, 10 = 5.0 mA, f = 1.0 kHz) 

Input Capacitance 
(VOS = 10 V, 10 = 5.0 mA, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS = 10 V, 10 = 5.0 mA, f = 1.0 MHz) 

J300 

CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 

"/~~'" 
3 2 Source 

JFET 
HIGH FREQUENCY AMPLIFIER 

N-CHANNEL - DEPLETION 

Refer to 2N5484 for graphs. 

.. Symbol Min Max Unit 

V(BR)GSS -25 - Vdc 

IGSS - 500 pA 

VGS(off) -1.0 -6.0 Vdc 

lOSS 6.0 30 mA 

VGS(f) - 1.0 Vdc 

IYfsl 4500 9000 I'mhos 

IVosl - 200 I'mhos 

Ciss - 5.5 pF 

Crss - 1.7 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Gate Voltage VOG -30 

Gate-Source Voltage VGS -30 

Gate Current IG 10 

Total Device Dissipation @TA = 25'C Po 350 
Derate above 25'C 2.8 

Lead Temperature TL 300 
(1/16' from Case for 10 Seconds) 

Operating and Storage Junction TJ, Tstg -65 to +150 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 1.0 pA, VOS = 0) 

Gate Reverse Current 
(VGS = -20 V, VOS = 0) 

Gate Source Cutoff Voltage 
(VOS = 15 V, 10 = 1.0 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(VOS = 15 V, VGS = 0) 

Characteristic 

SMALL-8IGNAL CHARACTERISTICS 

Output Admittance 
(VOS = 15 V, VGS = 0, f = 1.0 kHz) 

Forward Transconductance 
(VOS = 15 V, VGS = 0, f = 1.0 kHz) 

J304 
J305 

J304 
J305 

J304 
J305 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

mA 

mW 
mwrc 

'c 

'c 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

IYosl 

Re(Yfs) 

J304 
J305 

CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 

1 Drain 

~-@ 
2 Source 

JFET 
HIGH FREQUENCY 

AMPLIFIERS 

N-CHANNEL - DEPLETION 

Refer to 2N5484 for graphs. 

Min Max Unit 

30 - Vdc 

- 100 pA 

Vdc 
-2.0 -6.0 
-0.5 -3.0 

- 50 !£mhos 

!£mhos 
4500 7500 
3000 -
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VOS 25 Vdc 

Gate-Source Voltage VGS 25 Vdc 

Forward Gate Current IGF 10 mAde 

Total Device Dissipation @ T A = 25°C Po 350 mW 
Derate above 25°C 2.B mWrC 

Junction Temperature Range TJ -65to +125 °c 

Storage Temperature Range Tstu -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Charactarlstic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
(lG = -1.0 /lA, VOS = 0) 

Gate Reverse Current IGSS 
(VGS = -15 V, VOS = 0, TA = 25°C) 
(VGS = -15 V, VOS = 0, TA = +125°C) 

Gate Source Cutoff Voltage VGS(off) 
(VOS = 10 V, 10 = 1.0 nA) J30B 

J309 
J310 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(l) lOSS 
(VOS = 10 V, VGS = 0) J30B 

J309 
J310 

Gate-Source Forward Voltage VGS(f) 
(VOS = O,IG = 1.0 mAl 

SMALL-5IGNAL CHARACTERISTICS 

Common-Source Input Conductance Re(Yis) 
(VOS = 10 V, 10 = 10 mA. f = 100 MHz) J30B 

J309 
J310 

Common-Source Output Conductance Re(yos) 
(VOS = 10 V, 10 = 10 mA, f = 100 MHz) 

Common-Gate Power Gain Gpg 
(VOS = 10 V, 10 = 10 mA, f = 100 MHz) 

Common-Source Forward Transconductance Re(Yfs) 
(VOS = 10 V, 10 = 10 mA. f = 100 MHz) 

Common-Gate Input Conductance 
(VOS = 10 V, 10 = 10 mA. f = 100 MHz) 

Re(Yig) 

Common-Source Forward Transconductance 9fs 
(VOS = 10 V,IO = 10 mA. f = 1.0 kHz) J30B 

J309 
J310 

Common·Source Output Conductance gos 
(VOS = 10 V, 10 = 10 mA. f = 1.0 kHz) 

J308 thru J310* 
CASE 29-04, STYLE 5 

TO-92 (TO-226AA) 

1 Drain 

"~-@ 
2 Source 

JFET 
VHF/UHF AMPLIFIERS 

N-CHANNEL - DEPLETION 

*These are Motorola 
designated preferred devices. 

Min Typ Max 

-25 - -

- - -1.0 
- - -1.0 

-1.0 - -6.5 
-1.0 - -4.0 
-2.0 - -6.5 

12 - 60 
12 - 30 
24 - 60 

- - 1.0 

- 0.7 -
- 0.7 -
- 0.5 -
- 0.25 -

- 16 -

- 12 -

- 12 -

BOOO - 20000 
10000 - 20000 
BOOO - 1 BOOO 

- - 250 

Unit 

Vdc 

nA 
/lA 
Vdc 

mA 

Vdc 

mmhos 

mmhos 

dB 

mmhos 

mmhos 

"mhos 

"mhos 
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J308 thru J310 

ELECTRICAL CHARACTERISTICS (continued) (T A = 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Common-Gate Forward Transconductance 9fg !£mhos 
(VOS = 10 V, 10 = 10 mA, f = 1.0 kHz) J30B - 13000 -

J309 - 13000 -
J310 - 12000 -

Common-Gate Output Conductance gog !£mhos 
(VOS = 10 V, 10 = 10 mA, f = 1.0 kHz) J30B - 150 -

J309 - 100 -
J310 - 150 -

Gate-Drain Capacitance 
(VOS = 0, VGS = -10 V, f = 1.0 MHz) 

Cgd - 1.B 2.5 pF 

Gate-Source Capacitance Cgs - 4.3 5.0 pF 
(VOS = 0, VGS = -10 V, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF - 1.5 - dB 
(VOS = 10 V, 10 = 10 mA, f = 450 MHz) 

Equivalent Short-Circuit Input Noise Voltage en - 10 - nViV'Hz 
(VOS = 10 V, ID = 10 mA, f = 100 Hz) 

(1) Pulse Test: Pulse Width .. 300 !£S, Duty Cycle .. 3.0%. 
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"308 thru "310 

FIGURE 1 - 450 MHz COMMON-GATE AMPLIFIER TEST CIRCUIT 

50 n 
Source 

~VDD 

Cl = C2 '" 0 8 10 pF. JFD #MVM010W. 
C3 == C4 I':: 8 35 pF Erie #539-0020. 
C5 -= C6 ::: 5000 pF Erie (2443·000) 
C7'" 1000 pF. Allen Bradley .%f:FA5C. 
RfC'" 0.33 IlH Miller #9230-30. 
L 1 = One Turn #16 Cu, 1/4" I D. (Air Core) 
L2p= One Turn #16 Cu, 1/4" 1.0 (Air Core). 
L2S == One Turn .::t16 Cu, 1/4" 1.0. (AIr Corel 

FIGURE 2 - DRAIN CURRENT and TRANSFER 
CHARACTERISTICS versus GATE·SOURCE VOL TAGE 

FIGURE 3 - FORWARD TRANSCONDUCTANCE 
versus GATE·SOURCE VOLTAGE 
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FIGURE 5 - ON RESISTANCE and JUNCTION CAPACITANCE 
versus GATE·SOURCE VOLTAGE 
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FIGURE 6 - COMMON-GATE Y PARAMETER 
MAGNITUDE versus FREQUENCY 
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FIGURE 8 - COMMON-GATE Y PARAMETER 
PHASE-ANGLE versus FREQUENCY 
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FIGURE 10 - NOISE FIGURE and 
POWER GAIN versus DRAIN CURRENT 
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.. 308 thru .. 310 

FIGURE 12 - 450 MHz IMD EVALUATION AMPLIFIER 

GI 
I 
I 
I 

C4 

=h = 

I = 
I 

SHIELD 

C6 

L3 OUTPUT 

RL = 50 n 

BW 13dB) - 36.5 MHz 
10 - 10 mAde 

Vos - 20 Vdc 
Device case grounded 
1M test tones - f1 =: 449.5 MHz, f2 '" 450.5 MHz 

CT == '-10 pf Johanson Air variable trimmer. 
C2, C5 '" 100 pf feed thru button capacitor. 
e3, C4. C6 '" 0.5-6 pf Johanson Air vanable trimmer. 

L 1 = 1/8" x 1/32" x '-5/S" copper bar 
L2, L4'" Ferroxcube Vk2DO choke. 
L3'" l/S" x 1/32" x 1-7/8" copper bar. 

Amplifier power gain and IMD products are a function of the load impedance. For the amplifier design shown above with 
C4 and C6 adjusted to reflect a load to the drain resulting in a nominal power gain of 9 dB, the 3rd order intercept point 
liP) value is 29 dBm. Adjusting C4, C6 to provide larger load values will result in higher gain, smaller bandwidth and lower 
IP values. For example, a nominal gain of 13 dB can be achieved with an intercept point of 19 dBm. 

FIGURE 13 - TWO TONE 3RD ORDER INTERCEPT POINT 
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Example of intercept pOint plot u •• : 
Allume two in-band ,Ignal. of -20 dSm at the amplifier input. 
They will result in a 3rd order IMD signal at the output of -90 
dBm. Also, each .ignal lave' at the output will be -11 dBm, show­
ing an amplifier gain of 9.0 dB and an intermodulation ratio (lMR) 
capability of 79 dB. The gain and IMR values apply only for .lgnal 
level, below compres.lon. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VOSS 60 Vdc 

Drain-Gate Voltage VOGS 60 Vdc 

Gate-Source Voltage 
- Continuous VGS ±20 Vdc 
- Non-repetitive (tD ,. 50 p.s) VGSM ±40 Vpk 

Drain Current - Continuous 10 0.5 Adc 
Pulsed 10M O.B 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' Po 225 mW 
TA = 25'C 
Derate above 25'C I.B mWI'C 

Thermal Resistance Junction to Ambient R8JA 556 'C/W 

Junction and Storage Temperature TJ, Tstg -55 to +150 'C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
DEVICE MARKING 

MMBF170LTI = 6Z 

ELECTRICAL CHARACTERISTICS (TC = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage (VGS = 0, 10 = 100 pA) 

Gate-Body Leakage Current, Forward (VGSF = 15 Vdc, VOS = 0) 

ON CHARACTERISTICS· 

Gate Threshold Voltage (VOS = VGS, 10 = 1.0 mAl 

Static Drain-Source On-Resistance (VGS = 10 Vdc, 10 = 200 mAl 

On-State Drain Current (VOS = 25 V, VGS = 0) 

DYNAMIC CHARACTERISTICS 

Input Capacitance 
(VOS = 10 V, VGS = 0 V, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS· 

Turn-On Delay Time 

Turn-Off Delay Time 
(VOO = 25 V, 10 = 500 mA, Rgen = 50 Ohms) 

Figure 1 

'Pulse Test: Pulse Width .. 300 p.s, Duty Cycle .. 2.0%. 

+25V 

Figure 1. Switching Test Circuit 

Rev 2 

TO SAMPLING 
SCOPE 
son INPUT 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Symbol 

VGS(th) 

rOS(on) 

10(off) 

MMBF170LTl 
CASE 318-07, STYLE 21 

SOT-23 (TO-236AB) 

Drain 3 

Source 2 

TMOS FET 
TRANSISTOR 

N-CHANNEL 

Refer to 2N7000 for graphs. 

Min Max 

O.B 3.0 

- 5.0 

- 0.5 

SWITCHING WAVEFORM 

Unit 

Vdc 

Ohm 

pA 
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MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Forward Gate Current 

THERMAL CHARACTERISTICS 

Characteristic 

Total Device Dissipation FR-5 Board" 
TA = 25·C 
Derate above 25·C 

Thermal Resistance Junction to Ambient 

Junction and Storage Temperature 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

Symbol 

VDS 

VDG 

VGS 

IG(f) 

Symbol 

Po 

R8JA 

TJ, Tsta 

Value Unit 

30 Vdc 

30 Vdc 

30 Vdc 

50 mAdc 

Max Unit 

225 mW 

1.8 mWf'C 

556 ·CIW 

-55to +150 ·C 

MMBF4391LTl = 6J; MMBF4392LTl = 6K; MMBF4393LTl = 6G 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = 1.0 !lAdc, VOS = 0) 

Gate Reverse Current 
(VGS = 15 Vdc, VOS = 0, TA = 2S·C) 
(VGS = 15 Vdc, VOS = 0, TA = 100·C) 

Gate Source Cutoff Vottage 
(VOS = 15 Vdc, 10 = 10 nAdo) MMBF4391 

MMBF4392 
MMBF4393 

Off-State Drain Current 
(VOS = 15 Vdc, VGS =-12 Vdc) 
(VOS = 15 Vdc, VGS = -12 Vdc, TA = 100·C) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(VOS = 15 V, VGS = 0) MMBF4391 

MMBF4392 
MMBF4393 

Drain-Source On-Voltage 
(10 = 12 mAde, VGS = 0) MMBF4391 
(10 = 6.0 mAde, VGS = 0) MMBF4392 
(10 = 3.0 mAde, VGS = 0) MMBF4393 

Static Drain-Source On Resistance 
(10 = 1.0 mAde, VGS = 0) MMBF4391 

MMBF4392 
MMBF4393 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance 
(VOS = 15 Vdo, VGS = 0, f= 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS = 0, VGS = 12 Vdc, f= 1.0 MHz) 

Note: "LT1" must be used when ordering SOT-23 devices. 

MMBF4391LTl 
thru 

MMBF4393LTl * 
CASE 318-07, STYLE 10 

SOT -23 (TO-236AB) 

2 Source 

,~' ~-@ 
1 Drain 

JFET 
SWITCHING TRANSISTORS 

Symbol 

N-CHANNEL 

*Thes8 are Motorola 
designated preferred devices. 

Refer to MPF4391 for graphs. 

Min Max 

V(BR)GSS 30 -

IGSS 
- 1.0 
- 0.20 

VGS(oll) 
-4.0 -10 
-2.0 -S.O 
-0.5 -3.0 

10(011) 
- 1.0 
- 1.0 

lOSS 
SO 150 
25 75 
5.0 30 

VOS(on) 
- 0.4 
- 0.4 
- 0.4 

rOS(on) 
- 30 
- 60 
- 100 

Ciss - 14 

Crss - 3.5 

Unit 

Vdc 

nAdc 
!lAdc 

Vdc 

nAdc 
!lAde 

mAde 

Vdc 

Ohms 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VOS 30 Vdc 

Drain-Gate Voltage VOG 30 Vdc 

Gate-Source Voltage VGS 30 Vdc 

Gate Current IG 10 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' Po 225 mW 
TA = 25°C 
Derate above 25°C 1.8 mWrC 

Thermal Resistance Junction to Ambient R8JA 556 0c/w 

Junction and Storage Temperature TJ, Tstg -55 to +150 °c 

'FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

I MMBF4416LT1 = M6A 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = 1.0 !lAdc, VOS = 0) 

Gate Reverse Current 
(VGS = 20 Vdc, VOS = 0) 
(VGS = 20 Vdc, VOS = 0, TA = 150°C) 

Gate Source Cutoff Voltage 
(10 = 1.0 nAdc, VOS = 15 Vdc) 

Gate Source Voltage 
(10 = 0.5 mAdc, VOS = 15 Vdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(VGS = 15 Vdc, VGS = 0) 

Gate-Source Forward Voltage 
(lG = 1.0 mAdc, VOS = 0) 

SMALL-8IGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

Output Admittance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

Input Capacitance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Output Capacitance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(VOS = 15 Vdc, 10 = 5.0 mAde, Rg = 1000 n, f = 100 MHz) 
(VOS = 15 Vdc, 10 = 5.0 mAde, Rg = 1000 n, f = 400 MHz) 

Common Source Power Gain 
(VOS = 15 Vdc, 10 = 5.0 mAde, f = 100 MHz) 
(VOS = 15 Vde, 10 = 5.0 mAde, f = 400 MHz) 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

MMBF4416LTl* 
CASE 318-07, STYLE 10 

SOT-23 (TO-236AB) 

2 Source 

,~' ~-@ 
, Drain 

JFET 
VHF/UHF AMPLIFIER TRANSISTOR 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGS 

lOSS 

VGS(f) 

IYfsl 

IVosl 

Ciss 

Crss 

Coss 

NF 

Gps 

N-CHANNEL 

*This is a Motorola 
designated preferred device. 

Refer to 2N5484 for graphs. 

Min Max 

30 -

- 1.0 
- 200 

- -6.0 

-1.0 -5.5 

5.0 15 

- 1.0 

4500 7500 

- 50 

- 4.0 

- 0.8 

- 2.0 

- 2.0 
- 4.0 

18 -
10 -

Unit 

Vdc 

nAdc 
nAdc 

Vdc 

Vdc 

!lAdc 

Vdc 

"mhos 

"mhos 

pF 

pF 

pF 

dB 

dB 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Orain-Gate Voltage VOG 25 V 

Reverse Gate-Source Voltage VGSIR) -25 V 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Total Oevice Oissipation FR-5 Board,' Po 225 mW 
TA = 25"C 
Oerate above 25°C 1.8 mWI"C 

Thermal Resistance Junction to Ambient R8JA 556 0c/w 

Junction and Storage Temperature TJ, Tsta -55 to +150 ·C 

'FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

I MMBF4856LTl = AAA 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
IVOS = 0,10 = 1.0 !<A) 

Gate Reverse Current 
(VOS = 0 V, VGS = 20 V) 

Gate Source Cutoff Voltage 
IVOS = 15,10 = 0.5 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Orain Currentl1 ) 
(VGS = 0, VOS = 15 V) 

Orain Cutoff Current 
(VOS = 15 V, VGS = 10 V) 

Orain Source On Voltage 
(VGS = 0, 10 = 20 mAl 

Orain Source On Resistance 
(VGS = 0,10 = 0, f = 1.0 kHz) 

Input Capacitance I VOS = O,VGS = -10V 
Reverse Transfer Capacitance I f = 1.0 MHz 

SWITCHING CHARACTERISTICS 

Turn-On Oelay Time 

Rise Time VOO = 10 V, 1010n) = 20 mA 

Turn-Off Time 
VGSlon) = 0, VGSloff) = -10 V 

(1) Pulse Test; Pulse Width < 300 p.s, Outy Cycle'" 2%. 

MMBF4856LTl * 
CASE 318-07, STYLE 10 

SOT-23 (TO-236AB) 

2 Source 

,~' ,~-@ 
JFET 

SWITCHING 

1 Drain 

N-CHANNEL - DEPLETION 

Symbol 

V(BR)GSS 

IGSS 

VGSIOFF) 

loSS 

1010ff) 

VOS(on) 

rOSlon) 

Ciss 

Crss 

td 

tr 

toff 

*This is a Motorola 
designated preferred device. 

Refer to MPF4391 for graphs. 

Min Max 

-40 -

- 0.5 

-4.0 -10 

50 -

- 0.25 

- 0.75 

- 25 

- 18 

- 8 

- 6 

- 3 

- 25 

Unit 

V 

nA 

V 

mA 

nA 

V 

.n 

pF 

nS 
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MAXIMUM RATINGS 

Rating Symbol Value 

Orain-Source Voltage VOS 30 

Orain-Gate Voltage VOG 30 

Reverse Gate-Source Voltage VGS(rl 30 

Forward Gate Current IG(f) 50 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Oevice Oissipation FR-5 Board,' Po 225 
TA = 25·C 
Oerate above 25·C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Junction and Storage Temperature TJ, Tst!l -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

MMBF4860LTl = M6F 

ELECTRICAL CHARACTERISTICS (TA = 2S·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = 1.0 ~dc, VOS = 0) 

Gate Reverse Current 
(VGS = 15 Vdc, VOS = 0) 
(VGS = 15 Vdc, VOS = 0, TA = 150·C) 

Gate Source Cutoff Voltage 
(VOS = 15 Vdc, 10 = 0.5 nAdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Orain Current(l) 
(VOS = 15 Vdc, VGS = 0) 

Orain Cutoff Current 
(VOS = 15 Vdc, VGS = 10 Vdc) 
(VOS = 15 Vdc, VGS = 10 Vdc, TA = 150·C) 

Orain-Source On-Voltage 
(10 = 10 mAde, VGS = 0) 

Static Orain-Source On Resistance 
(VGS = 0,10 = 0, f = 1.0 kHz) 

Input Capacitance 
(VOS = 0, VGS = 10 Vdc, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS = 0, VGS = 10 Vdc, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Oelay Time 
(VOO = 10 Vdc, 10(on) = 20 mAde) 
(VG(on) = 0, VGS(off) = 10 Vdc) 

Rise Time 
(VOO = 10 Vdc, 10(on) = 10 mAde) 
(VGS(on) = 0, VGS(off) = 6.0 Vdc) (Figure 1) 

Turn-Off Time 
(VOO = 10 Vdc, 10(on) = 5.0 mAde) 
(VGS(on) = 0, VGS(off) = 4.0 Vdc) (Figure 1) 

(1) Pulse Test: Pulse Width = 100 ms, Outy Cycle .. 10%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Unit 

mW 

mWrC 

·CIW 

·C 

MMBF4860LTl * 
CASE 318·07, STYLE 10 

SOT·23 (TO·236AB) 

2 Source 

,~' ,~-@ 
1 Drain 

JFET 
SWITCHING TRANSISTOR 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

lOSS 

10(off) 

VOS(on) 

rOS(on) 

Ciss 

Crss 

td 

tr 

toff 

N-CHANNEL 

*This is a Motorola 
designated preferred device. 

Refer to MPF4391 for graphs. 

Min Max 

30 -

- 0.5 
- 2.0 

-2.0 -6.0 

20 100 

- 0.25 
- 0.5 

- O.S 

- 40 

- 18 

- 8.0 

- 6.0 

- 4.0 

- 50 

Unit 

Vdc 

nAdc 
~dc 

Vdc 

mAde 

nAdc 
~dc 

Vdc 

Ohms 

pF 

pF 

ns 

ns 

ns 
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MMBF4860LT1 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

+IOV 

RL = 963 

1,,,1.0 ns 1,,,1.0 ns :r--- ~VGS(On) 
200 ns INPUT 

-6.0 V I I ---- VGS(oll) 
OUTPUT 

INPUT >---f" ...... - ..... -.....J ........ 
: Ion f--l loll \--

!d(on) -I H --l I-i--- !d(oll) 

TEST CIRCUIT 

4-60 

tr~ :- I ~ :--tf 

10%~'1: 10% 
I I OUTPUT 

90% 90% 

VOLTAGE WAVEFORMS 

NOTES: 1. The input waveforms are supplied by a generator with the fonowing characteristics: 
lout = 50 ohms. Duty Cycle ~ 2.0% 

2. Waveforms are monitored on an oscllklscope with the following characteristics: 
t, "" 0.75 ns, Ain"'" 1.0 megohm, Cin E; 2.5 pF. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage VDS 25 

Drain-Gate Voltage VDG 25 

Reverse Gate-Source Voltage VGS(r) 25 

Gate Current IG 10 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board" PD 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Junction and Storage Temperature TJ, Tstg -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 
I MMBF5457LTI = 6D 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = 10 /lAdc, VDS = 0) 

Gate Reverse Current 
(VGS = 15 Vdc, VDS = 0) 
(VGS = 15 Vdc, VDS = 0, TA = 100'C) 

Gate Source Cutoff Voltage 
(VDS = 15 Vdc, ID = 10 nAdc) 

Gate Source Voltage 
(VDS = 15 Vdc, ID = 100/lAdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(l) 
(VDS = 15 Vdc, VGS = 0) 

SMALL-5IGNAL CHARACTERISTICS 

Forward Transfer Admittance(l) 
(VDS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

Reverse Transfer Admittance 
(VDS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

Input Capacitance 
(VDS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VDS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

(1) Pulse test: Pulse Width .. 630 ms; Duty Cycle .. 10%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mWI'C 

MMBFS457LTl * 
CASE 318-07, STYLE 10 

SOT-23 (TO-236AB) 

2 Source 

,~' "~~ 
1 Drain 

JFET 
'CIW GENERAL PURPOSE TRANSISTOR 

'C 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGS 

IVfsl 

Iyrsl 

Ciss 

Crss 

N-CHANNEL 

*This is a Motorola 
designated preferred device. 

Refer to 2N5457 for graphs. 

Min Typ Max 

25 - -

- - 1.0 
- - 200 

0.5 - -6.0 

- -2.5 -

1000 - 5000 

- 10 50 

- 4.5 7.0 

- 1.5 3.0 

Unit 

Vdc 

nAdc 

Vdc 

Vdc 

/Lmhos 

/LmhOS 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Gate Voltage VOG 25 

Reverse Gate-Source Voltage VGs(r) -25 

Gate Current IG 10 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board, * Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Junction and Storage Temperature TJ, Tstg -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

MMBF5459LT1 = 6L 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = -10 pA, VOS = 0) 

Gate 1 Leakage Current 
(VGS = -15V,VOS = 0) 

Gate 2 Leakage Current 
(VGS = -15 V, VOS = 0, TA = 100'C) 

Gate Source Cutoff Voltage 
(VOS = 15 V, 10 = 10 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(VOS = 15 V, VGS = 0) 

SMALL-8IGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(VOS = 15 V, VGS = 0, f = 1.0 kHz) 

Output Admittance 
(VOS = 15 V, VGS = 0, f = 1.0 kHz) 

Input Capacitance 
(VOS = 15 V, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS = 15 V, VGS = 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

mAde 

Unit 

mW 

mWI'C 

'c/w 

'C 

MMBF5459LTI * 
CASE 318-07, STYLE 10 

SOT-23 (TO-236AB) 

2 Source 

,~' ~~ 

Symbol 

V(BR)GSS 

IG1SS 

IG2SS 

VGS(off) 

IVfsl 

IVosl 

Ciss 

Crss 

1 Drain 

JFET 
TRANSISTOR 

N-CHANNEL 

*This is a Motorola 
designated preferred device. 

Refer to 2N5457 for graphs. 

Min Max 

25 -

- 1.0 

- 200 

-2.0 -8.0 

2000 6000 

- 50 

- 7.0 

- 3.0 

Unit 

Vdc 

nA 

nA 

Vdc 

J£mhos 

J£mhos 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Gate Voltage VOG 40 

Reverse Gate-Source Voltage VGSR 40 

Forward Gate Current IGF 10 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board," Po 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Junction and Storage Temperature TJ, TstQ -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 In. 

DEVICE MARKING 

MMBF5460LT1 = 6E 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 10 pAdc, VOS = 0) 

Gate Reverse Current 
(VGS = 20 Vdc, VOS = 0) 
(VGS = 20 Vdc, VOS = 0, TA = 100°C) 

Gate Source Cutoff Voltage 
(VOS = 15 Vdc, 10 = 1.0 pAdc) 

Gate Source Voltage 
(VOS = 15 Vdc, 10 = 0.1 mAde) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(VOS = 15 Vdc, VGS = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

Output Admittance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

Input Capacitance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Equivalent Short-Circuit Input Noise Voltage 
(VOS = 15 Vdc, VGS = 0, RG = 1.0 MO, 
f = 100 Hz, BW = 1.0 Hz) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

mAde 

Unit 

mW 

mWrC 

°CIW 

°C 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGS 

IVfsl 

IVosl 

Ciss 

Crss 

en 

MMBF5460LTl * 
CASE 318·07, STYLE 10 

SOT·23 (TO·236AB) 

2 Source 

,~' ,~~ 
1 Drain 

JFET 
GENERAL PURPOSE 

TRANSISTOR 

P-CHANNEL 

*This is a Motorola 
designated preferred device. 

Refer to 2N5460 for graphs. 

Min Typ Max 

40 - -

- - 5.0 
- - 1.0 

0.75 - 6.0 

0.5 - 4.0 

1000 - 4000 

- - 75 

- 5.0 7.0 

- 1.0 2.0 

- 20 -

Unit 

Vdc 

nAdc 
pAdc 

Vdc 

Vdc 

"mhos 

"mhos 

pF 

pF 

nVlYHz 
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MAXIMUM RATINGS 

Rating Symbol Value 

Orain-Gate Voltage VOG 25 

Reverse Gate-Source Voltage VGS(r) 25 

Forward Gate Current IG(f) 10 

Continuous Oevice Oissipation at or Below Po 
TC = 25·C 200 

Linear Oerating Factor 2.8 

Storage Channel Temperature Range Tsta -65to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Oevice Oissipation FR-5 Board,' Po 225 
TA = 25·C 
Oerate above 25·C 1.8 

Thermal Resistance Junction to Ambient ROJA 556 

Junction and Storage Temperature TJ, Tsta -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 m. 

DEVICE MARKING 

I MMBF5484LT1 = 6B 

ELECTRICAL CHARACTERISTICS ITA = 25·C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = -1.0 pA, VOS = 0) 

Gate Reverse Current 
(VGS = -20 V, VOS = 0) 
(VGS = -20 V, VOS = 0, TA = 100·C) 

Gate Source Cutoff Voltage 
(VOS = 15 V, 10 = 10 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Orain Current 
(VOS = 15 V, VGS = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(VOS = 15 V, VGS = 0, f = 1.0 kHz) 

Output Admittance 
(VOS = 15 V, VGS = 0, f = 1.0 kHz) 

Input Capacitance 
(VOS = 15 V, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS = 15 V, VGS = 0, f = 1.0 MHz) 

Output Capacitance 
(VOS = 15 V, VGS = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(VOS = 15 V,IO = 1.0 rnA, VG' = 1.0 mmhos) 
(RG = 1.0 kO, f = 100 MHz) 
(VOS = 15 V, VGS = 0, VG' = 1.0 ",mho) 
(RG = 1.0 MO, f = 1.0 kHz) 

Common Source Power Gain 
(VOS = 15 Vdc, 10 = 1.0 mAde, f = 100 MHz) 

Unit 

Vdc 

Vdc 

mAdc 

mW 
mWf'C 

·C 

Unit 

mW 

mWI"C 

·CIW 

·C 

MMBF5484LTl* 

CASE 318·07, STYLE 10 
SOT·23 (TO·236AB) 

2 Source 

,~' ~-@ 
JFET 

TRANSISTOR 

N-CHANNEL 

1 Drain 

*This is a Motorola 
designated prefened device. 

Refer to 2N5484 for graphs. 

Symbol Min Max Unit 

V(BR)GSS -25 - Vdc 

IGSS 
- -1.0 nA 
- -0.2 pA 

VGS(off) -0.3 -3.0 Vdc 

IVfsl 3000 6000 ",mhos 

IYosl - 50 ",mhos 

Ciss - 5.0 pF 

Crss - 1.0 pF 

Coss - 2.0 pF 

NF dB 

- 3.0 

- 2.5 

Gps 16 25 dB 
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MAXIMUM RATINGS 
Rating Symbol Value 

Orain-Gate Voltage VOG 25 

Reverse Gate-Source Voltage VGS(r) 25 

Forward Gate Current IG(f) 10 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Oevice Oissipation FR-5 Board,* Po 225 
TA = 25°C 
Oerate above 25°C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Junction and Storage Temperature TJ, T stg -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 
MMBF5486LT1 = 6H 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(VOS = O,IG = -1:0 pAl 

Gate 1 Leakage Current 
(VGS = -20 V, VOS = 0) 

Gate 2 Leakage Current 
(VGS = -20 V, VOS = 0, TA = 100·C) 

Gate Source Cutoff Voltage 
(VOS = 15 V, 10 = 10 nA) 

ON CHARACTERISnCS 

Zero-Gate-Voltage Orain Current 
(VGS = 0, VOS = 15 V) 

SMALL-5IGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(VGS = 0, VOS = 15 V, f = 1.0 kHz) 

Input Admittance 
(VGS = 0, VOS = 15 V, f = 400 MHz) 

Output Admittance 
(VGS = 0, VOS = 15 V, f = 1.0 kHz) 

Output Conductance 
• (VGS = 0, VOS = 15 V, f = 400 MHz) 

Forward Transconductance 
(VGS = 0, VOS = 15 V, f = 400 MHz) 

Input Capacitance 
(VGS = 0, VOS = 15 V, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VGS = 0, VOS = 15 V, f = 1.0 MHz) 

Output Capacitance 
(VGS = 0, VOS = 15 V, f = 1.0 MHz) 

FUNcnoNAL CHARACTERISnCS 

Noise Figure 
(VOS = 15 V, 10 = 4.0 mA, f = 100 MHz, YG = 1.0 I'mhos) 

Unit 

Vdc 

Vdc 

mAde 

Unit 

mW 

mWrC 

°CIW 

°C 

(VOS = 15 V, 10 = 4.0 mA, RG = 1.0 kO, f = 400 MHz, YG = 1.0 I'mhos) 
(VGS = 0, VOS = 15 V, RG = 1.0 mO, f = 1.0 kHz, YG = 1.0I'mhos) 

Common Source Power Gain 
(VOS = 15 V, 10 = 4.0 mA. f = 100 MHz) 
(VOS = 15 V, 10 = 4.0 mA, f = 400 MHz) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MMBF5486LTl * 
CASE 318-07, STYLE 10 

SOT-23 (TO-236AB) 

2 Source 

,~' ,~-@ 

Symbol 

V(BR)GSS 

IG1SS 

IG2SS 

VGS(off) 

IYfsl 

Re(Yis) 

IYosl 

Re(yos) 

Re(yfs) 

Ciss 

Crss 

Coss 

NF 

Gps 

1 Drain 

JFET 
TRANSISTOR 

N-CHANNEL 

*This is a Motorola 
designatad preferred device. 

Refer to 2N5484 for graphs. 

Min Max 

-25 -

- -1.0 

- -0.2 

-2.0 -6.0 

4000 8000 

- 1000 

- 75 

- 100 

3500 -

- 5.0 

- 1.0 

- 2.0 

- 2.0 
- 4.0 
- 2.5 

18 30 
10 20 

Unit 

Vdc 

nA 

pA 

Vdc 

I'mhos 

I'mhos 

I'mhos 

I'mhos 

I'mhos 

pF 

pF 

pF 

d8 

dB 

4-65 



MAXIMUM RATINGS 

Rating Symbol Value 

Orain-Gate Voltage VOG 25 

Reverse Gate-Source Voltage VGS(r) -25 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Oevice Oissipation FR-5 Board,* Po 225 
TA = 25°C 
Oerate above 25°C 1.8 

Thermal Resistance Junction to Ambient R/IJA 556 

Junction and Storage Temperature TJ, Tst!! -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 In. 

DEVICE MARKING 

MMBFJ175lT1 = 6W 

ELECTRICAL CHARACTERISTICS (TA = 25°C, unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(VOS = 0, 10 = 1.0 pA) 

Gate Reverse Current 
(VOS = 0 V, VGS = 20 V) 

Gate Source Cutoff Voltage 
(VOS = 15,10 = 10 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Orain Current(1) 
(VGS = 0, VOS = 15 V) 

Orain Cutoff Current 
(VOS = 15 V, VGS = 10 V) 

Orain Source On Resistance 
(10 = 500 pAl 

Input Capacitance I VOS = 0, VGS = 10 V 
Reverse Transfer Capacitance I f = 1.0 MHz 

(1) Pulse Test; Pulse Width < 300 /Ls, Outy Cycle'" 2%. 

Unit 

V 

V 

Unit 

mW 

mWrC 

°CIW 

°C 

MMBFJ175LTl * 
CASE 318-07, STYLE 10 

SOT-23 (TO-236AB) 

2 Source 

,~' "~~ 

Symbol 

V(BR)GSS 

IGSS 

VGS(OFF) 

lOSS 

10(off) 

rOS(on) 

Ciss 

Crss 

JFET 
CHOPPER 

1 Drain 

P-CHANNEL - DEPLETION 

*This is a Motorola 
designated preferred device. 

Min Max 

30 -

- 1.0 

3.0 6.0 

7.0 60 

- 1.0 

- 125 

- 11 

- 5.5 

Unit 

V 

nA 

V 

rnA 

nA 

n 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Gate Voltage VOG 25 

Reverse Gate-Source Voltage VGS(r) -25 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board," Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient R6JA 556 

Junction and Storage Temperature TJ, Tstg -55to+150 

"FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

I MMBFJ175LT1 = 6W 

ELECTRICAL CHARACTERISTICS (T A = 25'C, unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(VOS = 0,10 = 1.0 !<A) 

Gate Reverse Current 
(VOS = 0 V, VGS = 20 V) 

Gate Source Cutoff Voltage 
(VOS = 15,10 = 10 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(l) 
(VGS = 0, VOS = 15 V) 

Drain Cutoff Current 
(VOS = 15 V, VGS = 10 V) 

Drain Source On Resistance 
(10 = 500 !<A) 

Input Capacitance I VOS = 0, VGS = 10 V 
Reverse Transfer Capacitance I f = 1.0 MHz 

(1) Pulse Test; Pulse Width < 300 !,S, Duty Cycle'" 2%. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

V 

V 

Unit 

mW 

mWrC 

'CIW 

·C 

MMBFJ177LTl * 
CASE 318-07, STYLE 10 

SOT-23 (TO-236AB) 

2 Source 

,~' ,~-@ 

Symbol 

V(BR)GSS 

IGSS 

VGS(OFF) 

lOSS 

10(off) 

rOS(on) 

Ciss 

Crss 

JFET 
CHOPPER 

1 Dram 

P·CHANNEL - DEPLETION 

*This is a Motorola 
designated preferred device. 

Min Max 

30 -

- 1.0 

0.8 2.5 

1.5 20 

- 1.0 

- 300 

- 11 

- 5.5 

Unit 

V 

nA 

V 

mA 

nA 

n 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Orain-Source Voltage VOS 25 

Gate-Source Voltage VGS 25 

Gate Current IG 10 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Oevice Oissipation FR-5 Board,' Po 225 
TA = 25°C 
Oerate above 25°C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Junction and Storage Temperature TJ, Tsta -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 In. 

DEVICE MARKING 

MMBFJ309LTI = 6U; MMBFJ310LTI = 6T 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = - 1.0 !lAde, VOS = 0) 

Gate Reverse Cu rrent 
(VGS = -15V) 
(VGS = -15V, TA = 125°C) 

Gate Source Cutoff Voltage MMBFJ309 
(VOS = 10 Vdc, 10 = 1.0 nAdc) MMBFJ310 

ON CHARACTERISTICS 

Zero-Gate-Voltage Orain Current MMBFJ309 
(VOS = 10 Vdc, VGS = 0) MMBFJ310 

Gate-Source Forward Voltage 
(lG = 1.0 mAde, VOS = 0) 

SMALL-8IGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(VOS = 10 Vdc, 10 = 10 mAde, f = 1.0 kHz) 

Output Admittance 
(VOS = 10 Vdc, 10 = 10 mAde, f = 1.0 kHz) 

Input Capacitance 
(VGS = -10 Vdc, VOS = 0 Vdc, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VGS = -10 Vdc, VOS = 0 Vdc, f = 1.0 MHz) 

Equivalent Short-Circuit Input Noise Voltage 
(VOS = 10 Vdc, 10 = 10 mAde, f = 100 Hz) 

Note: "LT1" must be used when ordering SOT-23 devices. 

Unit 

Vdc 

Vdc 

mAde 

Unit 

mW 

mWf'C 

°CIW 

°C 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

lOSS 

VGS(f) 

IYfsl 

IYosl 

Ciss 

Crss 

en 

MMBFJ309LTl * 
MMBFJ310LTl * 
CASE 318-07, STYLE 10 

SOT-23 (TO-236AB) 

2 Source 

,~' ,~~ 
1 Drain 

JFET 
VHF/UHF AMPLIFIER 

TRANSISTOR 

N-CHANNEL 

* These are Motorola 
designated preferred devices. 

Refer to J309 for graphs. 

Min Typ Max 

-25 - -

- - -1.0 
- - -1.0 

-1.0 - -4.0 
-2.0 -6.5 

12 - 30 
24 60 

- - 1.0 

8.0 - 18 

- - 250 

- - 5.0 

- - 2.5 

- 10 -

Unit 

Vdc 

nAdc 
!lAde 

Vdc 

mAde 

Vdc 

mmhos 

J.'mhos 

pF 

pF 

nVtv'Fii 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Orain-Source Voltage VOS 25 Vdc 

Gate-Source Voltage VGS 25 Vdc 

Gate Current IG 10 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Oevice Oissipation FR-5 Board,' Po 225 mW 
TA = 25'C 
Oerate above 25'C 1.8 mWI"C 

Thermal Resistance Junction to Ambient RBJA 556 .c/w 

Junction and Storage Temperature TJ, Tsta -55 to +150 'c 
*FR-5 = 1.0 x 0.75 x 0.062 on. 

DEVICE MARKING 

MMBFU310LTl = 6C 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = -1.0 pA, VOS = 0) 

Gate 1 Leakage Current 
(VGS = -15 V, VOS = 0) 

Gate 2 Leakage Current 
(VGS = -15 V, VOS = 0, TA = 125'C) 

Gate Source Cutoff Voltage 
(VOS = 10 V, 10 = 1.0 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Orain Current 
(VOS = 10 V, VGS = 0) 

Gate-Source Forward Voltage 
(lG = 10 rnA. VOS = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(VOS = 10 V, 10 = 10 rnA, f = 1.0 kHz) 

Output Admittance 
(VOS = 10 V, 10 = 10 rnA, f = 1.0 kHz) 

Input Capacitance 
(VGS = -10 V, VOS = 10 V, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VGS = -10 V, VOS = 10 V, f = 1.0 MHz) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MMBFU310LTl* 
CASE 318·07, STYLE 10 

SOT ·23 (TO·236AB) 

,~' ~~-

Symbol 

V(BR)GSS 

IG1SS 

IG2SS 

VGS(off) 

lOSS 

VGS(f) 

IVfsl 

IVosl 

Ciss 

Crss 

1 Drain 

JFET 
TRANSISTOR 

N-CHANNEL 

*Thls is a Motorola 
designated prefernd device. 

Refer to J310 for graphs. 

Min Max 

-25 -

- -150 

- -150 

-2.5 -6.0 

24 60 

- 1.0 

10 18 

- 250 

- 5.0 

- 2.5 

Unit 

Vdc 

pA 

nA 

Vdc 

rnA 

Vdc 

mmhos 

/LmhOS 

pF 

pF 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Medium Power Field Effect 
Transistor 
N-Channel Enhancement-Mode 
Silicon Gate TMOS 
SOT-223 for Surface Mount 

This TMOS medium power field effect transistor is designed for 
high speed, low loss power switching applications such as 
switching regulators, dc-dc converters, solenoid and relay drivers. 
The device is housed in the SOT-223 package which is designed 
for medium power surface mount applications. 

• Silicon Gate for Fast Switching Speeds 

• RDS(on) = 14 Ohm Max 

• Low Drive Requirement 

• The SOT-223 Package can be Soldered Using Wave or 
Reflow. The Formed Leads Absorb Thermal Stress During 
Soldering Eliminating the Possibility of Damage to the Die. 

• Available in 12 mm Tape and Reel 
Use MMFT107T1 to order the 7 inch/1000 unit reel 1 o--~ 
Use MMFT107T3 to order the 13 inch/4000 unit reel GATE 

MAXIMUM RATINGS (TC = 25°C unless otherwise noted) 

Rating 

Orain-to-Source Voltage 

Gate-to-Source Voltage - Non-Repetitive 

Drain Current 

Total Power Dissipation @ TA = 25°C(1) 
Derate above 25°C 

Operating and Storage Temperature Range 

DEVICE MARKING 

I FT107 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction to Ambient 

Maximum Temperature for Soldering Purposes 
Time in Solder Bath 

2,4 DRAIN 

3 SOURCE 

Symbol 

VOSS 

VGS 

10 

Po 

TJ, Tstg 

RaJA 

TL 

1. Device mounted on FR-4 glass epoxy printed circuit using minimum recommended footprin\. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 2 

MMFT107T1 
MoIo<oIa P ...... nod Device 

MEDIUM POWER 
TMOSFET 

250 mA, 200 VOLTS 
RDS(on) = 14 OHM MAX 

CASE 318E-G4, STYLE 3 
TO-261AA 

Value Unit 

200 Volts 

±20 Volls 

250 mAdc 

0.8 Watts 
6.4 mW/"C 

-65 to 150 °C 

156 °CIW 

260 °C 
10 Sec 
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MMFT107T1 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

I Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Orain-to-Source Breakdown Voltage 
(VGS = 0,10 = 10 ItA) 

V(BR)OSS 200 - - Vdc 

Zero Gate Voltage Orain Current lOSS - - 30 nAdc 
(VOS = 130 V, VGS = 0) 

Gate-Body Leakage Current - Reverse IGSS - - 10 nAdc 
(VGS = 15 Vdc, VOS = 0) 

ON CHARACTERISTICS (1) 

Gate Threshold Voltage 
(VOS = VGS, 10 = 1.0 mAdc) 

VGS(th) 1.0 - 3.0 Vdc 

Static Orain-to-Source On-Resistance 
(VGS = 10 Vdc, 10 = 200 rnA) 

ROS(on) - - 14 Ohms 

Orain-to-Source On-Voltage 
(VGS = 10 V, 10 = 200 rnA) 

VOS(on) - - 2.8 Vdc 

Forward Transconductance 9fs - 300 - mmhos 
(VOS = 25 V, 10 = 250 rnA) 

DYNAMIC CHARACTERISTICS 

Input Capacitance Ciss - 60 - pF 

Output Capacitance (VOS = 25 V, VGS = 0, Coss - 30 -
f= 1.0 MHz) 

Transfer Capacitance Crss - 6.0 -
SOURCE DRAIN DIODE CHARACTERISTICS 

Oiode Forward Voltage VF - 0.8 - V 

Continuous Source Current, Body (VGS=O, IS - - 250 rnA 
Oiode IS =250 rnA) 

Pulsed Source Current, Body Oiode ISM - - 500 

1. Pulse Test: Pulse Width,; 300 118, Outy Cycle,; 2.0%. 

TYPICAL ELECTRICAL CHARACTERISTICS 

2.5 

in a.. 

~ 
I-z 1.5 w 
II: 
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{} 

z 
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c 
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I I I 
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.--1-::1:-
./ :::..-~ ~ ~ ~ - 6V 

4V-a: ~ !-" 

-

~ 
b. ~ I 

-
V 3V 

~ I 

500 

l 
400 

I-
Z w 300 II: 
II: 
::> 
{} 

~ 200 
c 
E 
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I I I I-- VOS=10V 
J 

Ii 
I 
I 

JJ 
'fj =- 25°C TJ = 125°<J ,. I o ~ _55°C 

2 4 10 o 1 2 3 4 

VOS, ORAIN-TO-SOURCE VOLTAGE (VOLTS) VGS, GATE-TO-SOURCE VOLTAGE (VOLTS) 

Figure 1. On-Region Characteristics Figure 2_ Transfer Characteristics 
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MMn107T1 

TYPICAL ELECTRICAL CHARACTERISTICS 

.11. e- vGs= 10V 2ID=lA = VGS=10V 

TJ = 125°C- -i"""" ---
I 

25°C-

-55°C-
I 

100 200 300 400 500 o 25 ~ ~ 100 125 1~ 

10, DRAIN CURRENT (AMPS) T J, JUNCTION TEMPERATURE (OCI 

Figure 3. On-Resistance versus Drain Current Figure 4. On-Resistance Variation with Temperature 

1 250 
.1. I 

I-- VGS = OV 

/ I 
1=1 MHz 

I- TJ = 25°C 200 

1 I I 

'I--- Ciss 
II I 

r--- TJ = 125°C r---/250 C 

1 II 0.0 o 0.3 0.6 0.9 1.2 1.5 

~ I::s;:.. Coss 
I- Crss 

I o o 5 10 15 20 25 30 
VSD, SOURCE·DRAlN DIODE FORWARD VOLTAGE (VOLTS) VDS, DRAIN·SOURCE VOLTAGE (VOLTS) 

Figure 5. Source-Drain Diode Forward Voltage Figure 6. Capacitance Variation 
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Figure 7. Gate Charge versus Gate-to-Source Voltage Figure 8. Transconductance 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Medium Power Field Effect 
Transistor 
N-Channel Enhancement-Mode 
Silicon Gate TMOS 
SOT-223 for Surface Mount 

This TMOS medium power field effect transistor is designed for 
high speed, low loss power switching applications such as 
switching regulators, dc-dc converters, solenoid and relay drivers. 
The device is housed in the SOT-223 package which is designed 
for medium power surface mount applications. 

• Silicon Gate for Fast Switching Speeds 

• RDS(on) = 1.7 Ohm Max 
• Low Drive Requirement 

• The SOT-223 Package can be Soldered Using Wave or 
Reflow. The Formed Leads Absorb Thermal Stress During 
Soldering Eliminating the Possibility of Damage to the Die. 

• Available in 12 mm Tape and Reel 
Use MMFT960T1 to order the 7 inch/1000 unit reel 
Use MMFT960T3 to order the 13 inch/4000 unit reel 

MAXIMUM RATINGS (Tc = 25'C unless otherwise noted) 

Rating 

Drain-te-Source Voltage 

Gate-to-Source Voltage - Non-Repetitive 

Drain Current 

Total Power Dissipation @ TA = 25,c(I) 
Derate above 25'C 

Operating and Storage Temperature Range 

DEVICE MARKING 

I FT960 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction to Ambient 

Maximum Temperature for Soldering Purposes 
Time in Solder 8ath 

3 SOURCE 

Symbol 

VDS 

VGS 

ID 

PD 

TJ, Tstg 

RaJA 

TL 

.. 1. DeVice mounted on a FR-4 glass epoxy pnnted circuit board uSing minimum recommended footpnnt. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 2 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

MMFT960T1 
Motorola Preferred Device 

MEDIUM POWER 
TMOSFET 

300mA 
60 VOLTS 

RDS(on) = 1-7 OHM MAX 

CASE 318E-04, STYLE 3 
To-261AA 

Value Unit 

60 Volis 

±30 Volts 

300 mAdc 

0.8 Watts 
6.4 mWI'C 

-65 to 150 'c 

156 'CIW 

260 'c 
10 Sec 
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MMFT96OT1 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noled) 

1 Characteristic I. Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Orain-to-Source Breakdown Voltage 
(VGS = 0,10 = 10~) 

V(BR)OSS 60 - - Vdc 

Zero Gate Voltage Orain Current lOSS - - 10 ~dc 
(VOS = 60 V, VGS = 0) 

Gate-Body Leakage Current IGSS - - 50 nAdc 
(VGS = 15 Vdc, VOS = 0) 

ON CHARACTERISTICS (1) 

Gate Threshold Voltage 
(VOS = VGS, 10 = 1.0 mAdc) 

VGS(th) 1.0 - 3.5 Vdc 

Static Orain-Io-Source On-Resistance ROS(on) - - 1.7 Ohms 
(VGS = 10 Vdc, 10 = 1.0 A) 

Orain-Io-Source On-Vollage VOS(on) Vdc 
(VGS = 10 V, 10 = 0.5 A) - - 0.8 
(VGS = 10 V, 10 = 1.0 A) - - 1.7 

Forward Transconductance 9fs - 600 - mmhos 
(VOS = 25 V, 10 = 0.5 A) 

DYNAMIC CHARACTERISTICS 

Input Capacitance Ciss - 65 - pF 

Output Capacitance (VOS = 25 V, VGS = 0, 
Coss - 33 -

f= 1.0 MHz) 
Transfer Capacitance Crss - 7.0 -
Total Gate Charge Og - 3.2 - nC 

Gate-Source Charge (VGS = 10 V, 10 = 1.0 A, 
Ogs - 1.2 -VOS=48V) 

Gate-Orain Charge Ogd - 2.0 -
1. Pulse Test: Pulse Width" 300 IJ.$, Outy Cycle" 2.0%. 

TYPICAL ELECTRICAL CHARACTERISTICS 
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Figure 1. On-Region Characteristics 
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Figure 2. Transfer Characteristics 
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MMFT96OT1 

TYPICAL ELECTRICAL CHARACTERISTICS 
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Figure 3. On·Reslstance versus Drain Current 
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Figure 4. On-Resistance Variation with Temperature 
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Figure 5. Source-Drain Diode Forward Voltage Figure 6. Capacitance Variation 
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Figure 7. Gate Charge versus Gate-ta-Source Voltage Figure 8. Transconductance 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Medium Power Field Effect 
Transistor 
N-Channel Enhancement Mode 
Silicon Gate TMOS E-FET'M 
SOT-223 for Surface Mount 

This TMOS medium power field effect transistor is designed for 
high speed, low loss power switching applications such as 
switching regulators, converters, solenoid and relay drivers. The 
device is housed in the SOT-223 package which is designed for 
medium power surface mount applications. 

• Silicon Gate for Fast Switching Speeds 

• High Voltage - 240 Vdc 

• Low Drive Requirement 

• The SOT-223 Package can be soldered using wave or reflow. 
The formed leads absorb thermal stress during soldering, 
eliminating the possibility of damage to the die. 

• Available in 12 mm Tape and Reel 
Use MMFT2406T1 to order the 7 inch/1 000 unit reel. 
Use MMFT2406T3 to order the 13 inchl4000 unit reel. 

MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 

Rating 

Drain-to-Source Voltage 

Gate-to-Source Voltage - Continuous 

Drain Current 

Total Power Dissipation @ T A = 25°C'( 1) 
Derate above 25°C 

Operating and Storage Temperature Range 

DEVICE MARKING 

I T2406 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction-to-Ambient (surface mounted}" 

Lead Temperature for Soldering Purposes, 1116" from case 
Time in Solder Bath 

Symbol 

VDS 

VGS 

10 

Po 

TJ. Tstg 

RaJA 

TL 

MMFT2406T1 

Value 

240 

±20 

700 

1.5 
12 

Motorola Preferred Device 

MEDIUM POWER 
TMOSFET 

700mA 
240 VOLTS 

RDS(on) = 6.0 OHM 

-3 

CASE 318Eo04, STYLE 3 
To-261AA 

Unit 

Vdc 

Vdc 

mAdc 

Watts 
mWtoC 

-65 to 150 °c 

83.3 °CIW 

260 °C 
10 Sec 

1. DeVice mounted on a glass epoxy pnnted CircUit board 1.575 In. x 1.575 In. x 0.059 In.; mounting pad for the collector lead min. 0.93 sq. In. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev! 
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MMn2406T1 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristics Symbol Min Max Unit 

OFF CHARACTERISTICS 

Orain-to-Source Breakdown Voltage V(BR)OSS 240 - Vdc 
(VGS=O, 10= 100~) 

Zero Gate Voltage Orain Current lOSS - 10 ~dc 

(VOS = 120 V, VGS = 0) 

Gate-Body Leakage Current IGSS - 100 nAdc 
(VGS = 15 Vdc, VOS = 0) 

ON CHARACTERISTICs(2) 

Gate Threshold Voltage VGS(th) 0.8 2.0 Vdc 
(VOS = VGS, 10 = 1.0 mAdc) 

Static Orain-to-Source On-Resistance ROS(on) Ohms 
(VGS = 2.5 Vdc, 10 = 0.1 Adc) - 10 
(VGS = 10 Vdc, 10 = 0.5 Adc) - 6.0 

Orain-Io-Source On-Voltage 
(VGS = 10 V, 10 = 0.5 A) 

VOS(on) - 3.0 Vdc 

Forward Transconductance 9FS 300 - mmhos 
(VOS = 6.0 V, 10 = 0.5 A) 

DYNAMIC CHARACTERISTICS 

Input Capacitance Clss - 125 pF 

Output Capacitance (VOS = 25 V, VGS = 0 
Coss - 50 

1= 1.0 MHz) 
Transler Capacitance Crss - 20 

2. Pulse Test: Pulse Width,; 300 J.lS, Outy Cycle'; 2.0%. 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Medium Power Field Effect 
Transistor 
N-Channel Enhancement-Mode 
Silicon Gate TMOS 
SOT-223 for Surface Mount 

This TMOS medium power field effect transistor is designed for 
high speed, low loss power switching applications such as 
switching regulators, dc-dc converters, solenoid and relay drivers. 
The device is housed in the SOT-223 package which is designed 
for medium power surface mount applications. 

• Silicon Gate for Fast Switching Speeds 

• RDS(on) = 4.0 Ohm Max 

• Low Drive Requirement, VGS = 2.0 Volts Max 

• The SOT-223 Package can be soldered using wave or reflow. 
The formed leads absorb thermal stress during soldering 
eliminating the possibility of damage to the die. 

• Available in 12 mm Tape and Reel 
Use MMFT6661T1 to order the 7 inch/WOO unit reel 
Use MMFT6661T3 to order the 13 inch/4000 unit reel 

MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 

Rating 

Orain-to-Source Voltage 

Gate-to-Source Voltage - Non-Repetitive 

Drain Current 

Total Power Dissipation @ TA = 25°C(1) 
Derate above 25°C 

Operating and Storage Temperature Range 

DEVICE MARKING 

I T6661 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction to Ambient 

Maximum Temperature for Soldering Purposes 
Time in Solder Bath 

11' 
TMOS 

3 SOURCE 

Symbol 

VOS 

VGS 

10 

Po 

TJ, Tstg 

RaJA 

TL 

.. 
1. DeVice mounted on FR-4 glass epoxy printed circuit board uSing minimum recommended footprint. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 3 

MMFT6661T1 
Motorola Prafarred Device 

MEDIUM POWER 
TMOSFET 

500mA 
90 VOLTS 

RDS(on) = 4.0 OHM MAX 

CASE 31 BE-04, STYLE 3 
TO-2B1AA 

Value Unit 

90 Vdc 

±30 Vdc 

500 mAdc 

0.8 Watts 
6.4 mW/oC 

-65 to 150 °c 

156 °CIW 

260 °C 
10 Sec 
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MMFT6661T1 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Drain-to-Source Breakdown Voltage 
(VGS = 0,10 = 10 itA) 

V(BR)DSS 90 - - Vdc 

Zero Gate Voltage Drain Current IDSS - - 10 IlAdc 
(VDS = 90 V, VGS = 0) 

Gate-Body Leakage Current IGSS - - 100 nAdc 
(VGS = 15 Vdc, VDS = 0) 

ON CHARACTERISTICS (2) 

Gate Threshold Voltage 
(VDS = VGS, ID = 1.0 mAdc) 

VGS(th) 0.8 - 2.0 Vdc 

Static Drain-to-Source On-Resistance RDS(on) - - 4.0 Ohms 
(VGS = 10 Vdc, ID = 1.0 Adc) 

Drain-to-Source On-Voltage VDS(on) Vdc 
(VGS = 10 V, ID = 1.0 A) - - 4.0 
(VGS = 5.0 V, ID = 0.3 A) - - 1.6 

Forward Transconductance 9FS - 200 - mmhos 
(VDS = 25 V, ID = 0.5 A) 

DYNAMIC CHARACTERISTICS 

Input Capacitance Ciss - 36 - pF 

Output Capacitance (VDS = 25 V, VGS = 0, 
Coss - 16 -

f= 1.0 MHz) 
Transfer Capacitance Crss - 6.0 -

Total Gate Charge Og - 1.7 - nC 

Gate-Source Charge 
(VGS = 10 V, ID = 1.0 A, 

Ogs - 0.34 -
VDS=72V) 

Gate-Drain Charge Ogd - 0.23 -

2. Pulse Test: Pulse Width,;; 300 1lS, Duty Cycle,;; 2.0%. 

TYPICAL ELECTRICAL CHARACTERISTICS 
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MMFT6661T1 

TYPICAL ELECTRICAL CHARACTERISTICS 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage VDS 25 

Drain-Gate Voltage VDG 25 

Gate-Source Voltage VGS -25 

Gate Current IG 10 

Total Device Dissipation @ T A = 25·C PD 350 
Derate above 25·C 2.B 

Junction Temperature Range TJ 125 

Storage Temperature Range Tsta -65to +150 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = -10 pAdc, VDS = 0) 

Gate Reverse Current 
(VGS = -15 Vdc, VDS = 0) 
(VGS = -15 Vdc, VDS = 0, TA = 100·C) 

Gate Source Cutoff Voltage 
(VDS = 15 Vdc, ID = 2.0 nAdc) 

Gate Source Voltage 
(VDS = 15 Vdc, 10 = 0.2 mAdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* 
(VOS = 15 Vdc, VGS = 0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance* 
(VDS = 15 Vdc, VGS = 0, f = 1.0 kHz) 
(VDS = 15 Vdc, VGS = 0, f = 100 MHz) 

Input Admittance 
(VOS = 15 Vdc, VGS = 0, f = 100 MHz) 

Output Conductance 
(VDS = 15 Vdc, VGS = 0, f = 100 MHz) 

Input Capacitance 
(VOS = 15 Vdc, VGS =' 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

*Pulse Test: Pulse Width"" 630 ms; Duty Cycle"" 1 0%. 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWrC 

·C 

·C 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGS 

IYfsl 

Re(Yis) 

Re(yos) 

Ciss 

Crss 

MPF102 

CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 

,,'~~" 
3 2 Source 

JFET 
VHF AMPLIFIER 

N-CHANNEL - DEPLETION 

Refer to 2N5484 for graphs. 

Min Max Unit 

-25 - Vdc 

- -2.0 nAdc 
- -2.0 pAdc 

- -B.O Vdc 

-0.5 -7.5 Vdc 

p.mhos 
2000 7500 
1600 -
- BOO p.mhos 

- 200 p.mhos 

- 7.0 pF 

- 3.0 pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Orain-Source Voltage VOS 60 Vdc 

Gate-Source Voltage 
- Continuous VGS ±20 Vdc 
- Non-repetitive (to " 50 p.S) VGSM ±40, Vpk 

Orain Current - Continuous(l) 10 0.5 Adc 
Pulsed(2) 10M 1.0 

Total Oevice Oissipation @TA = 25°C Po 1.0 Watts 
Oerate above 25°C MPF910 8.0 mWrC 

Total Oevice Oissipation @ TC = 25°C Po 6.25 Watts 
Oerate above 25°C MFE910 50 mWrC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +150 °c 

(1) The Power Dissipation of the package may result in a lower continuous drain current. 
(2) Puis. Width ~ 300 ".s, Duty Cycle ~ 2.0%. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERlsnCS 

Zero-Gate-Voltage Orain Current 
(VOS = 40 V, VGS = 0) 

Gete Reverse Current 
(VGS = 10 V, VOS = 0) 

Symbol 

lOSS 

IGSS 

Orain-Source Breakdown Voltage V(BR)OSS 
(VGS = 0,10 = 100/LA) 

ON CHARACTERISTICS 

Gate Threshold Voltage VGS(th) 
(VOS = VGS, 10 = 1.0 mAl 

Orain-Source On-Voltage VOS(on) 
(VGS = 10 V, 10 = 500 mAl 

On-State Orain Current 10(on) 
(VOS = 25 V, VGS = 10 V) 

Forward Transconductance 9fs 
(VOS = 15 V, 10 = 500 mAl 

Rev 1 

MPF910 

MPF910 
CASE 29·05, STYLE 22 

TO·92 (TO·226AE) 

3 Drain 

~ 
TMOS 

SWITCHING 

1 Source 

N-CHANNEL - ENHANCEMENT 

Refer to MPF6659 for graphs. 

Min Typ Max Unit 

- 0.1 10 /LAdc 

- 0.01 10 nAdc 

60 90 - Vdc 

0.3 1.5 2.5 Vdc 

- - 2.5 Vdc 

500 - - mA 

100 - - mmhos 
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MAXIMUM RATINGS 

Rating Symbol MPF930 MPF960 MPF990 

Orain-Source Voltage VOS 35 60 90 

Orain-Gate Voltage VOG 35 60 90 

Gate-Source Voltage 
- Continuous VGS ±20 
- Non-repetitive (tp '" 50 1'5) VGSM ±40 

Orain Current 
Continuous (1) 10 2.0 
Pulsed (2) 10M 3.0 

Total Oevice Oissipation Po 
@TA = 25°C 1.0 
Oerate above 25°C 8.0 

Operating and Storage Junction TJ, Tstg -55 to 150 
Temperature Range 

Thermal Resistance 6JA 125 

(1) The Power DISSipation of the package may result in a lower continuous drain current. 
121 Pulse Width ~ 300 p.S. Duty Cycle ~ 2.0%. 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Orain-Source Breakdown Voltage 
(VGS = 0,10 = 10 pA) MPF930 

MPF960 
MPF990 

Gate Reverse Current (VGS = 15 Vdc, VOS = 0) 

ON CHARACTERISTICS· 

Zero-Gate-Voltage Orain Current (VOS = Maximum Rating, VGS = 0) 

Gate Threshold Voltage (10 = 1.0 rnA, VOS = VGS) 

Drain-Source On-Voltage (VGS = 10 V) 
(10 = 0.5 A) MPF930 

MPF960 
MPF990 

(10 = 1.0 A) MPF930 
MPF960 
MPF990 

(10 = 2.0 A) MPF930 
MPF960 
MPF990 

Static Drain-Source On Resistance 
(VGS = 10 Vdc, 10 = 1.0 Adc) MPF930 

MPF960 
MPF990 

On-State Drain Current (VOS = 25 V, VGS = 10 V) 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance (VOS = 25 V, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance (VOS = 25 V, VGS = 0, f = 1.0 MHz) 

Output Capacitance (VOS = 25 V, VGS = 0, f = 1.0 MHz) 

Forward Transconductance (VOS = 25 V, 10 = 0.5 A) 

SWITCHING CHARACTERISTICS 

Turn-On Time 

Turn-Off Time 

·Pulse Test: Pulse Width", 300 1'5, Duty Cycle'" 2.0%. 

Rev 1 
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Unit 

Vdc 

Vdc 

Vdc 
Vpk 

Adc 

Watts 
mWfC 

°C 

0c/w 

Symbol 

V(BR)OSX 

IGSS 

lOSS 

VGS(Thl 

VOS(on) 

rOS(on) 

10(on) 

Ciss 

Crss 

Coss 

9fs 

MPF930* 
MPF960* 
MPF990* 

CASE 29·05, STYLE 22 
TO·92 (TO·226AE) 

l~ 
1 Source 

TMOS 
SWITCHING 

NoCHANNEL - ENHANCEMENT 

*These are Motorola 
designated preferred devices. 

Min Typ Max 

35 - -
60 - -
90 - -
- - 50 

- - 10 

1.0 - 3.5 

- 0.4 0.7 
- 0.6 0.8 
- 0.6 1.2 

- 0.9 1.4 
- 1.2 1.7 
- 1.2 2.4 

- 2.2 3.0 
- 2.8 3.5 
- 2.8 4.8 

- 0.9 1.4 
- 1.2 1.7 
- 1.2 2.0 

1.0 2.0 -

- 70 -

- 20 -
- 49 -
200 380 -

Unit 

Vdc 

nAdc 

pAdc 

Vdc 

Vdc 

Ohms 

Amps 

pF 

pF 

pF 

mmhos 
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MPF930 MPF960 MPF990 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage VOS 25 

Drain-Gate Voltage VOG 30 

Reverse Gate-Source Voltage VGSR 30 

Forward Gate Current IGlf) 10 

Total Device Dissipation @' T A = 25°C Po 350 
Derate above 25°C 2.8 

Storage Channel Temperature Range Tstg -65 to + 150 

Operating Temperature Range Tchannel -65 to + 150 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = 1.0 pAdc, VOS = 0) 

Gate Reverse Current 
IVGS = 15 Vdc, VOS = 0) 
(VGS = 15 Vdc, VOS = 0, TA = 150°C) 

Drain-Cutoff Current 
(VOS = 15 Vdc, VGS = 12 Vdc) MPF970 
IVos = 15 Vdc, VGS = 12 Vdc, TA = 150°C) MPF970 
(VOS = 15 Vdc, VGS = 7.0 Vdc) MPF971 
(VOS = 15 Vdc, VGS = 7.0 Vdc, TA = 150°C) MPF971 

Gate Source Cutoff Voltage 
(VOS = 15 Vdc, 10 = 10 nAdc) MPF970 

MPF971 

ON CHARACTERISTICS 

Zero-GateNoltage Drain Currentl 1) 
IVoS = 20 Vdc, VGS = 0) MPF970 

MPF971 

Drain-Source OnNoltage 
(10 = 10 mAde, VGS = 0) 
(10 = 1.5 mAde, VGS = 0) 

Static Drain-Source On Resistance 
(10 = 1.0 mAde, VGS = 0) MPF970 

MPF971 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance 
IVGS = 0,10 = 0, f = 1.0 kHz) MPF970 

MPF971 

Input Capacitance 
IVGS = 12 Vdc, VOS = 0, f = 1.0 MHz) MPF970 
(VGS = 7.0 Vdc, VOS = 0, f = 1.0 MHz) MPF971 

Reverse Transfer Capacitance 
(VGS = 12 Vdc, VOS = 0, f = 1.0 MHz) MPF970 
IVGS = 7.0 Vdc. VOS = 0, f = 1.0 MHz) MPF971 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mWI"C 

°C 

°C 

Symbol 

VIBR)GSS 

IGSS 

1010ff) 

VGSloff) 

lOSS 

VOSlon) 

rOSlon) 

rdslon) 

Ciss 

Crss 

MPF970 
MPF971 

CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 

1 Drain 

JFET 
SWITCHING 

2 Source 

P-CHANNEL - DEPLETION 

Min Typ Max Unit 

30 - - Vdc 

- - 1.0 nAdc 
- - 1.0 pAdc 

- - 10 nAdc 
- - 10 /LAde 
- - 10 nAdc 
- - 10 pAdc 

Vdc 
5.0 - 12 
1.0 - 7.0 

mAde 
-15 - -100 
-2.0 - -50 

Vdc 
- - 1.5 
.- - 1.5 

Ohms 
- - 100 
- - 250 

Ohms 
- - 100 
- - 250 

pF 
- - 12 
- - 12 

pF 
- - 5.0 
- - 5.0 
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ELECTRICAL CHARACTERISTICS (continued) (T A = 25°C unless otherwise noted.) 

Characteristic I Symbol 

SWITCHING CHARACTERISTICS (See Figure 6, RK = 0) (1) 

Rise Time tr 
(lO(on) = 10 mAde, VGS(off) = 12 Vde) MPF970 
(lO(on) = 1.5 mAde, VGS(off) = 7.0 Vde) MPF971 

Fall Time tf 
(lO(on) = 10 mAde, VGS(off) = 12 Vde) MPF970 
(lO(on) = 1.5 mAde, VGS(off) = 7.0 Vde) MPF971 

Turn-On Time ton 
(lO(on) = 10 mAde, VGS(off) = 12 Vde) MPF970 
(lO(on) = 1.5 mAde, VGS(off) = 7.0 Vde) MPF971 

Turn-Off Time toff 
(lO(on) = 10 mAde, VGS(off) = 12 Vde) MPF970 
(lO(on) = 1.5 mAde, VGS(off) = 7.0 Vde) MPF971 

(1) Pulse Test: Pulse Width", 100 j.LS, Outy Cycle'" 1.0%. 
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FIGURE 1 - EFFECT OF lOSS ON ORAIN-50URCE 
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FIGURE 4 - TURN-OFF DELAY TIME 
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FIGURE 6 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 5 - FALL TIME 
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NOTE 1 
The sWitching characteristics shown above were measured using a 
test Circuit similar to Figure 6. At the beginning of the switching 
Interval, the gate voltage IS at Gate Supply Voltage (+VGG). The 
Dr8m·Source Voltage (VOS) IS slightly lower than Drain Supply 
Voltage (VOO) due to the voltage divider. Thus Reverse Transfer 
Capacitance lerss ) or Gate-Dram Capacitance (Cgd) is charged to 
VGG + Vas· 

During the turn-on interval, Gate-Source Capacitance (Cgsl 
discharges through the senes combination of RGen and RK. Cgd 
must discharge to VDS(on) through RG and RK in series with the 
parallel combmatlon of effective load Impedance (R'O) and 
Oram-Source Resistance (rdsl. Ouring the turn-off, this charge 
flow is reversed. 

Predicting turn-on time IS somewhat difficult as the channel 
resistance rds is a function of the gate-source voltage. While Cgs 
discharges, VGS approaches zero and rds decreases. Since Cad 
discharges through rds. turn-on time IS non-hnear. During turn-o'f. 
the Situation IS reversed with rds increasing as Cgd charges. 

The above sWitching curves show two impedance conditions; 11 
RK IS equal to RO. which simulates the switching behavior of 
cascaded stages where the driVing source Impedance IS normally 
the load Impedance of the previous stage. and 21 RK = 0 (low 
Impedance I the driVing source impedance IS that of the generator. 

FIGURE 8 - TYPICAL CAPACITANCE 
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FIGURE 9 - EFFECT OF GATE-SOURCE VOLTAGE 
ON ORAIN-SOURCE RESISTANCE 
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MAXIMUM RATINGS 
Rating Symbol Value 

Drain-Source Voltage VDS 50 

Drain-Gate Voltage VDG 50 

Gate-Source Voltage VGS -50 

Drain Current ID 10 

Total Device Dissipation (a TA = 25°C PD 350 
Derate above 25°C 2.8 

Junction Temperature Range TJ 125 

Storage Temperature Range Tstg -65 to 150 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = -1.0 /tAde, VDS = 0) 

Gate Reverse Current 
(VGS = -30 Vde, VDS = 0) 
(VGS = -30 Vde, VDS = 0, TA = 150°C) 

Gate Source Cutoff Voltage 
(lD = 0.5 nAdc, VDS = 15 Vde) 

Gate Source Voltage 
(lD = 50 /tAdc, VDS = 15 Vdc) 
(ID = 200 /tAdc, VDS = 15 Vdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(l) 
(VDS = 15 Vdc, VGS = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transler Admittance 
(VDS = 15 Vdc, VGS = 0, 1= 1.0 kHz)(l) 

(VDS = 15 Vdc, VGS = 0, I = 100 MHz) 

Output Admittance(l) 
(VDS = 15 Vdc, VGS = 0, 1= 1.0 kHz) 

Input Capacitance 
(VDS = 15 Vdc, VGS = 0, I = 1.0 MHz) 

Reverse Transler Capacitance 
(VDS = 15 Vdc, VGS = 0, 1= 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(VDS = 15 Vdc, VGS = 0, RS = 1.0 megohm, 
I = 10Hz, Noise Bandwidth = 5.0 Hz) 

Equivalent Input Noise Voltage 

MPF3821 
MPF3822 

MPF3821 
MPF3822 

MPF3821 
MPF3822 

MPF3821 
MPF3822 

MPF3821 
MPF3822 

MPF3821 
MPF3822 

(VDS = 15 Vdc, VGS = 0, I = 10 Hz, Noise Bandwidth = 5.0 Hz) 

(1) Pulse Test: Pulse Width", 100 ms, Duty Cycle", 10%. 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mWI"C 

°C 

°C 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGS 

IYlsl 

IYosl 

Ciss 

Crss 

NF 

en 

MPF3821 
MPF3822 

CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 

JFET 
GENERAL PURPOSE 

N-CHANNEL - DEPLETION 

Refer to 2N5467 for graphs. 

Min Max 

-50 -

- -0.1 
- -100 

- -4.0 
- -6.0 

-0.5 -2.0 
-1.0 -4.0 

1500 4500 
3000 6500 

1500 -
3000 -

- 10 
- 20 

- 6.0 

- 3.0 

- 5.0 

- 200 

Unit 

Vde 

nAdc 

Vde 

Vdc 

/Lmhos 

/Lmhos 

pF 

pF 

dB 

nv/Hz'h 

4-90 Motorola Small-Signal Transistors. FETs and Diodes Device Data 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Orain-Souree Voltage VOS 30 Vde 

Orain-Gate Voltage VOG 30 Vde 

Gate-Source Voltage VGS 30 Vde 

Forward Gate Current IG(I) 50 mAde 

Total Oeviee Oissipation (ci TA = 25°C Po 350 mW 
Oerate above 25°C 2.8 mWrC 

Operating and Storage Channel Tehannel. -65 to +150 °c 
Temperature Range Tstg 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
(IG = 1.0 pAde. VOS = 0) 

Gate Reverse Current IGSS 
(VGS = 15 Vdc. VOS = 0) 
(VGS = 15 Vdc, VOS = 0, TA = 100°C) 

Orain Cutoff Current 10(off) 
(VOS = 15 Vdc, VGS = 12 Vdc) 
(VOS = 15 Vdc, VGS = 12 Vdc, TA = 100°C) 

Gate Source Voltage VGS 
(VOS = 15 Vdc, 10 = 10 nAde) MPF4392 

MPF4393 

ON CHARACTERISTICS 

Zero-Gate-Voltage Orain Current(l) lOSS 
(VOS = 15 Vdc, VGS = 0) MPF4392 

MPF4393 

Orain-Source On-Voltage VDS(on) 
(10 = 6.0 mAdc, VGS = 0) MPF4392 
(10 = 3.0 mAde, VGS = 0) MPF4393 

Static Orain-Souree On Resistance rOS(on) 
(10 = 1.0 mAdc, VGS = 0) MPF4392 

MPF4393 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance IVfsl 
(VOS = 15 Vdc, 10 = 25 mAde, f = 1.0 kHz) MPF4392 
(VOS = 15 Vdc, 10 = 5.0 mAdc, f = 1.0 kHz) MPF4393 

Orain-Source "ON" Resistance rds(on) 
(VGS = 0,10 = 0, f = 1.0 kHz) MPF4392 

MPF4393 

Input Capacitance Ciss 
(VGS = 15 Vdc, VOS = 0, f = 1.0 MHz) 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

MPF4392* 
MPF4393* 

CASE 29-04, STYLE 5 
TO-92 (TO-226AAI 

" ~ /, ,:,~" 
2 2 Source 

3 

JFETs 
SWITCHING 

N-CHANNEL - DEPLETION 

*MPF4392 and MPF4393 are Motorola 
designated preferred devices. 

Min Typ Max Unit 

30 - - Vde 

- - 1.0 nAdc 
- - 0.2 pAdc 

- - 1.0 nAdc 
- - 0.1 pAde 

Vdc 
-2.0 - -5.0 
-0.5 - -3.0 

mAdc 
25 - 75 
5.0 - 30 

Vde 
- - 0.4 
- - 0.4 

Ohms 
- - 60 
- - 100 

mmhos 
- 17 -
- 12 -

Ohms 
- - 60 
- - 100 

- 6.0 10 pF 
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MPF4392 MPF4393 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Reverse Transfer Capacitance Crss pF 
(VGS = 12 Vdc, VOS = 0, f = 1.0 MHz) - 2.5 3.5 
(VOS = 15 Vdc, 10 = 10 mAde, f = 1.0 MHz) - 3.2 -

SWITCHING CHARACTERISTICS 

Rise Time (See Figure 2) tr ns 
(lO(on) = 6.0 mAde) MPF4392 - 2.0 5.0 
(lO(on) = 3.0 mAde) MPF4393 - 2.5 5.0 

Fall Time (See Figure 4) tf ns 
(VGS(off) = 7.0 Vde) MPF4392 - 15 20 
(VGS(offl = 5.0 Vde) MPF4393 - 29 35 

Turn-On Time (See Figures 1 and 2) ton ns 
(lO(on) = 6.0 mAde) MPF4392 - 4.0 15 
(lO(on) = 3.0 mAde) MPF4393 - 6.5 15 

Turn-Off Time (See Figures 3 and 4) toff ns 
(VGS(off) = 7.0 Vde) MPF4392 - 20 35 
(VGS(offl = 5.0 Vde) MPF4393 - 37 55 

TYPICAL SWITCHING CHARACTERISTICS 

FIGURE 1 - TURN'()N DELAY TIME 
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FIGURE 5 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 6 - TYPICAL FORWARD TRANSFER ADMITTANCE 
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FIGURE 8 - EFFECT OF GATE-SOURCE VOLTAGE 
ON DRAIN-SOURCE RESISTANCE 
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NOTE 1 
The switching characteristics shown above were measured using a 
test circuit similar to Figure 5. At the beginning of the switching 
,nterval, the gate voltage" at Gate Supply Voltage (-VGGI. The 
Dram·Source Voltage (VDS) " slightly lower than Drain Supply. 
Voltage (VOO) due to the voltage divider. Thus Reverse Transfer 
Capacitance (erss) or Gate-Drain Capacitance (Cgd) is charged to 
VGG + VDS· 

DUring the turn-on Interval, Gate-Source Capacitance (Cgs) dis­
charges through the series combination of RGen and RK· Cad 
must discharge to VOS(on) through RG and R K In series with the 
parallel combination of effective load impedance (R'O) and Orain­
Source Resistance (rds). During the turn-off, this charge flow is 
reversed. 

Predicting turn-on time IS somewhat difficult as the channel 
resistance rds IS a function of the gate-source voltage. While Cgs 
discharges, VGS approaches zero and rds decreases. Since Cgd 
discharges through rds' turn-on time is non-linear. During turn-off. 
the Situation IS reversed with rds increaSing as Cgd charges. 

The above switching curves show two Impedance conditions; 1) 

RK is equal to RD' which simulates the switching behavior of 
cascaded stages where the driVing source impedance is normally the 
load Impedance of the prevIous stage, and 2) RK = 0 (low imped­
ance) the driVing source Impedance IS that of the generator. 

FIGURE 7 - TYPICAL CAPACITANCE 
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MPF4392 MPF4393 

FIGURE 10 - EFFECT OF lOSS ON DRAIN-SOURCE 
RESISTANCE AND GATE-50URCE VOLTAGE 
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lOSS, ZERO·GATE·VOLTAGE DRAIN CURRENT (mAl 

NOTE 2 

The Zero-Gate-Voltage Drain Current (lOSS!. isthe principle deter­
minant of other J-FET characteristic.. Figure 10 .hows the 
relationship of Gate-Source Off Voltage (VGS(off)) and Drain­
Source On Resistance (rdslon)) to lOSS. Most of the device. will 
be within ±10% of the values shown in Figure 10. Thi. dlta will 
be useful in predicting the characteristic variations for a given 
part number. 

For example: 
Unknown 

rds(on) and VGS range for an MPF4392 
The electri •• 1 characteri.tics table indicate. that an MPF4392 

has an lOSS range of 25 to 75 rnA. Figure 10, shows rdl(on) 
= 52 Ohms for lOSS = 25 rnA and 30 Ohms for lOSS s 75 rnA. 
The corresponding VGS values are 2.2 volts and 4.8 volts. 
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MAXIMUM RATINGS 

MPF4856 MPF4859 
MPF4857 MPF4860 

Rating Symbol MPF4858 MPF4861 

Drain-Source Voltage VOS +40 +30 

Drain-Gate Voltage VOG +40 +30 

Reverse Gate-Source Voltage VGSR -40 -30 

Forward Gate Current IGF 50 

Total Device Dissipation (a TA = 25°C Po 
Derate above 25°C 360 

2.4 

Storage Temperature Range Tsto -65 to + 150 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = 1.0 pAdc, VOS = 0) MPF4856, MPF4857, MPF4858 

MPF4859, MPF4860, MPF4861 

Gate Reverse Current 
(VGS = -20 Vdc, VOS = 0) MPF4856, MPF4857, MPF4858 
(VGS = -15 Vdc, VOS = 0) MPF4859, MPF4860, MPF4861 
(VGS = -20 Vdc, VOS = 0, TA = 150°C) MPF4856, MPF4857, MPF4858 
(VGS = -15 Vdc, VOS = 0, TA = 150°C) MPF4859, MPF4860, MPF4861 

Gate Source Cutoff Voltage 
(VOS = 15 Vdc, 10 = 0.5 nAdc) MPF4856, MPF4859 

MPF4857, MPF4860 
MPF4858, MPF4861 

Drain Cutoff Current 
(VDS = 15 Vdc, VGS = -10 Vdc) 
(VOS = 15 Vdc, VGS = -10 Vdc, TA = 150°C) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(VOS = 15 Vdc, VGS = 0) MPF4856, MPF4859 

MPF4857, MPF4860 
MPF4858, MPF4861 

Drain-Source On-Voltage 
(10 = 20 mAde, VGS = 0) MPF4856, MPF4859 
(10 = 10 mAde, VGS = 0) MPF4857, MPF4860 
(10 = 5.0 mAde, VGS = 0) MPF4858, MPF4861 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance 
(VGS = 0, 10 = 0, f = 1.0 kHz) MPF4856, MPF4859 

MPF4857, MPF4860 
MPF4858, MPF4861 

Input Capacitance 
(VOS = 0, VGS = -10 Vdc, f = 1.0 MHz) MPF4856 thru MPF4861 

Reverse Transfer Capacitance 
(VOS = 0, VGS = -10 Vdc, f = 1.0 MHz) 

MPF4856 thru MPF4861 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mWrC 

°c 

MPF4856 
thru 

MPF4861* 
CASE 29-04. STYLE 5 

TO-92 (TO-226AAI 

,',:~" 
23 2Soo~ 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

10(off) 

lOSS 

VOS(on) 

rds(on) 

Ciss 

Crss 

JFET 
SWITCHING 

N-CHANNEL - DEPLETION 

* These are Motorola 
preferred devices_ 

Refer to MPF4391 for graphs. 

Min Max 

-40 -
-30 -

- 0.25 
- 0.25 
- 0.5 
- 0.5 

-4.0 -10 
-2.0 -6.0 
-0.8 -4.0 

- 0.25 
- 0.5 

50 -
20 100 
8.0 80 

- 0.75 
- 0.5 
- 0.5 

- 25 
- 40 
- 60 

- 18 

- 8.0 

Unit 

Vdc 

nAdc 

pAdc 

Vdc 

nAdc 
pAdc 

mAde 

Vdc 

Ohms 

pF 

pF 
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MPF4856 thru MPF4861 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

I Charac:teristic Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 
Turn-On Conditions for MPF4856, MPF4859: MPF4856, MPF4859 ld(on) - 6.0 ns 
OelayTime (VOO - 10 Vde, 10(on) - 20 mAde, MPF4857, MPF4860 - 6.0 

VGS(on) = 0, VGS(off) = -10 Vde) MPF4858, MPF4861 - 10 

Rise Time Conditions for MPF4857, MPF4860: MPF4856, MPF4859 tr - 3.0 ns 
(VOO - 10 Vde,IO(on) - 10 mAde, MPF4857, MPF4860 - 4.0 
VGS(on) = 0, VGS(off) = -6.0 Vde) MPF4858, MPF4861 - 10 

Turn-Off TIme Conditions for MPF4858, MPF4861: MPF4856, MPF4859 Ioff - 25 ns 
(VOO - 10 Vde,IO(on) - 5.0 mAde, MPF4857, MPF4860 - 50 
VGS(on) = 0, VGS(off) = -4.0 Vde) MPF4858, MPF4861 - 100 
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MAXIMUM RATINGS 

Rating Symbol MPF6659 MPF6660 MPF6661 

Drain-Source Voltage VDS 35 60 90 

Drain-Gate Voltage VDG 35 60 90 

Gate-Source Voltage 
- Continuous VGS ±20 
- Non-repetitive (tp " 50 ",,) VGSM ±40 

Drain Current 
Continuous (1) ID 2.0 
Pulsed (2) IDM 3.0 

Total Device Dissipation PD 
@TC=25°C 2.5 
Derate above 25°C 20 

Total Device Dissipation PD 
@TA= 25°C 1.0 
Derate above 25°C B.O 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

(1) The Power Dissipation of the package may result in a lower continuous drain current. 
(2) Pulse Width" 300 pS, Duty Cycle" 2.0%. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(VDS = Maximum Rating, VGS = 0) 

Gate-Body Leakage Current 
(VGS = 15 V, VDS = 0) 

Drain-Source Breakdown Voltage 
(VGS = 0, ID = 10!lA) MPF6659 

MPF6660 
MPF6661 

ON CHARACTERISTICS(1) 

Gate Threshold Voltage 
(VDS = VGS, ID = 1.0 mAl 

Drain-Source On-Voltage 
(VGS = 10 V, ID = 1.0 A) MPF6659 

MPF6660 
MPF6661 

(VGS = 5.0 V, ID = 0.3 A) MPF6659 
MPF6660 
MPF6661 

Static Drain-Source On Resistance 
(VGS = 10 Vdc, ID = 1.0 Adc) MPF6659 

MPF6660 
MPF6661 

On-State Drain Current 
(VOS = 25 V, VGS = 10 V) 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance 
(VOS = 25 V, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS = 25 V, VGS = 0, f = 1.0 MHz) 

Output Capacitance 
(VOS = 25 V, VGS = 0, f = 1.0 MHz) 

Forward Transconductance 
(VOS = 25 V, 10 = 0.5 A) 

Rev 1 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

Vdc 

Vdc 
Vpk 

Adc 

Watts 
mWfC 

Watts 
mWfC 

°C 

Symbol 

IDSS 

IGSS 

V(BR)DSX 

VGS(Th) 

VDS(on) 

rDS(on) 

ID(on) 

Ciss 

Crss 

Coss 

9fs 

MPF6659 
thru 

MPF6661* 
CASE 29·05, STYLE 22 

TO·92 (TO·226AE) 

3 Drain 

AW 
1 Source 

TMOS FET TRANSISTORS 

N-CHANNEL - ENHANCEMENT 

*MPF6660 and MPF6661 are 
Motorola designated preferred devices. 

Min Typ Max Unit 

- - 10 !lAdc 

- - 100 nAdc 

Vdc 
35 - -
60 - -
90 - -

O.B 1.4 2.0 Vdc 

Vdc 
- - 1.B 
- - 3.0 
- - 4.0 

- O.B 1.5 
- 0.9 1.5 
- 0.9 1.6 

Ohms 
- - 1.B 
- - 3.0 
- - 4.0 

1.0 2.0 - Amps 

- 30 - pF 

- 3.6 - pF 

- 20 - pF 

170 - - mmhos 
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MPF6859 thru MPF6661 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

SWITCHING CHARACTERISTICS(1) 

Rise Time t, - - 5.0 ns 

Fall Time tf - - 5.0 ns 

Turn-On Time ton - - 5.0 ns 

Turn-Off Time toft - - 5.0 ns 

(1) Pulse Test: Pulse Width .. 300 p.s, Duty Cycle .. 2.0%. 

RESISTIVE SWITCHING 

FIGURE 1 - SWITCHING TEST CIRCUIT FIGURE 2 - SWITCHING WAVEFORMS 

+ 25V 

To Sampling Scope 

r-20dB-1-_.f+..::,,::,:~,,;50 n 'nput 
Vout 

FIGURE 3 - VGS(th) NORMAUZED versus TEMPERATURE 

2.0 
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~ 0.4 

o 
-SO 

---
VOS = VGS f--10 = 1.0 rnA 

--r--
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FIGURE 5 - OUTPUT CHARACTERISncs 

2.0 

Ie 1.6 

~ 
!Z 
~ 1.2 

~ O.B 
c 
g 
:§ 0.4 

fJ 
rJ 

fl 
" 

V 
~ 
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VGS = 10V 

/" 9.0 V 

J.oo"'" 
B.OV 

7.0 V 

6.0 V 

5.0 V 

4.0 V 

10 20 30 40 
VOS. ORAlN·T().50URCE VOLTAGE (VOLTS) 

2.0 

Ie 1.6 

~ 
!Z 
g§ 1.2 

a 
I O.B 
-'­c 
.2 
.9 0.4 

Input \lin 

FIGURE 4 - ON-REGION CHARACTERISTICS 
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~ 
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FIGURE 6 - CAPACITANCE versus DRAIN-TO-SOURCE VOLTAGE 
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Motorola SmaU-5ignal Transistors, FETs and Diodes Device Data 



MPF6659 thru MPF6661 

FIGURE 7 - ON·VOLTAGE versus' TEMPERATURE 

10 
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MAXIMUM RATINGS 

Rating Symbol Value 

Orain-Source Voltage VOSS 60 

Orain-Gate Voltage VOGR 60 

Gate-Source Voltage 
- Continuous VGS ±20 
- Non-repetitive (to E; 50 I's) VGSM ±40 

Continuous Orain Current 10 200 

Pulsed Orain Current 10M 500 

Power Oissipation @ TC = 25'C Po 350 
Oerate above 25'C 2.8 

Operating and Storage Temperature TJ, Tstg 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 312.5 

Maximum Lead Temperature for Soldering TL 300 
Purposes, V,." from case for 10 
seconds 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

STATIC CHARACTERISTICS 

Orain-Source Breakdown Voltage 
(VGS = 0, 10 = 10 ItA) 

Zero Gate Voltage Orain Current 
(VOS = 48 V, VGS = 0) 
(VOS = 48 V, VGS = 0, TA = 125 'C) 

Gate-Body Leakage 
(VDS = 0, VGS = ±30 V) 

Gate Threshold Voltage 
(VOS = VGS, 10 = 1.0 rnA) 

On-State Drain Current" 
(VOS = VGS, 10 = 1.0 mAl 

Orain-Source On Resistance" 
(VGS = 5.0 V, 10 = 0.3 A) 
(VGS = 10 V, 10 = 1.0 A) 

Forward Transconductance" 
(VOS = 10 V, 10 = 0.5 A) 

DYNAMIC CHARACTERISTICS 

Input Capacitance 

Output Capacitance VOS = 15 V, VGS = 0 
f = 1.0 MHz 

Reverse Transfer Capacitance 

SWITCHING CHARACTERISTICS 

Turn-On Time 
VOO = 25 V, 10 = 1.0 A 

Turn-Oft Time 
RL = 24 n, RG = 25 n 

" Pulse Test; Pulse width < 300I'S, Outy Cycle:;; 2% 

Rev 1 

Unit 

V 

V 

Vdc 
Vpk 

rnA 

rnA 

mW 

mWfC 

'c 

Unit 

'C/W 

'c 

VN0300L* 
CASE 29-04, STYLE 22 

TO-92 (TO-226AA) 

3 Drain 

~ 
TMOS FET 

TRANSISTOR 

1 Source 

N-CHANNEL - ENHANCEMENT 

Symbol 

V{BR)OSS 

lOSS 

IGSS 

VGS{th) 

10{on) 

rOS{on) 

9fs 

Ciss 

Coss 

Crss 

ton 

toft 

*This is a Motorola 
designated preferred device. 

Min Max 

30 -

- 10 
- 500 

±100 

0.8 2.5 

1.0 -

- 3.3 
- 1.2 

200 -

- 100 

- 95 

- 25 

- 30 

-
30 

Unit 

V 

ItA 

nA 

V 

A 

n 

mS 

pF 

ns 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Drain-Source Voltage VDSS 60 Vdc 

Drain-Gate Voltage (RGS = 1 MO) VDGR 60 Vdc 

Gate-Source Voltage 
- Continuous VGS ±20 Vdc 
- Non-repetitive (tp " 50 ",,) VGSM ±40 Vpk 

Drain Current mAde 
Continuous ID 190 
Pulsed IDM 1000 

Total Power Dissipation @ TA = 25'C PD 400 mW 
Derate above 25'C 3.2 mWrC 

Operating and Storage TJ, Tstg -55 to +150 'c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 312.5 'C/W 

Maximum Lead Temperature for Soldering TL 300 'c 
Purposes, V,." from case for 10 
seconds 

ELECTRICAL CHARACTERISTICS (TC = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(VGS = 0, ID = 1001'A) 

Zero Gate Voltage Drain Current 
(VDS = 4B V, VGS = 0) 
(VDS = 4B V, VGS = 0, TJ = 125'C) 

Gate-Body Leakage Current, Forward 
(VGSF = 30 Vdc, VDS = 0) 

ON CHARACTERISTICS' 

Gate Threshold Voltage (VDS = VGS, ID = 1.0 rnA) 

Static Drain-Source On-Resistance 
(VGS = 10 Vdc, ID = 500 rnA) 
(VGS = 10 Vdc, ID = 500 rnA, TC = 125'C) 

Drain-Source On-Voltage 
(VGS = 5.0 V, ID = 200 rnA) 
(VGS = 10 V, ID = 500 rnA) 

On-State Drain Current (VGS = 10 V, VDS ,. 2.0 VDS(on)) 

Forward Transconductance (VDS ,. 2.0 VDS(on)' ID = 500 rnA) 

DYNAMIC CHARACTERISTICS 

Input Capacitance 

Output Capacitance (VDS = 25 V, VGS = a 
f = 1.0 MHz) 

Reverse Transfer Capacitance 

SWITCHING CHARACTERISTICS' 

Turn-On Delay Time 

Turn-Off Delay Time 
(VDD = 15 V, ID = 600 rnA 

Rgen = 25 ohms, RL = 23 ohms) 

'Pulse Test: Pulse Width", 300 I's, Duty Cycle'" 2.0%. 

Rev I 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

VN0610LL* 
CASE 29-04, STYLE 22 

TO-92 (TO·226AA) 

3 Dram 

;~ 1 
2 

3 
1 Source 

TMOS FET 
TRANSISTOR 

N-CHANNEL - ENHANCEMENT 

*This is a Motorola 
designated prefarred davice. 

Refer to BS170 for graphs. 

Symbol Min Max Unit 

V(BR)DSS 60 - Vdc 

IDSS I'Adc 
- 10 
- 500 

IGSSF - -100 nAdc 

VGS(th) 0.8 2.5 Vdc 

rDS(on) Ohm 
- 5.0 
- 9.0 

VDS(on) Vdc 
- 1.5 
- 2.5 

ID(on) 750 - rnA 

9fs 100 - ~mhos 

Ciss - 60 pF 

Coss - 25 

Crss - 5.0 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Orain-Source Voltage VOSS 60 Vdc 

Gate-Source Voltage 
- Continuous VGS ±20 Vdc 
- Non-repetitive (to .;; 50 /Ls) VGSM ±40 Vpk 

Orain Current - Continuous (1) 10 0.3 Adc 
- Pulsed (2) 10M 1.0 

Total Power Oissipation @TA = 25°C Po 1.0 Watts 
Oerate above 25°C 8.0 mWrC 

Operating and Storage TJ, Tstg -40 to +150 °c 
Temperature Range 

(1) The Power Dissipation of the package may result in a lower continuous drain current. 
(2) Pulse Width ~ 300 p.s, Duty Cycle. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Orain-Source Breakdown Voltage V(BR)OSS 
(VGS = 0, 10 = 100 !LA) 

Zero Gate Voltage Orain Current lOSS 
(VOS = 45 V, VGS = 0) 

Gate-Body Leakage Current IGSS1 
(VGS = -15 V, VOS = 0) 

Gate-Body Leakage Current IGSS2 
(VGS = 15 V, VOS = 0) 

ON CHARACTERISTICS 

Gate Threshold Voltage VGS(th) 
(VOS = VGS, 10 = 1.0 rnA) 

On-State Orain Current 10(on) 
(VOS = 15 V, VGS = 10 V) 

Forward Transconductance 9fs 
(VOS = 15 V, 10 = 500 rnA) 

Orain-Source On-Voltage VOS(on)1 
(VGS = 5.0 V, 10 = 200 rnA) 

Orain-Source On-Voltage VOS(on)2 
(VGS = 10 V, 10 = 500 rnA) 

Orain-Source On-Resistance rOS(on)l 
(VGS = 5.0 V, 10 = 200 rnA) 

Orain-Source On-Resistance rOS(on)2 
(VGS = 10 V, 10 = 500 rnA) 

Input Capacitance Ciss 
(VOS = 25 V, VGS = 0, f = 1.0 MHz) 

Output Capacitance Coss 
(VOS = 25 V, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(V OS = 25 V, VGS = 0 V, f = 1.0 MHz) 

Turn-On Time ton 
(VOS = 15 V, RL = 23 n, RG = 50 n, Yin = 20 V) 

Turn-Off Time toff 
(VOS = 15 V, RL = 23 fI, RG = 50 n, Yin = 20 V) 

Revt 

VN10LM 
CASE 29-05, STYLE 22 

TO-92 (TO-226AE) 

3 Drain 

~~ 
1 Source 

TMOS FET 
TRANSISTOR 

N-CHANNEL - ENHANCEMENT 

Min Typ Max 

60 - -

- 0.1 10 

- - 100 

- - -100 

0.8 - 2.5 

750 - -

200 - -

- - 1.5 

- - 2.5 

- - 7.5 

- - 5.0 

- - 60 

- - 25 

- - 5.0 

- - 10 

- - 10 

Unit 

Vdc 

/LAde 

nAdc 

nAdc 

Vdc 

mA 

mmhos 

Vdc 

Vdc 

!l 

n 

pF 

pF 

pF 

ns 

ns 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage VOSS 170 

Drain-Gate Voltage VOGR 60 

Gate-Source Voltage 
- Continuous VGS ±20 
- Non-repetitive (tp " 50 !'s) VGSM ±40 

Continuous Drain Current 10 200 

Pulsed Drain Current 10M 500 

Power Dissipation @ TC = 25·C Po 350 
Derate above 25·C 2.8 

Operating and Storage Temperature TJ, Tstg -
THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal ReSistance, Junction to Ambient R8JA 312.5 

Maximum Lead Temperature for Soldering TL 300 
Purposes, V,." from case for 10 
seconds 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted.) 

Characteristic 

STATIC CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(VGS = 0, 10 = 100 IIA) 

Zero Gate Voltage Drain Current 
(VOS = 120 V, VGS = 0) 
(VOS = 120 V, VGS = 0, TA = 125 ·C) 

Gate-Body Leakage 
(VOS = O,VGS = ±15V) 

Gate Threshold Voltage 
(VOS = VGS, 10 = 1.0 mAl 

On-State Drain Current* 
(VGS = 10 V, VOS '" 2.0 VOS(on)) 

Drain-Source On Resistance* 
(VGS = 2.5 V, 10 = 0.1 A) 
(VGS = 10 V, 10 = 0.5 A) 

Forward Transconductance* 
(VOS = 10 V, 10 = 0.5 A) 

DYNAMIC CHARACTERISTICS 

Input Capacitance 

Output Capacitance VOS = 25 V, VGS = 0 
f = 1.0 MHz 

Reverse Transfer Capacitance 

SWITCHING CHARACTERISTICS 

Turn-On Time 
VOO = 60 V, 10 = 0.1 A 
RL = 150 n, RG = 25 n 

Turn-Off TIme 

* Pulse Test; Pulse width < 300 !'os, Duty Cycle :5 2% 

Rev 1 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

Unit 

V 

V 

Vdc 
Vpk 

mA 

mA 

mW 

mWrC 

·C 

Unit 

·CIW 

·C 

Symbol 

VN1706L* 
CASE 29-04, STYLE 22 

TO-92 (TO-226AA) 

3 Drain 

:~ 
1 Source 

TMOS FET 
TRANSISTOR 

N-CHANNEL - ENHANCEMENT 

* This is a Motorola 
designated preferred device. 

Min Max Unit 

V(BR)OSS 170 - V 

lOSS IIA 
- 10 
- 500 

IGSS - ±100 nA 

VGS(th) 0.8 2.0 V 

10(on) 1.0 - A 

rOS(on) n 
- 10 
- 6.0 

9fs 300 - mS 

Ciss - 125 

Coss - 50 pF 

Crss - 20 

t(on) - 8.0 

tr - 8.0 
ns 

t(off) - 18 

t(f) - 12 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Orain-Source Voltage VOSS 60 Vdc 

Orain-Gate Voltage (RGS = 1 MO) VOGR 60 Vdc 

Gate-Source Voltage 
- Continuous VGS ±20 Vdc 
- Non-repetitive (tp '" 50 ps) VGSM ±40 Vpk 

Orain Current mAde 
Continuous 10 150 
Pulsed 10M 1000 

Total Power Oissipation @TA = 25°C Po 400 mW 
Oerate above 25°C 3.2 mWrC 

Operating and Storage TJ, Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 312.5 °C/W 

Maximum Lead Temperature for TL 300 °C 
Soldering Purposes, 'A." from case 
for 10 seconds 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Orain-Source Breakdown Voltage 
(VGS = 0, 10 = 100 /LA) 

Zero Gate Voltage Orain Current 
(VOS = 48 V, VGS = 0) 
(VOS = 48 V, VGS = 0, TJ = 125°C) 

Gate-Body Leakage Current, Forward 
(VGSF = 30 Vdc, VOS = 0) 

ON CHARACTERISTICS' 

Gate Threshold Voltage (VOS = VGS, 10 = 1.0 mAl 

Static Orain-Source On-Resistance 
(VGS = 10 Vdc, 10 = 0.5 Adc) 
(VGS = 10 Vdc, 10 = 0.5 V, TC = 125°C) 

Orain-Source On-Voltage 
(VGS = 5.0 V, 10 = 200 mAl 
(VGS = 10 V, 10 = 500 rnA) 

On-State Orain Current 
(VGS = 10 Vdc, VOS ,., 2.0 VOSlon)) 

Forward Transcondu~tance 
(VOS = 10 V, 10 = 500 rnA) 

DYNAMIC CHARACTERISTICS 

Input Capacitance 

Output Capacitance (VOS = 25 V, VGS = 0 
f = 1.0 MHz) 

Reverse Transfer Capacitance 

SWITCHING CHARACTERISTICS' 

Turn-On Oelay Time 

Turn-Off Oelay Time 
(VOO = 15 V, 10 = 600 mA 

Rgen = 25 ohms, RL = 23 ohms) 

'Pulse Test: Pulse Width", 300 /Ls, Outy Cycle'" 2.0%. 

Rev 1 

Symbol 

V(BR)OSS 

lOSS 

IGSSF 

VGS(th) 

rOS(on) 

VOS(on) 

10(on) 

9fs 

Ciss 

Coss 

Crss 

VN2222LL* 
CASE 29·04, STYLE 22 

TO-92 (TO·226AA) 

3 Drain 

:~ 
TMOS FET 

TRANSISTOR 

1 Source 

N-CHANNEL - ENHANCEMENT 

*This is a Motorola 
designated preferred device. 

Min Max Unit 

60 - Vdc 

/LAdc 
- 10 
- 500 

- -100 nAdc 

0.6 2.5 Vdc 

Ohm 
- 7.5 
- 13.5 

Vdc 
- 1.5 
- 3.75 

750 - mA 

100 - /Lmhos 

- 60 pF 

- 25 

- 5.0 
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MAXIMUM RATINGS 

Rating Symbol Value 

Orain-Source Voltage VOSS 240 

Orain-Gate Voltage VOGR 60 

Gate-Source Voltage 
- Continuous VGS ±20 
- Non-repetitive (tp " 50 ps) VGSM ±4O 

Continuous Orain Current 10 200 

Pulsed Orain Current 10M 500 

Power ~issipation @TC = 25"C Po 350 
Oerate above 25"C 2.8 

Operating and Storage Temperature TJ, Tst!l -
THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ROJA 312.5 

Maximum Lead Temperature for Soldering TL 300 
Purposes, Y,." from case for 10 
seconds 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

STATIC CHARACTERISTICS 

Orain-Source Breakdown Voltage 
(VGS = 0,10 = 100 pA) 

Zero Gate Voltage Orain Current 
(VOS = 120 V, VGS = 0) 
(VOS = 120 V, VGS = 0, TA = 125 "C) 

Gate-Body Leakage 
(VOS = 0, VGS = ±15 V) 

Gate Threshold Voltage 
(VOS = VGS, 10 = 1.0 mAl 

On-State Orain Current" 
(VGS = 10 V, VOS .. 2.0 VOS(on)) 

Orain-Source On Resistance" 
(VGS = 2.5 V, 10 = 0.1 A) 
(VGS = 10 V, 10 = 0.5 A) 

Forward Transconductance" 
(VOS = 10 V, 10 = 0.5 A) 

DYNAMIC CHARACTERISTICS 

Input Capacitance 

Output Capacitance VOS = 25 V, VGS = 0 
f = 1.0 MHz 

Reverse Transfer Capacitance 

SWITCHING CHARACTERISTICS 

Turn-On Time 
VOO = 60 V, 10 = 0.4 A 
RL = 150 n, RG = 25 n 

Turn-Off TIme 

" Pulse Test; Pulse width < 300 p,s, Outy Cycle'" 2% 

Rev 1 

Unit 

V 

V 

Vdc 
Vpk 

mA 

mA 

mW 

mWrC 

"C 

Unit 

"C/W 

"C 

VN2406L* 
CASE 29-04, STYLE 22 

TO-92 (TO-226AA) 

3 Drain 

~ 
TMOS FET 

TRANSISTOR 

1 Source 

N-CHANNEL - ENHANCEMENT 

Symbol 

V(BR)OSS 

lOSS 

IGSS 

VGS(th) 

10(on) 

rOS(on) 

9fs 

Ciss 

Coss 

Crss 

t(on) 

tr 

t(oft) 

t(f) 

*Thls Is a Motorola 
designated preferred device. 

Min Max 

240 -

- 10 
- 500 

- ±100 

0.8 2.0 

1.0 -

- 10 
- 6.0 

300 -

- 125 

- 50 

- 20 

- 8.0 

- 8.0 

- 23 

- 34 

Unit 

V 

pA 

nA 

V 

A 

n 

mS 

pF 

ns 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage VOSS 240 

Orain-Gate Voltage VOGR 60 

Gate-Source Voltage 
- Continuous VGS ±20 
- Non-repetitive (to " 50 I-'s) VGSM ±40 

Continuous Orain Current 10 200 

Pulsed Drain Current 10M 500 

Power Dissipation @ TC = 25°C Po 350 
Oerate above 25°C 2.8 

Operating and Storage Temperature TJ, Tstg -
THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 312.5 

Maximum Lead Temperature for Soldering TL 300 
Purposes, Y16" from case for 1 0 
seconds 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

STATIC CHARACTERISTICS 

Orain-Source Breakdown Voltage 
(VGS = 0, 10 = 100 !LA) 

Zero Gate Voitage Drain Current 
(VOS = 120 V, VGS = 0) 
(VOS = 120 V, VGS = 0, TA = 125°C) 

Gate-Body Leakage 
(VOS = 0, VGS = ±15 V) 

Gate Threshold Voltage 
(VOS = VGS, '0 = 1.0 mAl 

On-State Orain Current" 
(VGS = 10 V, VOS '" 2.0 VOS(on)) 

Orain-Source On Resistance" 
(VGS = 2.5 V, '0 = 0.1 A) 
(VGS = 10 V, '0 = 0.5 A) 

Forward Transconductance" 
(VOS = 10 V, 10 = 0.5 A) 

DYNAMIC CHARACTERISnCS 

Input Capacitance 

Output Capacitance VOS = 25 V, VGS = 0 
f = 1.0 MHz 

Reverse Transfer Capacitance 

SWITCHING CHARACTERISTICS 

Turn-On Time 
VOO = 60 V, 10 = 0.4 A 
RL = 1500, RG = 250 

Turn-Off Time 

" Pulse Test; Pulse width < 300I-'S, Duty Cycle'" 2% 

Rev 1 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

Unit 

V 

V 

Vdc 
Vpk 

mA 

mA 

mW 

mWrC 

°c 

Unit 

°CIW 

°C 

VN2410L* 
CASE 29·04, STYLE 22 

TO·92 (TO·226AA) 

3 Drain 

~~ 
1 Source 

TMOS FET 
TRANSISTOR 

N-CHANNEL - ENHANCEMENT 

Symbol 

V(BR)OSS 

lOSS 

IGSS 

VGS(th) 

'O(on) 

rOS(on) 

9fs 

Ciss 

Coss 

Crss 

t(on) 

tr 

t(off) 

t(f) 

*This is a Motorola 
designated preferred device. 

Min Max 

240 -

- 10 
- 500 

- ±100 

0.8 2.0 

1.0 -

- 10 
10 

300 -

- 125 

- 50 

- 20 

- 8.0 

- 8.0 

- 23 

- 34 

Unit 

V 

!LA 

nA 

V 

A 

0 

mS 

pF 

ns 
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Section 5 

Small-Signal Tuning 
and Switching Diodes 

In Brief . .. 
Packaging options include plastic DIPs and surface mount 

packages. Most SOT-23, SC-59, SC-70/S0T-323 and 
SOT-223 package devices are only available in Tape and 
Reel. 

NOTE: All SOT-23 package devices have had a "T1" suffix 
added to the device title. 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

,l-
a (T0-226AA) 

" 2 

CASE 182-02 
(T0-226AC) 

,~' ,. '.-
2 1 a 

CASE 318-07 CASE 3180-03 CASE 318E-04 
SOT-23 (T0-236AB) SC-59 SOT-223 (T0-261AA) 

'._. 
1 1 

CASE 419-02 
SC-701S0T-323 

CASE 751 A-03 
S0-14 

CASE 646-06 CASE 648-08 

16~_ 
CASE 751 B-05 

SO-16 
CASE 425-04 

S00-123 
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EMBOSSED TAPE AND REEL 

SOT-23, SC-59, SC-701S0T-323, SOT-223, SO-14 and SO-16 packages are available in Tape and Reel. 
Use the appropriate suffix indicated below to order any of the SOT-23, SC-59, SC-70/S0T-323, SOT-223, 
SO-14 and SO-16 packages. (See Section 6 on Packaging for additional information). 

SOT-23: available in 8 mm Tape and Reel 
Use the device title (which already includes the ''T1" suffix) to order the 7 inchl3000 unit reel. 
Replace the ''T1'' suffix in the device title with a "T3" suffix to order the 13 inch/10,000 unit reel. 

SC-59: available in 8 mm Tape and Reel 
Use the device title (which already includes the "T1" suffix) to order the 7 inch/3000 unit reel. 
Replace the "T1" suffix in the device title with a ''T3" suffix to order the 13 inch/10,000 unit reel. 

SC-70/ available in 8 mm Tape and Reel 
SOT-323: Use the device title (which already includes the ''T1'' suffix) to order the 7 inchl3000 unit reel. 

Replace the "T1" suffix in the device title with a ''T3'' suffix to order the 13 inch/10,000 unit reel. 

SOT-223: available in 12 mm Tape and Reel 

SO-14: 

SO-16: 

Use the device title (which already includes the "T1" suffix) to order the 7 inch/1000 unit reel. 
Replace the ''T1'' suffix in the device title with a "T3" suffix to order the 13 inchl4000 unit reel. 

available in 16 mm Tape and Reel 
Add an "R1" suffix to the device title to order the 7 inch/500 unit reel. 
Add an "R2" suffix to the device title to order the 13 inchl2500 unit reel. 

available in 16 mm Tape and Reel 
Add an "R1" suffix to the device title to order the 7 inch/500 unit reel. 
Add an "R2" suffix to the device title to order the 13 inchl2500 unit reel. 

RADIAL TAPE IN FAN FOLD BOX OR REEL 

TO-92 packages are available in both bulk shipments and in Radial Tape in Fan Fold Boxes or Reels. 
Fan Fold Boxes and Radial Tape Reel are the best methods for capturing devices for automatic insertion in 
printed circuit boards. 

TO-92: available in Fan Fold Box 
Add an "RLR" suffix and the appropriate Style code· to the device title to order the Fan Fold box. 

available in 365 mm Radial Tape Reel 
Add an "RLR" suffix and the appropriate Style code· to the device title to order the Radial Tape 

Reel. 

·Refer to Section 6 on Packaging for Style code characters and additional information on ordering 
requirements. 

DEVICE MARKINGS/DATE CODE CHARACTERS 

SOT-23, SC-S9 and SC-701S0T-323 packages have a device marking and a date code etched on the 
device. The generic example below depicts both the device marking and a representation of the date code 
that appears on the SC-70/S0T-323, SC-59 and SOT-23 packages. 

The "0" represents a smaller alpha digit Date Code. The Date Code indicates the actual month in which the 
part was manufactured. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 



SILICON EPICAP DIODES 

· .. are designed for electronic tuning and harmonic-generation applications, 
and provide solid-state reliability' to replace mechanical tuning methods. 

• Guaranteed High-Frequency Q 

• Guaranteed Wide Tuning Range 

• Premium 5% Capacitance Tolerance 

• Standard 10% CapaCitance Tolerance 

• Complete Typical Design Curves 

MAXIMUM RATINGS (TC = 25°C unless otherwise noted) 

Rating Symbol Value Unit 

Reverse Voltage VR 60 Volts 

Forward Current IF 250 rnA 

RF Power Input* Pin 5.0 Watts 

Device Dissipation @ TA = 25°C Po 400 mW 
Derate above 25°C 2.67 mwrc 

Device Dissipation @TC = 25°C Pc 2.0 Watts 
Derate above 25°C 13.3 mWrC 

Junction Temperature TJ +175 °c 

Storage Temperature Range Tstg -65 to +200 °c 

*The RF power Input rating assumes that an adequate heatslnk IS prOVided. 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage (lR = 10/LAdc) V(BR)R 

Reverse Voltage Leakage Current (VR = 55 Vdc, T A = 25°C) IR 
(VR = 55 Vdc, TA = 150"C) 

Series Inductance (f = 250 MHz, L = 1/16") LS 

Case Capacitance (f = 1.0 MHz, L = 1/16") Cc 

Diode Capacitance Temperature Coefficient (VR = 4.0 Vdc, f = 1.0 MHz) TCC 

CT. Diode Capacitance a. Figure of Merit 

lN5139,A 
thru 

lN5148,A 
2 

CASE 51-02 
(DO-204AA) 

Min 

60 

-
-
-
-
-

a 

6.8-47 pF EPICAP 
VOLTAGE-VARIABLE 

CAPACITANCE DIODES 

Typ Max 

70 -
Unit 

Vdc 

- 0.02 !LAdc 
- 20 

4.0 - nH 

0.17 - pF 

200 - ppmrc 

TR, Tuning Ratio 
VR = 4.0 Vdc, f = 1.0 MHz VR = 4.0 Vdc, 

VR = 4.0 Vdc, f = 1.0 MHz C4iC60 
pF f = 50 MHz f = 1.0 MHz 

Device Min Typ Max Min Min Typ Min Typ 

lN5139 6.1 6.8 7.5 350 0.37 0.4 2.7 2.9 
lN5139A 6.5 6.8 7.1 350 0.37 0.4 2.7 2.9 
lN5140 9.0 10 11 300 0.38 0.41 2.8 3.0 
lN5140A 9.5 10 10.5 300 0.38 0.41 2.8 3.0 

lN5141 10.8 12 13.2 300 0.38 0.41 2.8 3.0 
lN5141A 11.4 12 12.6 300 0.38 0.41 2.8 3.0 
lN5142 13.5 15 16.5 250 0.38 0.41 2.8 3.0 
lN5142A 14.3 15 15.7 250 0.38 0.41 2.8 3.0 

lN5143 16.2 18 19.8 250 0.38 0.41 2.8 3.0 
lN5143A 17.1 18 18.9 250 0.38 0.41 2.8 3.0 
lN5144 19.8 22 24.2 200 0.43 0.45 3.2 3.4 
lN5144A 20.9 22 23.1 200 0.43 0.45 3.2 3.4 

lN5145 24.3 27 29.7 200 0.43 0.45 3.2 3.4 
lN5145A 25.7 27 28.3 200 0.43 0.45 3.2 3.4 
lN5146 29.7 33 36.3 200 0.43 0.45 3.2 3.4 
lN5146A 31.4 33 34.6 200 0.43 0.45 3.2 3.4 

lN5147 36.1 39 42.9 200 0.43 0.45 3.2 3.4 
lN5147A 37.1 39 40.9 200 0.43 0.45 3.2 3.4 
lN5148 42.3 47 51.7 200 0.43 0.45 3.2 3.4 
lN5148A 44.7 47 49.3 200 0.43 0.45 3.2 3.4 
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1N5139,A thru 1N5148,A 

PARAMETER TEST METHODS 

1. Ls, SERIES INDUCTANCE 
LS is measured on a shorted package at 250 MHz using 
an impedance bridge (Boonton Radio Model 250A RX 
Meter). L = lead length. 

2. Cc. CASE CAPACITANCE 
Cc is measured on an open package at 1.0 MHz using 
a capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

3. Cr, DIODE CAPACITANCE 
(CT = Cc + CJ). CT is measured at 1.0 MHz using a 
capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

4. TR, TUNING RAllO 
TR is the ratio of CT measured at 4.0 Vdc divided by 
CT measured at 60 Vdc. 

5. Q, FIGURE OF MERIT 
Q is calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and sub· 
stituting in the following equations: 

100 
70 
SO 

30 

~ 

~ 
~ 10 
<5 7 
~ 
~ 
.s 

1.020 

1.010 

il.ooo 

i 
80.990 
is 

~0.980 
I 

0.970 

0.960 

Q = 27TfC 
G 

FIGURE 1 - DIODE CAPACITANCE versus 
REVERSE VOLTAGE 
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t--- ...... r-.... ............. 

'> V ~ ......... 
~ 
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r-- IN5148 " ,..,. r-
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r-- IN5139 

I 
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FIGURE 3 - NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 

/' 
V 

V 
V 

/' 
V 

V 
V 

" NOftMAlIZ£D TO C. --r V.=4Vdt 
T. = 25°C 

I 

5060 

-100 -75 -SO -25 +25 +50 +75 +100 
TJ, JUNCTION TEMPERATURE (OC) 
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(Boonton Electronics Model 33AS8). 

6. (]t, DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 
The diode capacitance, CT (as measured at VR = 4.0 
Vdc, f = 1.0 MHz) is compared to CT (as measured at 
VR = 60 Vdc, f = 1.0 MHz) by the following equation 
which defines a. 

a = log CT(4) - log CT(60) 
log 60 - log 4. 

Note that a CT versus VR law is assumed as shown in 
the following equation where Cc is included. 

K 
CT = Va 

7. TCc. DIODE CAPACITANCE TEMPERATURE 
COEFFICIENT 

TCC is guaranteed by comparing CT at VR = 4.0 Vdc, 
f = 1.0 MHz, TA = -65°C with CT at VR = 4.0 Vdc, f 
= 1.0 MHz, TA = +85°C in the following equation 
which defines TCC: 

TC = ICT(+850 C) - Cr(-65°C) I·~ 
C 85 + 65 . CT(25°C) 

FIGURE 2 - FIGURE OF MERIT versus REVERSE VOLTAGE 
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SILICON EPICAP DIODES 

· .. epitaxial passivated abrupt junction tuning diodes designed for elec­
tronic tuning, FM, AFC and harmonic-generation applications in AM through 
UHF ranges, providing solid-state reliability to replace mechanical tuning 
methods. 

• Excellent a Factor at High Frequencies 

• Guaranteed Capacitance Change - 2.0 to 30 V 

• Capacitance Tolerance - 10% and 5.0% 

• Cqmplete Typical Design 'Curves 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

Device Dissipation @ T A = 25·C Po 400 mW 
Derate above 25·C 2.67 mWrC 

Operating Junction Temperature Range TJ +175 ·C 

Storage Temperature Range Tstll -65 to +200 ·C 

*Indlcates JEDEC Registered Data. 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted I 

Characteristic Symbol 

Reverse Breakdown Voltage (lR = 10 pAdc) V(BR)R 

Reverse Voltage Leakage Current (VR = 25 Vdc, TA = 25·C) IR 
(VR = 25 Vdc, TA = 15O"C) 

Series Inductance (f = 250 MHz, lead length ~ 1/16") LS 

Case Capacitance (f = 1.0 MHz, lead length ~ 1/16") Cc 
Diode Capacitance Temperature Coefficient TCC 

(Note 6) (VR = 4.0 Vdc, f = 1.0 MHz) 

CT, Diode Capacitance (1) 
VR = 4.0 Vdc, 1 = 1.0 MHz 

Device pF 

Min Max 
(Nom -10%) Nom (Nom +10%) 

lN5441A 6.1 
lN5443A 9.0 
lN5444A 10.8 

lN5445A 13.5 
lN5446A 16.2 
lN5448A 19.8 

lN5449A 24.3 
lN5450A 29.7 
lN5451A 35.1 
lN5452A 42.3 

lN5453A 50.4 
lN5455A 73.8 
lN5458A 90 

(1) To order deVIces WIth CT Nom ±S.O% add Suffix B. 
'Indicetes JEDEC Registered Data. 

6.8 7.5 
10 11 
12 13.2 

15 16.5 
18 19.8 
22 24.2 

27 29.7 
33 36.3 
39 42.9 
47 51.7 

56 61.6 
82 90.2 
100 110 

lN5441A,B 
thru 

lN5456A,B 

CASE 51-02 
(DO-204AA) 

Min 

30 

-
-
-
-
-

6.8-100 pF 
30 VOLTS 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

Typ Max 

- -
- 0.02 
- 20 

4.0 -
0.17 -
300 -

2 

Unit 

Vdc 

pAdc 

nH 

pF 

ppmrC 

TR, Tuning Ratio a, Figure 01 Merit 
~/CaO VR = 4.0Vdc 

1 = 1.0 MHz 1= 50 MHz 

Min Max Min 

2.5 3.2 450 
2.6 3.2 400 
2.6 3.2 400 

2.6 3.2 400 
2.6 3.2 350 
2.6 3.2 350 

2.6 3.2 350 
2.6 3.2 350 
2.6 3.2 300 
2.6 3.2 250 

2.6 3.3 200 
2.7 3.3 175 
2.7 3.3 175 
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1 N5441 A, B thru 1N5456A, B 

PARAMETER TEST METHODS 

1. LS, SERIES INDUCTANCE 5. Q, FIGURE OF MERIT 
LS is measured on a shorted package at 250 MHz using 
an impedance bridge (Boonton Radio Model 250A RX 
Meter or equivalent). 

Q is calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and sub­
stituting in the following equations: 

2. ec. CASE CAPACITANCE 
Q = 21TfC 

G 
Cc is measured on an open package at 1.0 MHz using 
a capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

(Boonton Electronics Model 33AS8 or equivalent). 

3. Cr, DIODE CAPACITANCE 

6. TCC, DIODE CAPACITANCE TEMPERATURE 
COEFFICIENT 

TCC is guaranteed by comparing CT at VR = 4.0 Vdc, 
f = 1.0 MHz, TA = -65°C with CT at VR = 4.0 Vdc, f 
= 1.0 MHz, TA = +85°C in the following equation, 
which defines TCC: 

(CT = Cc + CJ). CT is measured at 1.0 MHz using a 
capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

4. TR, TUNING RATIO TC = ICT(+850 C) - CT(-65°C) I·~ 
C 85 + 65 CT(25°C) 

... 

.9 ... 
'" z ... .... 
;::; 

§ 
... 
Q 
Q 

i5 
d 

TR is the ratio of CT measured at 2.0 Vdc divided by 
CT measured at 30 Vdc. Accuracy limited by Cr measurement to ± 0.1 pF. 
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FIGURE 1 - NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 
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1 N5441 A, B thru 1N5456A, B 
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FIGURE 3 - FIGURE OF MERIT versus REVERSE VOLTAGE 

10.000 

5000 f-TA" 25°C 
i- f - 50 MHz 

~ 
2000 

1000 

500 

200 

100 
1.0 

100 

50 

20 
10 
5. 0 

2. 
I. 

0.5 

0 

0 
0 

0 

5 

2 

I 

0.20 

0.1 

0.0 

0.0 

0.0 
5.0 

5-a 

IN5441A~ 

~ 

",I""" IN5450A .... ~ 

.-- - IN5456A -:::::: P-

--f-" II 
2.0 3.0 5.0 7.0 10 20 

VR. REVERSE VOLTAGE (VOLTS) 

FIGURE 5 - REVERSE CURRENT versus REVERSE 
BIAS VOLTAGE 

J 
TA=1250C 

~I 

TA = 750J -
TA=250C 

~ 

10 15 20 25 3D 
VR. REVERSE VOLTAGE (VOLTS) 

I-

:!j .. 
~ 
0 
w 

" :;, 
to 
;;: 
d 

~ 
0 

~ 
w 
to .. 
~ 
> 
0 

" ~ 
~ 
'S 

FIGURE 4 - FIGURE OF MERIT versus FREQUENCY 

30DO 
2000 

l00D 
r-....; ........ - T/\. 25~C-

VR ·4.0 Vd, 

500 

300 " 200 ..... IN5441A 

100 
......... 

50 

3D 
lN5456A 

IN5450A~ 
20 

10 
10 20 3D 

j 
50 70 100 200 250 

1.12 

1.06 

1.00 

0.94 

0.88 

0.82 

0.76 

0.70 

f. FREQUENCY (MHz) 

FIGURE 6 - FORWARD VOLTAGE versus 
FORWARD CURRENT 

I 
IN~IA/ V 

~ 
/ INJ50A V 

/' 
/ .--r...-~ 

,/' I-""" ~ 
~ ~6A ...-

----
f--"_ ---- I 

~ I 
75 150 225 3DO 375 425 500 

IF. FORWARD CURRENT (mA) 

Motorola SmaU-8ignal Transistors, FETs and Diodes Device Data 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Silicon Pin Switching Diode 
This switching diode is designed primarily for VHF band switching 

applications but is also sUitable for use in general-purpose switching circuits. It 
is supplied in a SOD-123 Surface Mount package. 

• Rugged PIN Structure Coupled with Wirebond Construction for Optimum 
Reliability 

• Low Capacitance - 0.85 pF Typ at VR = 3.0 Volts 

• Very Low Series Resistance at 100 MHz - 0.36 Ohms (Typ) 
@ IF= 10mAdc 

• Available in 8 mm Tape and Reel 
Use BA582T1 to order the 7 inch/3,OOO unit reel 
Use BA582T3 to order the 13 inchl10,000 unit reel 

1 o---j 1+---0 2 
CATHODE ANODE 

MAXIMUM RATINGS 

Rating Symbol 

Reverse Voltage VR 

Forward Power Dissipation @ TA = 25'C PF 
Derate above 25'C 

Junction Temperature TJ 

Storage Temperature Range Tstg 

DEVICE MARKING 

I BA582Tl =S 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted) 

Characteristic Symbol Min 

Reverse Breakdown Voltage V(BR)R 35 
(IR = 10 1lA) 

Diode Capacitance VR= 1.0V Cr -
VR=3.0V -

Series Resistance IF= 3.0 rnA RS -
(1= 100 MHz) IF=10mA -

Reverse Leakage Current IR -
(VR =20 V) 

Forward Voltage VF -
(IF= 100 rnA) 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

BA582T1 
Motorola Preferred Device 

CASE 425-04, STYLE 1 
SOO-123 

Value Unit 

35 Vdc 

200 mW 
2.0 mW/'C 

+125 'C 

-55 to +150 'C 

Typ Max Unit 

- - Volts 

- 1.4 pF 
- 1.1 

- 0.7 Ohms 
- 0.5 

- 20 nA 

- 1.0 V 
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TYPICAL ELECTRICAL CHARACTERISTICS 
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MAXIMUM RATINGS 

Rating Symbol Value 

Continuous Reverse Voltage VR 70 

Peak Forward Current IF 100 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board" Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Total Device Dissipation Po 300 
Alumina Substrate'" TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, Tstll -55 to +150 

'FR-5 = 1.0 x 0.75 x 0.062 in. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BAL99L T1 = JF 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Voltage Leakage Current 
(VR = 70 V) 
(VR = 25 V, TJ = 150'C) 
(VR = 70 V, TJ = 150'C) 

Reverse Breakdown Voltage 
(lR = 100 /LA) 

Forward Voltage 
(IF = 1.0 mAl 
(IF = 10 mAl 
(IF = 50 mAl 
(IF = 150 mAl 

Recovery Current 
(IF = 10 mA, VR = 5.0 V, RL = 500 m 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Reverse Recovery Time 
(IF = IR = 10 mA, RL = 100 n, measured at IR = 1.0 mAl 

Forward Recovery Voltage 
(IF = 10 mA, tr = 20 ns) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

mAde 

Unit 

mW 

mWrC 

'CIW 

mW 

mWrC 

'CIW 

'c 

Symbol 

IR 

V(BR) 

VF 

QS 

CD 

trr 

VFR 

BAL99LT1* 
CASE 318-07, STYLE 18 

SOT-23 (TO-236AB) 

Anode Cathode 
30 _, 02 

SWITCHING DIODE 

*This is a Motorola 
designated preferred device. 

Min Max 

- 2.5 
- 30 
- 50 

70 -

- 715 
- 855 
- 1000 
- 1250 

- 45 

- 1.5 

- 6.0 

- 1.75 

Unit 

pA 

V 

mV 

pC 

pF 

ns 

V 
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FIGURE 1 - FORWARD VOLTAGE FIGURE 2 - LEAKAGE CURRENT 
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MAXIMUM RATINGS 

Rating Symbol 

Continuous Reverse Voltage VR 

Peak Forward Current IF 

Peak Forward Surge Current IFMlsurge) 

THERMAL CHARACTERISTICS 

Charactaristic Symbol 

Total Device Dissipation FR-5 Board,' PD 
TA = 25'C 
Derate above 25'C 

Thermal Resistance Junction to Ambient RIiJA 

Total Device Dissipation PD 
Alumina Substrate," T A = 25'C 
Derate above 25'C 

Thermal Resistance Junction to Ambient R8JA 

Junction and Storage Temperature TJ, Tsta 
'FR-5 = 1.0 x 0.75 x 0.062 tn. 

"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BAS16LTI = A6 

Value 

75 

200 

500 

Max 

225 

I.B 

556 

300 

2.4 

417 

-55to +150 

Unit 

Vdc 

mAde 

mA 

Unit 

mW 

mWI'C 

'CIW 

mW 

mWI'C 

'CIW 

'c 

BAS16LT1* 
CASE 318-07, STYLE 8 

SOT -23 (TO-236AB) 

Cathode Anode 

SWITCHING DIODE 

*This is a Motorola 
designated preferred davlce. 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Reverse Voltage Leakage Current IR 
IVR = 75 V) 
IVR = 75 V, TJ = 150'C) 
IVR = 25 V, TJ = 150'C) 

Reverse Breakdown Voltage VIBR) 
(lBR = 100pA) 

Forward Voltage VF 
(IF = 1.0 rnA) 
(IF = 10mA) 
(IF = 50 rnA) 
(IF = 150 rnA) 

Diode Capacitance CD 
IVR = 0, f = 1.0 MHz) 

Forward Recovery Voltage VFR 
(IF = 10 mA, tr = 20 ns) 

Reverse Recovery Time trr 
(IF = IR = 10 rnA, RL = 500) 

Stored Charge Os 
(IF = 10 mA to VR = 5.0 V, RL = 5000) 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

IF 
1_ 

Min Max 

- 1.0 
- 50 
- 30 

75 -

- 715 
- 855 
- 1000 
- 1250 

- 2.0 

- 1.75 

- 6.0 

- 45 

OUTPUT PULSE 

Unit 

pA 

V 

mV 

pF 

V 

ns 

pC 

(IF = IR = 10 mA; measured 
at iRIREC) = 1.0 rnA) 

Notes: 1. A 2.0 kO variable resistor adjusted for a Forward Current (IF) of 10 mAo 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. Ip» trr 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 5-13 
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FIGURE 2 - FORWARD VOLTAGE FIGURE 3 - LEAKAGE CURRENT 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Silicon Switching Diode 

MAXIMUM RATINGS (TA = 25°C) 

Rating Symbol Max 

Continuous Reverse Voltage VR 75 

Recurrent Peak Forward Current IR 200 

Peak Forward Surge Current IFM(surge) 500 
Pulse Width = 10 /1S 

Total Power Dissipation, One Diode Loaded Po 200 
TA = 25°C 
Derate above 25°C 1.6 
Mounted on a Ceramic Substrate 
(10 x 8xO.6 mm) 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

DEVICE MARKING 

I A6 

THERMAL CHARACTERISTICS 

Characteristic 

Thennal Resistance, Junction to Ambient 
One Diode Loaded 
Mounted on a Ceramic Substrate 
(10x8xO.6mm) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

Forward Voltage IF= 1.0mA 
IF=10mA 
IF=50mA 
IF=100mA 

Reverse Current VR=75V 
VR = 75 V, TJ = 150°C 
VR = 25 V, TJ = 150°C 

CapaCitance VR = 0, f = 1.0 MHz 

Reverse Recovery Time 
IF = IR = 10 rnA, RL = 50 n (Figure 1) 

Stored Charge 
IF = lOrnA to VR = 6.0 V, RL = 500 n (Figure 2) 

Forward Recovery Voltage 
IF = 10 rnA, tr = 20 ns (Figure 3) 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Motorola Small-Signal TranSistors, FETs and Diodes Device Data 

Unit 

V 

mA 

mA 

mW 

mWfOC 

°C 

Symbol 

RaJA 

Symbol 

VF 

IR 

CD 

trr 

OS 

VFR 

BAS16WT1 
Motorola Preferred Device 

CASE 419-02, STYLE 2 
SC-7OJSOT-323 

30 1'4 01 
CATHODE ANODE 

Max Unit 

0.625 °C/mW 

Min Max Unit 

- 715 mV 
- 866 
- 1000 
- 1250 

- 1.0 j.lA 
- 50 
- 30 

- 2.0 pF 

- 6.0 ns 

- 45 PC 

- 1.75 V 

5-15 
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Irr 

Figure 1. Reverse Recovery Time Equivalent Test Circuit 

Vc 
VCM 

Figure 2. Recovery Charge Equivalent Test Circuit 

v 
11m 

Figure 3. Forward Recovery Voltage Equivalent Test Circuit 
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Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

BAS16WT1 

50 
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MAXIMUM RATINGS 

Rating Symbol Value 

Continuous Reverse Voltage VR 250 

Peak Forward Current IF 200 

Peak Forward Surge Current 'FM(surael 625 

THERMAL CHARAcTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* PD 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient R6JA 556 

Total Device Dissipation PD 300 
Alumina Substrate,** TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient R6JA 417 

Junction and Storage Temperature TJ, Tstg -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BAS21LT1 = JS 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Reverse Voltage Leakage Current 
(VR = 200 V) 
(VR = 200 V, TJ = 150'C) 

Reverse Breakdown Voltage 
(lBR = 100 pA) 

Forward Voltage 
(IF = 100 rnA) 
(IF = 200 rnA) 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Reverse Recovery Time 
(IF = 'R = 30 rnA. RL = 1000) 

Unit 

Vdc 

mAdc 

mA 

Unit 

mW 

mWf'C 

'CIW 

mW 

mWf'C 

'CIW 

'C 

Symbol 

'R 

V(BR) 

VF 

CD 

trr 

BAS21LT1* 
CASE 318-07, STYLE 8 

SOT -23 (TO)-236AB) 

3 0-----+1111 ..... ----<0 1 
Cathode Anode 

SWITCHING DIODE 

*This is a Motorola 
designsted preferred device_ 

Min Max 

- 0.1 
- 100 

250 -

- 1000 
- 1250 

- 5.0 

- 50 

Unit 

pA 

V 

mV 

pF 

ns 

FIGURE 1 - Recovery Time Equivalent Test Circuit 
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INPUT SIGNAL 

Notes: 1. A 2.0 kO variable resistor adjusted for a Forward Current (IF) of 30 rnA. 
2. Input pulse is adjusted so IR(peak) is equal to 30 rnA. 
3. tp' trr 

OUTPUT PULSE 
(IF = IR = 30 rnA; measured 

at iR(REC)= 3.0 rnA) 

Moloro)a Small-8ignal Transistors, FETs and Diodes Device Data 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Switching Diode 
This switching diode has the following features: 

• Low Leakage Current Applications 

• Medium Speed Switching Times 

• Available in 8 mm Tape and Reel 
Use BAS116LT1 to order the 7 inch/3,OOO unit reel 
Use BAS116LT3 to order the 13 inch/10,OOO unit reel 

MAXIMUM RATINGS 

Rating 

Continuous Reverse Voltage 

Peak Forward Current 

Peak Forward Surge Current 

DEVICE MARKING 

I BAS116LTI = JV 

THERMAL CHARACTERISTICS 

Characteristic 

Total Device Dissipation FR-5 Board (1) 
TA = 25°C 
Derate above 25°C 

Thermal Resistance Junction to Ambient 

Total Device Dissipation 
Alumina Substrate (2) TA = 25°C 
Derate above 25°C 

Thermal Resistance Junction to Ambient 

Junction and Storage Temperature 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage (lBR = 100 j.tA) 

Reverse Voltage Leakage Current (VR = 75 V) 
(VR = 75 V, TJ = 150°C) 

Forward Voltage (IF = 1.0 mAl 
(IF=10mA) 
(IF=50mA) 
(IF=150mA) 

Diode Capacitance (VR = 0 V, f = 1.0 MHz) 

Reverse Recovery Time (IF = IR = 10 mAl (Figure 1) 

(1) FR-5 = 1.0 x 0.75 x 0.062 in. 
(2) Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

30--1+-01 
CATHODE ANODE 

Symbol 

VR 

IF 

IFM(surge) 

Symbol 

Po 

RaJA 

Po 

RaJA 

TJ, Tstg 

Symbol 

V(BR) 

IR 

VF 

CD 

trr 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 1 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

BAS116LT1 
Motorola Preferred Device 

,~' 
2 

CASE 318-07, STYLE 8 
SOT-23 (TO-236AB) 

Value Unit 

75 Vdc 

200 mAde 

500 mA 

Max Unit 

225 mW 

1.8 mW/oC 

556 °CIW 

300 mW 

2.4 mWrC 

417 °CIW 

-55 to +150 °C 

Min Max Unit 

75 - V 

- 5.0 nA 
- BO 

- 900 mV 
- 1000 
- 1100 
- 1250 

- 2.0 pF 

- 3.0 IJ.S 

5-19 



BAS116LT1 
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lOUT I L __ ...J 

INPUT SIGNAL 

Notes: 1. A 2.0 kn variable resistor adjusted for a Forward Current (IF) of lOrnA. 
2. Input pulse is adjusted so IR(peak) is equal to lOrnA. 
3. tp» trr 

Figure 1. Recovery Time Equivalent Test Circuit 

OUTPUT PULSE 
(IF = IR = 10 rnA; measured 

at iR(REC) = 1 rnA) 

MotorolaSmall-Signal Transistors, FETs and Diodes Device Data 



MAXIMUM RATINGS (EACH DIODE) 

Rating Symbol 

Reverse Voltage VR 

Forward Current IF 

Peak Forward Surge Current IFM(surge) 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Total Device Dissipation FR-5 Board, * Po 
TA = 25'C 
Derate above 25'C 

Thermal Resistance Junction to Ambient R/IJA 

Total Device Dissipation Po 
Alumina Substrate, ** T A = 25'C 
Derate above 25'C 

Thermal Resistance Junction to Ambient R/IJA 

Junction and Storage Temperature TJ, Tsta 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BAV70LTl = A4 

Value Unit 

70 Vdc 

200 mAdc 

500 mAdc 

Max Unit 

225 mW 

1.8 mWrC 

556 'CIW 

300 mW 

2.4 mWrC 

417 'C/W 

-55 to +150 'c 

BAV70LT1* 
CASE 318-07, STYLE 9 

SOT-23 (TO-236ABI 

Anode 

30-1 
Cathode :::: 

Anode 

MONOLITHIC DUAL 
SWITCHING DIODE 

*This is a Motorola 
designated preferred device. 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) (EACH DIODE) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BR) 
(I(BR) = 100 pAdc) 

Reverse Voltage Leakage Current IR 
(VR = 25 Vde, TJ = 150'C) 
(VR = 70 Vde) 
(VR = 70 Vde, TJ = 150'C) 

Diode Capacitance CD 
(VR = 0, f = 1.0 MHz) 

Forward Voltage VF 
(IF = 1.0 mAde) 
(IF = 10 mAde) 
(IF = 50 mAde) 
(IF = 150 mAl 

Reverse Recovery Time RL = lOOn trr 
(IF = IR = 10 mAde, VR = 5.0 Vde, IR(REC) = 1.0 mAde) (Figure 1) 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

IF 
t_ 

Min Max 

>70 -

- 60 
- 2.5 
- 100 

- 1.5 

- 715 
- 855 
- 1000 
- 1250 

- 6.0 

OUTPUT PULSE 

Unit 

Vdc 

pAde 

pF 

mVde 

ns 

t_ 

(IF = IR = 10 mA; measured 
at iR(REC) = 1.0 mAl 

Notes: 1. A 2.0 k!l variable resistor adjusted for a Forward Current (IF) of lOrnA. 
2. Input pulse is adjusted so IR(peak) is equal to lOrnA. 
3. tp» trr 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 5-21 
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Curves Applicable to each Anode 

FIGURE 2 - FORWARD VOLTAGE 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Dual Switching Diode 

MAXIMUM RATINGS (TA = 25°C) 

Rating Symbol Max 

Reverse Voltage VR 70 

Forward Current IF 200 

Peak Forward Surge Current IFM(surge) 500 

DEVICE MARKING 

I A4 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board (1) PD 200 
TA=25°C 
Derate above 25°C 1.6 

Thermal Resistance Junction to Ambient RSJA 0.625 

Total Device Dissipation PD 300 
Alumina Substrate (2) TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient RSJA 417 

Junction and Storage Temperature TJ, Tstg -55 to +150 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(I(BR) = 100 !lAde) 

Reverse Voltage Leakage Current 
(VR =70 Vdc) 
(VR =50Vdc) 

Diode Capacitance 
(VR = 0, f= 1.0 MHz) 

Forward Voltage 
(IF = 1.0 mAde) 
(IF=10mAdc) 
(IF = 50 mAde) 
(IF = 150 mAde) 

Reverse Recovery Time 
(IF = IR = 10 mAde, RL = 100 Q, IR(REC) = 1.0 mAde) (Figure 1) 

Forward Recovery Voltage 
(IF = 10 mA, tr= 20 ns) (Figure 2) 

(1) FR-5 = 1.0 x 0.75 x 0.062 In. 

(2) Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 

Unit 

Vdc 

mAde 

mAde 

Unit 

mW 

mWFC 

°C/W 

mW 

mWFC 

°C/W 

°C 

Symbol 

V(BR) 

IR1 
IR2 

CD 

VF 

trr 

VRF 

BAV70WT1 
Motorola Preferred Device 

CASE 419-02, STYLE 5 
SC-701S0T-323 

ANODE 

CA~~'----I<:: __ ""': : 

Min Max Unit 

70 - Vdc 

- 5.0 !lAde 
- 100 nAdc 

- 1.5 pF 

mVdc 
- 715 
- 855 
- 1000 
- 1250 

- 6.0 ns 

- 1.75 V 
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BAV70WT1 
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MAXIMUM RATINGS (EACH DIODE) 

Rating Symbol Value Unit 

Reverse Voltage VR 50 Vdc 

Forward Current IF 200 mAdc 

Peak Forward Surge Current IFM(surge) 500 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' PD 225 mW 
TA = 25°C 
Derate above 25°C 1.8 mWrC 

Thermal Resistance Junction to Ambient R/iJA 556 0c/w 

Total Device Dissipation PD 300 mW 
Alumina Substrate," TA = 25°C 
Derate above 25°C 2.4 mWrC 

Thermal Resistance Junction to Ambient R/iJA 417 0c/w 

Junction and Storage Temperature TJ, Tsta -55to +150 °c 

"FR-5 = 1.0 x 0.75 x 0.062 In. 

'"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BAV74LT1 = JA 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) (EACH DIODE) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(I(BR) = 5.0 pAdc) 

Reverse Voltage Leakage Current 
(VR = 50 Vdc, TJ = 125°C) 
(VR = 50 Vdc) 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Voltage 
(IF = 100 mAdc) 

Reverse Recovery Time 
(IF = IR = 10 mAdc, iR(REC) = 1.0 mAdc, measured at IR = 1.0 rnA. RL = 1000) 

BAV74LTI 
CASE 318-07, STYLE 9 

SOT-23 (TO-236AB) 

Anode 

30-1 
Cathode :: :~ 

Anode 

MONOLITHIC DUAL 
SWITCHING DIODE 

Symbol Min Max 

V(BR) 50 -

IR 
- 100 
- 0.1 

CD - 2.0 

VF - 1.0 

trr - 4.0 

Unit 

Vdc 

pAdc 

pF 

Vdc 

ns 
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AGURE 3 - LEAKAGE CURRENT 
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MAXIMUM RATINGS lEACH DIODE) 

RatIng Symbol Value Unit 

Reverse Voltage VR 70 Vdc 

Forward Current IF 215 mAde 

Peak Forward Surge Current IFMlsuroel 500 mAde 

Repetitive Peak Reverse Voltage VRRM 70 V 

Average Rectified Forward Current" IFIAV) 715 mA 
(averaged over any 20 ms period) 

Repetitive Peak Forward Current IFRM 450 mA 

Non,Repetitive Peak Forward Current IFSM A 
t=1.0p.s 2.0 
t=1.0ms 1.0 
t = 1.0A 0.5 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board, * Po 225 mW 
TA = 25'C 
Derate above 25'C 1.8 mWrC 

Thermal Resistance Junction to Ambient R/IJA 556 'CIW 

Total Device Dissipation Po 300 mW 
Alumina Substrate,"" T A = 25'C 
Derate above 25'C 2.4 mWrC 

Thermal Resistance Junction to Ambient R/IJA 417 'CIW 

Junction and Storage Temperature TJ, Tstll -65 to +150 'c 
"FR-5 = 1.0 x 0.75 x 0.062 !n. 

""Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BAV99LTl = A7 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) lEACH DIODE) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage (lIBRI = 100~) VIBR) 

Reverse Voltage Leakage Current (VR = 70 Vdc) IR 
(VR = 25 Vde, TJ = 150'C) 
(VR = 70 Vde, TJ = 150'C) 

Diode Capacitance CD 
(VR = 0, f = 1.0 MHz) 

Forward Voltage (IF = 1.0 mAde) VF 
(IF = 10 mAde) 
(IF = 50 mAde) 
(IF = 150 mAde) 

Reverse Recovery TIme (IF = IR = 10 mAde, iR(REC) = 1.0 mAde) (Figure 1) RL = lOOn trr 

Forward Recovery Voltage (IF = 10 mA, tr = 20 ns) VFR 

BAV99LT1* 
CASE 318-07, STYLE 11 

SOT-23 (TO-236AB) 

,~' 
2 

Anode Cathode 
10~~~~J~--~.~02 

3 
Cathode/Anode 

DUAL SERIES 
SWITCHING DIODE 

*This is a Motorola 
designated preferred device. 

Min Max 

70 -
- 2.5 
- 30 
- 50 

- 1.5 

- 715 
- 855 
- 1000 
- 1250 

- 6.0 

- 1.75 

Unit 

Vdc 

~dc 

pF 

mVdc 

ns 

V 

FIGURE 1 - Recovery Time Equivalent Test Circuit 
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INPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 mA; measured 

at iR(REC) = 1.0 mAl 

Notes: 1. A 2.0 k!l variable resistor adjusted for a Forward Currenl (IF) of 10 mAo 
2. Inpul pulse is adjusted so IR(peak) is equal to 10 mAo 
3. Ip • Irr 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 



<" 
.§. .... z 
~ 
a:: 
~ 
u 
c 
a:: 

~ 
a:: 
~ 
~ 

Curves Applicable to each Diode 

100 

10 

1.0 

0.1 
0.2 

FIGURE 2 - FORWARD VOLTAGE 

10 

TA=85'C ...... I I 1.0 
"L L b 
/ I I ..... TA - -40'C 1 .... z 

tl'i 
a 0.1 

I I " I I r TA = 25'C 
m 
a:: 

~ 
I I 

I 
a:: 
.IF 

0.Q1 

I I 
I I 0.001 

I o 
I I 

0.4 0.6 0.8 1.0 1.2 

VF, FORWARD VOLTAGE IVOLTS) 

FIGURE 4 - CAPACITANCE 

0.68 

~ 0.64 
~ z 
~ 
u 

~ 0.60 
u 
~ " a 
Q 
C 0.56 u 

'-...... ----~ 
0.52 

o 
VR, REVERSE VOLTAGE IVOLTS) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

FIGURE 3 - LEAKAGE CURRENT 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Monolithic Dual Switching Diode 
This switching diode has the following features: 

• Low Leakage Current Applications 

• Medium Speed Switching Times 

• Available in 8 mm Tape and Reel 
Use BAV170LT1 to order the 7 inch/3,OOO unit reel 
Use BAV170LT3 to order the 13 inch/10,OOO unit reel 

ANODE 

CAT~C: 
ANODE 

MAXIMUM RATINGS 

Rating Symbol 

Reverse Voltage VR 

Forward Current IF 

Peak Forward Surge Current IFM(surge) 

DEVICE MARKING 

I BAVI70LTI = JX 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Total Device Dissipation FR-5 Board (I) PD 
TA = 25"C 
Derate above 25"C 

Thermal Resistance Junction to Ambient RaJA 

Total Device Dissipation PD 
Alumina Substrate (2) TA = 25"C 
Derate above 25"C 

Thermal Resistance Junction to Ambient RaJA 

Junction and Storage Temperature TJ, Tstg 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted) (EACH DIODE) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage (I(BR) = 100 ~A) V(BR) 

Reverse Voltage Leakage Current (VR = 70 V) IR 
(VR = 70 V, TJ = 150"C) 

Diode Capacitance (VR = 0 V, f = 1.0 MHz) CD 

Forward Voltage (IF = 1.0 mAl VF 
(IF=10mA) 
(IF=50 mAl 
(IF= 150mA) 

Reverse Recovery Time RL=100Q trr 
(IF = IR = 10 mAl (Figure 1) 

(1) FR-5 = 1.0 x 0.75 x 0.062 In. 
(2) Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 1 

BAV170LT1 
Motorola Preferred Device 

CASE 318-07, STYLE 9 
SOT-23 (TO-236AB) 

Value Unit 

70 Vdc 

200 mAdc 

500 mAdc 

Max Unit 

225 mW 

1.8 mW/"C 

556 "CIW 

300 mW 

2.4 mW/"C 

417 "CIW 

-55 to +150 "C 

Min Max Unit 

70 - Vdc 

- 5.0 nAdc 
- 80 

- 2.0 pF 

- 900 mVdc 
- 1000 
- 1100 
- 1250 

- 3.0 ~ 

5-30 Motorola Small-5ignal Transistors, FETs and Diodes Device Data 



INPUT SIGNAL 

Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mAo 
3. tp» trr 

Figure 1. Recovery Time Equivalent Test Circuit 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

BAY170LT1 

OUTPUT PULSE 
(IF = IR = 10 mA; measured 

at iR(REC) = 1 mAl 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Dual Series Switching Diode 
This switching diode has the following features: 

• Low Leakage Current Applications 

• Medium Speed Switching Times 

• Available in 8 mm Tape and Reel 
Use BAV199LT1 to order the 7 inch/3,OOO unit reel 
Use BAV199LT3 to order the 13 inch/10,OOO unit reel 

ANODE 
1 0 

CATHODE 

~Ib ~102 
3 

CATHODE/ANODE 

MAXIMUM RATINGS 

Rating Symbol 

Reverse Voltage VR 

Forward Current IF 

Peak Forward Surge Current IFM(surge) 
Repetitive Peak Reverse Voltage VRRM 

Average Rectified Forward Current (1) (averaged over any 20 ms period) IFIAV) 
Repetitive Peak Forward Current IFRM 

Non-Repetitive Peak Forward Current t= 1.011S IFSM 
t=I.0ms 
t= 1.0 A 

DEVICE MARKING 

I BAVI99LT1 =JY 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Total Device DisSipation FR-5 Board (1) TA = 25'C Po 
Derate above 25'C 

Thermal Resistance Junction to Ambient RSJA 

Total Device Dissipation Po 
Alumina Substrate (2) TA = 25'C 
Derate above 25'C 

Thermal Resistance Junction to Ambient RSJA 

Junction and Storage Temperature TJ, Tsto 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) (EACH DIODE) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage (IIBR) = 100 1lA) VISR) 

Reverse Voltage Leakage Current (VR = 70 V) IR 
(VR = 70 V, TJ = 150'C) 

Diode Capacitance (VR = 0 V, f = 1.0 MHz) CD 

Forward Voltage (IF = 1.0 mAl VF 
(IF=10mA) 
(IF=50mA) 
(If= 150 mAl 

Reverse Recovery Time (IF = IR = 10 mAl (Figure 1) trr 

(1) FR-5= 1.0 x 0.75 x 0.062 m. 
(2) Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 1 

BAV199LT1 
Motorola Preferred Device 

CASE 318-07, STYLE 11 
SOT-23 (TQ-236AB) 

Value Unit 

70 Vdc 

215 mAdc 

500 mAdc 

70 V 

715 mA 

450 mA 

2.0 A 
1.0 
0.5 

Max Unit 

225 mW 
1.8 mW/,C 

556 'CIW 

300 mW 

2.4 mW/,C 

417 'CIW 

-65 to +150 'C 

Min Max Unit 

70 - Vdc 

- 5.0 nAdc 
- 80 

- 2.0 pF 

- 900 mVdc 
- 1000 
- 1100 
- 1250 

- 3.0 I1S 
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1 ___ IF 

INPUT SIGNAL 

Noles: 1. A 2.0 kG variable resislor adjusled for a Forward Currenl (IF) of 10 rnA. 
2. Inpul pulse is adjusled so IR(peak) is equal 10 10 rnA. 
3.lp »Irr 

Figure 1. Recovery Time Equivalent Test Circuit 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

BAY199LT1 

OUTPUT PULSE 
(IF = IR = 10 rnA; measured 

atiR(REC) = 1 rnA) 
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MAXIMUM RATINGS lEACH DIODE) 

Rating Symbol Valua Unit 

Reverse Voltage VR 70 Vdc 

Forward Current IF 200 mAde 

Peak Forward Surge Current IFMlsurae) 500 mAde 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board," Po 225 mW 
TA = 25'C 
Derate above 25'C 1.8 mWI'C 

Thermal Resistance Junction to Ambient RIiJA 556 'C/W 

Total Device Dissipation Po 300 mW 
Alumina Substrate,'" TA = 25'C 
Derate above 25'C 2.4 mWI'C 

Thermal Resistance Junction to Ambient R8JA 417 'c/w 

Junction and Storage Temperature TJ, Tst!! -55to +150 'C 

'FR-5 = 1.0 x 0.75 x 0.062 in. 
"'Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BAW56LTI = AI 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) lEACH DIODE) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage VIBR) 
(lIBR) = 100 ,.Adc) 

Reverse Voltage Leakage Current IR 
(VR = 25 Vdc, T J = 150'C) 
(VR = 70 Vdc) 
(VR = 70 Vdc, TJ = 150'C) 

Diode Capacitance CD 
(VR = 0, f = 1.0 MHz) 

Forward Voltage VF 
(IF = 1.0 mAde) 
(IF = 10 mAde) 
(IF = 50 mAde) 
(IF = 150 mAl 

Reverse Recovery Time trr 
(IF = IR = 10 mAde, IR(REC) = 1.0 mAde) (Figure 1) RL = loon 

BAW56LT1* 
CASE 318-07, STYLE 12 

SOT-23 (TO-236AB) 

Cathode 

MONOLITHIC DUAL 
SWITCHING DIODE 

*This is a Motorola 
designated preferred device. 

Min Max 

70 -

- 30 
- 2.5 
- 50 

- 2.0 

- 715 
- 855 
- 1000 
- 1250 

- 6.0 

Unit 

Vdc 

,.Adc 

pF 

mVdc 

ns 

FIGURE 1 - Recovery Time Equivalent Test Circuit 
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INPUT SIGNAL 

Notes: 1. A 2.0 k{} variable resistor adjusted for a Forward Current (IF) of 10 rnA. 
2. Input pulse is adjusted so IR(paak) is equal to lOrnA. 
3. Ip • trr 

OUTPUT PULSE 
(IF = IR = 10 mA; measured 

at iR(REC) = 1.0 mAl 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 
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FIGURE 3 - LEAKAGE CURRENT 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Dual Switching Diode 

MAXIMUM RATINGS (T A = 25°C) 

Rating Symbol Max 

Reverse Voltage VR 70 

Forward Current IF 200 

Peak Forward Surge Current IFM(surge) 500 

DEVICE MARKING 

I AI 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board (1) Po 200 
TA = 25°C 
Derate above 25°C 1.6 

Thermal Resistance Junction to Ambient RaJA 0.625 

Total Device DiSSipation Po 300 
Alumina Substrate (2) TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient RaJA 417 

Junction and Storage Temperature TJ, Tstg -55 to +150 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(i(BR) = 100 tJAdc) 

Reverse Voltage Leakage Current 
(VR = 25 Vdc, TJ = 150°C) 
(VR =70Vdc) 
(VR = 70 Vdc, T J = 150°C) 

Diode Capacitance 
(VA = 0, f= 1.0 MHz) 

Forward Voltage 
(IF = 1.0 mAdc) 
(IF = 10 mAdc) 
(IF = 60 mAdc) 
(IF = 150 mAde) 

Reverse Recovery Time 
(IF= IR = 10 mAdc, RL = 1000, IR(REC) = 1.0 mAdc) (Figure 1) 

(1) FA-5 = 1.0 x 0.75 x 0.062 in. 
(2) Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Unit 

Vde 

mAde 

mAde 

Unit 

mW 

mW/oC 

°cm 

mW 

mWrC 

°cm 

°C 

Symbol 

V(BR) 

IR 

CD 

VF 

trr 

BAW56WT1 

Min 

70 

-
-
-
-

-
-
-
-
-

Motorola Preferred Devtce 

CASE 419-02, STYLE 4 
SC-701S0T·323 

Max Unit 

- Vdc 

tJAdc 
30 
2.5 
50 

2.0 pF 

mVdc 
715 
855 
1000 
1250 

6.0 ns 
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BAW56WT1 

OUTPUT PULSE 
(IF = IR = 10 rnA; measured 

a1 iR(REC) = 1 rnA) 

Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (IF) of 10 mAo 

f 

2. Input pulse is adjusted so IR(peak) is equal to 10 mAo 
3. tp» trr 

Figure 1. Recovery Time Equivalent Test Circuit 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Monolithic Dual Switching Diode 
This switching diode has the following features: 

• Low Leakage Current Applications 

• Medium Speed Switching Times 

• Available in 8 mm Tape and Reel 
Use BAW156LT1 to order the 7 inch/3,000 unit reel 
Use BAW156LT3 to order the 13 inchl1 0,000 unit reel 

MAXIMUM RATINGS 

Rating 

Reverse Voltage 

Forward Current 

Peak Forward Surge Current 

DEVICE MARKING 

I BAW156LTI = JZ 

THERMAL CHARACTERISTICS 

Characteristic 

Total Device Dissipation FR-5 Board (1) 
TA=25'C 
Derate above 25'C 

Thermal Resistance Junction to Ambient 

Total Device Dissipation 
Alumina Substrate (2) TA = 25'C 
Derate above 25'C 

Thermal Resistance Junction to Ambient 

Junction and Storage Temperature 

CATHODE 

AN~~: 
CATHODE 

Symbol 

VR 

IF 

IFM(surge) 

Symbol 

Po 

RaJA 

Po 

RaJA 

TJ, Tstg 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) (EACH DIODE) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage (I(BR) = 100 1lA) V(BR) 

Reverse Voltage Leakage Current (VR = 70 V) IR 
(VR = 70 V, TJ = 150'C) 

Diode Capacitance (VR = 0 V, f = 1.0 MHz) CD 

Forward Voltage (IF = 1.0 mAl VF 
(IF= 10mA) 
(IF=50mA) 
(IF= 150mA) 

Reverse Recovery Time trr 
(IF' = IR = 10 mAl (Figure 1) 

(1) FR-5 = 1.0 x 0.75 x 0.062 In. 

(2) Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 1 

BAW156LT1 
Motorola Preferred Device 

,~' 
2 

CASE 318-07, STYLE 12 
SOT-23 (T()"236AB) 

Value Unit 

70 Vdc 

200 mAdc 

500 mAdc 

Max Unit 

225 mW 

1.8 mW/'C 

556 'C/W 

300 mW 

2.4 mWI'C 

417 'C/W 

-55 to +150 'C 

Min Max Unit 

70 - Vdc 

- 5.0 nAdc 
- 80 

- 2.0 pF 

- 900 mVdc 
- 1000 
- 1100 
- 1250 

- 3.0 IJ.S 
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INPUT SIGNAL 

Notes: 1. A 2.0 k!l variable resistor adjusted for a Forward Current (IF) of 10 rnA. 
2. Input pulse is adjusled so IR(peak} is equal 10 10 rnA. 
3.lp » Irr 

Figure 1. Recovery Time Equivalent Test Circuit 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

BAW156LT1 

OUTPUT PULSE 
(IF = IR = 10 rnA; measured 

al iR(REC) = 1 rnA) 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Single Silicon Switching Diode 
This Silicon Epitaxial Planar Diode is designed for use in ultra high speed 

switching applications. This device is housed in the SC-70 package which is 
designed for low power surface mount applications. 

• Fast trr, < 3.0 ns 

• Low CD, < 2.0 pF 

• Available in 8 mm Tape and Reel 
Use'M1MA141/2KT1 to order the 7 inch/3000 unit reel. 
Use M1MA141/2KT3 to order the 13 inchl10,000 unit reel. 

MAXIMUM RATINGS (T A = 25°C) 

Rating Symbol 

Reverse Voltage M1MA141KTI VR 

M1MA142KTI 

Peak Reverse Voltage M1MA141KTI VRM 

M1MA142KTI 

Forward Current IF 

Peak Forward Current IFM 

Peak Forward Surge Current IFSM{I) 

(I) t=1 SEC 

THERMAL CHARACTERISTICS 

Rating Symbol 

Power Dissipation Po 

Junction Temperature TJ 

Storage Temperature Tstg 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol 

Reverse Voltage Leakage Current I M1MA141KTI IR 

I M1MA142KTI 

Forward Voltage VF 

Reverse Breakdown Voltage I M1MA141KTI VR 

I M1MA142KTI 

Diode Capacitance CD 

Reverse Recovery Time trr(2) 

(2) trr Test CircUIt 

Value Unit 

40 Vdc 

80 

40 Vdc 

80 

100 mAdc 

225 mAdc 

500 mAdc 

Max Unit 

150 mW 

150 °C 

-55 - +150 °C 

Condition 

VR=35V 

VR=75V 

IF=100mA 

IR = 100 IIA 

VR = 0, f = 1.0 MHz 

IF = 10 mA, VR =6.0 V, 
RL = lOOn, Irr= O.IIR 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 2 

M1MA141KT1 
M1MA142KT1 

Motorola Preferred Devices 

SC-701S0T-323 PACKAGE 
SINGLE SILICON 

SWITCHING DIODE 
40180 V-100 rnA 

SURFACE MOUNT 

CASE 419-02, STYLE 2 
SC-701S0T -323 

Min 

-
-

-
40 

80 

-

-

CATHODE 
3 

~ 
ANODE NO CONNECTION 

1 2 

Max Unit 

0.1 IIA 
0.1 

1.2 Vdc 

- Vdc 

-
2.0 pF 

3.0 ns 
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M1MA141KT1 M1MA142KT1 

RECOVERY TIME EQUIVALENT TEST CIRCUIT INPUT PULSE OUTPUT PULSE 

« 
.§.. 
f-z w 
a: 
a: 
::::> 
0 
c 
a: 
~ a: 
~ 
.!f. 

100 

r-
r--

lO 

0.1 
0.2 

- 10% / "97! 
Irr=O.lIR 

DEVICE MARKING - EXAMPLE 

Marking Symbol 

I Type No. I 141K 1 142K J 
I Symbol I MH I MI I 

--'0- 90% --,~ 

tp=211S 
tr= 0.35 ns 

The "X" represents a smaller alpha digit Date Code. The Date Code 
Indicates the actual month in which the part was manufactured. 

10 
TA = 150°C 

IF=10mA 
VR=6V 
RL= loon 

~ TA-85°C I ~ TA= 4Q°C 
TA = 125°C ~ 

f-

I ,. 
I TA = 25°C 

I I 
0.4 0.6 0.8 

Vf; FORWARD VOLTAGE (VOLTS) 

Figure 1. Forward Voltage 

0.68 

~ 
w 0.64 
~ 
>' u 
~ 0.6 
(§ 
w 
c o 
i5 
6 0.56 
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a: 
.£i': 0.01 
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VR, REVERSE VOLTAGE (VOLTS) 

Figure 2. Reverse Current 
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Figure 3. Diode Capacitance 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Common Anode Silicon 
Dual Switching Diode 

This Common Anode Silicon Epitaxial Planar Dual Diode is designed for use 
in ultra high speed switching applications. This device is housed in the SC-70 
package which is designed for low power surface mount applications. 

• Fast trr, < 10 ns 

• LOWCD,<15pF 
• Available in 8 mm Tape and Reel 

Use M1MA141/2WAT1 to order the 7 inch/3000 unit reel. 
Use M 1 MA 141/2WAT3 to order the 13 inchl1 0,000 unit reel. 

MAXIMUM RATINGS (TA = 25°C) 

Rating Symbol 

Reverse Voltage M1MAI41WAT1 VR 

M1MA142WAT1 

Peak Reverse Voltage M1MAI41WAT1 VRM 

M1MA142WATI 

Forward Current Single IF 

Dual 

Peak Forward Current Single IFM 

Dual 

Peak Forward Surge Current Single IFSM(I) 

Dual 

(1) t=1 SEC 

THERMAL CHARACTERISTICS 

Rating Symbol 

Power Dissipation Po 

Junction Temperature TJ 

Storage Temperature Tstg 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol 

Reverse Voltage Leakage Current I M1MA141WATI IR 

I M1MA142WAT1 

Forward Voltage VF 

Reverse Breakdown Voltage I M1MA141WATI VR 

I M1MA142WAT1 

Diode Capacitance CD 

Reverse Recovery Time trr(2) 

(2) trr Test Circuit 

Value Unit 

40 Vde 

80 

40 Vde 

80 

100 mAde 

150 

225 mAdc 

340 

500 mAdc 

750 

Max Unit 

150 mW 

150 °C 

-55 - +150 °C 

Condition 

VR =35V 

VR=75V 

IF=100mA 

IR = 100 IJA 

VR = 0, f;= 1.0 MHz 

IF = 10 mA, VR = 6.0 V, 
RL= 1000, Irr =0.1IR 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 2 

M1MA141WAT1 
M1MA142WAT1 

Motorola Preferred DevIces 

SC-701S0T-323 PACKAGE 
COMMON ANODE 

DUAL SWITCHING DIODE 
40180 V-100 rnA 

SURFACE MOUNT 

CASE 419-02, STYLE 4 
SC-70/S0T-323 

Min 

-

-
-
40 

80 

-

-

ANODE 
3 

~ 
1 2 

CATHODE 

Max Unit 

0.1 IJA 
0.1 

1.2 Vdc 

- Vdc 

-
15 pF 

10 ns 
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M1MA141WAT1 M1MA142WAT1 

RECOVERY TIME EQUIVALENT TEST CIRCUIT INPUT PULSE OUTPUT PULSE 

100 

I--r--

1 

O. 1 
0.2 

10% 9?t-
DEVICE MARKING - EXAMPLE 

Marking Symbol 

! Type No. !141WA !142WA ! 

I Symbol I MN L MO I 

90% 

tp=2~ 
tr= 0.35 ns 

The "X" represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 

10 
TA = 150°C 

Irr=O.lIR 

IF= 10 mA 
VR=6V 
RL=loon 

f= TA=85'C 
rY , , TA = 40'C 

1 
>-

TA = 125'C 

z w 
a: a: 
::::J TA = 85'C , ,. () 

0.1 w en , TA - 25'C 
a: 
w 
> w TA = 55'C 
a: 

0.01 $ , I 
TA = 25'C , 

0.4 0.6 0.8 1.2 
0.001 

10 20 30 40 
VF, FORWARD VOLTAGE (VOLTS) VR, REVERSE VOLTAGE (VOLTS) 

Figure 1. Forward Voltage Figure 2. Reverse Current 

1.75 

~ 
1.5 w 

() 
z 
;5 
0 
<i: 1.25 
13 
w 
0 
0 
15 
6 
() 

1\ 
\ 
\ 

\. 
"', ........ 

'- --r---I---0.75 
o 2 6 

VR, REVERSE VOLTAGE (VOLTS) 

Figure 3. Diode Capacitance 

50 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 5-43 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Common Cathode Silicon 
Dual Switching Diode 

This Common Cathode Silicon Epitaxial Planar Dual Diode is designed for 
use in ultra high speed switching applications. This device is housed in the 
SC-70 package which is designed for low power surface mount applications. 

• Fast trr, < 3.0 ns 

• Low CD, < 2.0 pF 

• Available in 8 mm Tape and Reel 
Use M1MA141/2WKTl to order the 7 inch/3000 unit reel. 
Use M1MA141/2WKT3 to order the 13 inch/l0,OOO unit reel. 

MAXIMUM RATINGS (TA=25'C) 

Rating Symbol 

Reverse Voltage MtMA141WKTl VR 

M1MA142WKTl 

Peak Reverse Voltage M1MA141WKTl VRM 

M1MA142WKTl 

Forward Current Single IF 

Dual 

Peak Forward Current Single IFM 

Dual 

Peak Forward Surge Current Single IFSM(l) 

Dual 

(1) t=l SEC 

THERMAL CHARACTERISTICS 

Rating Symbol 

Power Dissipation PD 

Junction Temperature TJ 

Storage Temperature Tstg 

ELECTRICAL CHARACTERISTICS (T A = 25'C) 

Characteristic Symbol 

Reverse Voltage Leakage Current I M1MA141WKTl IR 

I M1MA142WKTl 

Forward Voltage VF 

Reverse Breakdown Voltage I M1MA141WKTl VR 

I M1MA142WKTl 

Diode Capacitance CD 

Reverse Recovery Time trr(2) 

(2) trr Test CirCUit 

Value Unit 

40 Vdc 

80 

40 Vdc 

80 

100 mAdc 

150 

225 mAdc 

340 

500 mAdc 

750 

Max Unit 

150 mW 

150 'C 

-55 - +150 'C 

Condition 

VR=35V 

VR=75V 

IF=100mA 

IR = 100 IlA 

VR =0, f= 1.0 MHz 

IF= 10 mA, VR = 6.0 V, 
RL = 100 Q,lrr =O.lIR 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 2 

M1MA141WKT1 
M1 MA142WKT1 

Motorola Pre1erred Devices 

SC-701S0T-323 PACKAGE 
COMMON CATHODE 

DUAL SWITCHING DIODE 
40/80 V-l00 mA 

SURFACE MOUNT 

CASE 419-02, STYLE 5 
SC-701S0T-323 

Min 

-
-
-
40 

80 

-

-

CATHODE 
3 

~ 
ANODE 

Max Unit 

0.1 IlA 
0.1 

1.2 Vdc 

- Vdc 

-
2.0 pF 

3.0 ns 
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M1MA141WKT1 M1MA142WKT1 

RECOVERY TIME EQUIVALENT TEST CIRCUIT INPUT PULSE OUTPUT PULSE 

100 

1 r--

~ 10 
I--

II: 
II: a 
o 
II: 

~ 
~ 
.!:f 

O. 

1 

1 
0.2 

= TA=85°e 

II 

/ 

DEVICE MARKING - EXAMPLE 

Marking Symbol 

I Type No. I 141WK I 142WK I 
I Symbol I MT I MU I 

- 10% / 
r- 90% .., '-

Ip=21lS 
1,= 0.35 ns 

The "J(" represents a smalle, alpha digit Date Code. The Dale Code 
indicates the actual monlh in which the part was manufactured. 

10 
TA = 1500 e 

1 
t-
Z 

TA _125°e 

TA = we 
W 
II: 
II: 
:::J 
u 0.1 w 

TA = 85°e ,. 
en 
II: 
w 
> 
W TA =55°e I TA = 25°e 

II: 
0.01 $ 

I 

0.001 
TA = 25°e 

I 

9?}-
1,,=O.lIR 

IF=10mA 
VR=6V 
RL=loon 

0.4 0.6 0.8 1.2 10 20 30 40 50 
Vr; FORWARD VOLTAGE (VOLTS) VR, REVERSE VOLTAGE (VOLTS) 

Figure 1. Forward Voltage Figure 2. Reverse Current 
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Figure 3. Diode Capacitance 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Single Silicon Switching Diodes 
These Silicon Epitaxial Planar Diodes are designed for use in ultra high 

speed switching applications. These devices are housed in the SC-59 package 
which is designed for low power surface mount applications. 

• Fast trr, < 3 ns 

• Low CD, < 2 pF 

• Available in 8 mm Tape and Reel 
Use M1MA151/2ATl to order the 7 inch/3000 unit reel. 
Use M1MA151/2AT3 to order the 13 inch/l 0,000 unit reel. 

MAXIMUM RATINGS (TA = 25Q C) 

Rating Symbol 

Reverse Voltage M1MA151ATl VR 

M1MAI52ATt 

Peak Reverse Voltage M1MA151ATt VRM 

M1MA152ATt 

Forward Current IF 

Peak Forward Current IFM 

Peak Forward Surge Current IFSM(I) 

THERMAL CHARACTERISTICS 

Rating Symbol 

Power Dissipation Po 

Junction Temperature TJ 

Storage Temperature Tstg 

ELECTRICAL CHARACTERISTICS (T A = 25QC) 

Characteristic Symbol 

Reverse Voltage Leakage Current I M1MA151ATl IR 

I M1MA152ATt 

Forward Voltage VF 

Reverse Breakdown Voltage I M1MA151ATl VR 

I M1MA152ATl 

Diode Capacitance Co 

Reverse Recovery Time trr(2) 

(1) t= 1 sec 
(2) trr Test Circuit 

Value Unit 

40 Vdc 

80 

40 Vdc. 

80 

100 mAdc 

225 mAdc 

500 mAdc 

Max Unit 

200 mW 

150 QC 

-55 to +150 QC 

Condition 

VR=35V 

VR =75V 

IF=100mA 

IR = 100!iA 

VR = 0, f = 1 MHz 

IF= 10 mA, VR =6 V, 
RL = 100 n, Irr = 0.1 IR 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 3 

M1MA151AT1 
M1MA152AT1 

Motorola Preferred DevIces 

SC-59 PACKAGE 
SINGLE SILICON 

SWITCHING DIODES 
40180 V-I 00 mA 

SURFACE MOUNT 

CASE 3180-03, STYLE 4 

Min 

-
-
-
40 

80 

-
-

ANODE 
3 

~ 
2 1 

CATHODE NO CONNECTION 

Max Unit 

0.1 !iA 

0.1 

1.2 Vdc 

- Vdc 

-

2 pF 

3 ns 
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RECOVERY TIME EQUIVALENT TEST CIRCUIT 

DEVICE MARKING 

Marking Symbol 

I Type No. I 151A I 152A I 
I Symbol I MA I MB I 

INPUT PULSE 

--' 10% / 
-t- 90% ...,'---

1p=2!lS 
tr= 0.35 ns 

The "J(" represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

M1MA151AT1 M1MA152AT1 

OUTPUT PULSE 

"97! 
Irr =O.lIR 

IF=10mA 
VR=6V 
RL=100Q 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Single Silicon Switching Diodes 
These Silicon Epitaxial Planar Diodes are designed for use in ultra high 

speed switching applications. These devices are housed in the SC-59 package 
which is designed for low power surface mount applications. 

• Fast trr, < 3 ns 

• Low CD, < 2 pF 

• Available in 8 mm Tape and Reel 
Use M1MA151/2KTl to order the 7 inch/3000 unit reel. 
Use M1MA15112KT3 to order the 13 inch/l0,OOO unit reel. 

MAXIMUM RATINGS (T A = 25°C) 

Rating Symbol 

Reverse Voltage M1MA151KTl VR 

M1MA152KTl 

Peak Reverse Voltage M1MA151KTl VRM 

M1MA152KTl 

Forward Current IF 

Peak Forward Current IFM 

Peak Forward Surge Current IFSM(I) 

THERMAL CHARACTERISTICS 

Rating Symbol 

Power Dissipation Po 

Junction Temperature TJ 

Storage Temperature Tstg 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol 

Reverse Voltage Leakage Current I M1MA151KTl IR 

I M1MA152KTl 

Forward Voltage VF 

Reverse Breakdown Voltage I M1MA151KTl VR 

I M1MA152KTl 

Diode Capacitance CD 

Reverse Recovery Time trr(2) 

(1) t=l SEC 
(2) trr Test Circuit 

Value Unit 

40 Vde 

80 

40 Vdc 

80 

100 mAdc 

225 mAde 

500 mAde 

Max Unit 

200 mW 

150 °C 

-55 to +150 °C 

Condition 

VR=35V 

VR=75V 

IF= 100 rnA 

IR = 100 IlA 

VR = 0, f = 1 MHz 

IF = 10 rnA, VR = 6 V, 
RL=looQ,lrr =O.lIR 

Prefened devices are Motorola recommended choices for future use and best overall value. 

Rev 3 

M1MA151KT1 
M1MA152KT1 

Motorola Preferred Devices 

SC-59PACKAGE 
SINGLE SILICON 

SWITCHING DIODES 
40180 V-l00 mA 

SURFACE MOUNT 

CASE 318D-03, STYLE 2 

Min 

-

-

-
40 

80 

-
-

CAiliODE 
3 

ctd 
2 1 

ANODE NO CONNECTION 

Max Unit 

0.1 IlA 
0.1 

1.2 Vde 

- Vdc 

-
2 pF 

3 ns 
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RECOVERY TIME EQUIVALENT TEST CIRCUIT 

DEVICE MARKING - EXAMPLE 

Marking Symbol 

L "TYpe NO.J 151 K 1 152K I 
I Symbol I MH 1 MI 1 

INPUT PULSE 

- 10% II 
,90% -+-

tp=2flS 
tr= 0.35 ns 

The "X" represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 

Motorola Small-5ignal Transistors. FETs and Diodes Device Data 

M1MA151KT1 M1MA152KT1 

OUTPUT PULSE 

~ 
Irr =0.1IR 

IF= 10 mA 
VR=6V 
RL=100Q 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Common Anode Silicon 
Dual Switching Diodes 

These Common Anode Silicon Epitaxial Planar Dual Diodes are designed for 
use in ultra high speed switching applications. These devices are housed in the 
SC-59 package which is designed for low power surface mount applications. 

• Fast trr, < 10 ns 
• Low CD, < 15 pF 
• Avaiiable in 8 mm Tape and Reel 

Use M1 MA151/2WAT1 to order the 7 inch/3000 unit reel. 
Use M1MA151/2WAT3 to order the 13 inch/10,OOO unit reel. 

MAXIMUM RATINGS (TA = 25°C) 

Rating Symbol 

Reverse Voltage M1MA151WATl VR 

M1MA152WATl 

Peak Reverse Voltage M1MA151WATl VRM 

M1MA152WATl 

Forward Current Single IF 

Dual 

Peak Forward Current Single IFM 

Dual 

Peak Forward Surge Current Single IFSM(I) 

Dual 

THERMAL CHARACTERISTICS 

Rating Symbol 

Power Dissipation Po 

Junction Temperature TJ 

Value Unit 

40 Vde 

80 

40 Vde 

80 

100 mAde 

150 

225 mAde 

340 

500 mAde 

750 

Max Unit 

200 mW 

150 °C 

Storage Temperature Tstg -55 to +150 °C 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Condition 

Reverse Voltage Leakage Current I M1MA151WATl IR VR=35V 

I M1MA152WATl VR=75V 

Forward Voltage VF IF=100mA 

Reverse Breakdown Voltage I M1MA151WATl VR IR = 100 IlA 
I M1MA152WATl 

Diode Capacitance Co VR = 0, f = 1 MHz 

Reverse Recovery Time trr(2) IF = 10 mA, VR = 6 V, 
RL=100Q,lrr =0.IIR 

(1) t=1 SEC 
(2) trr Test Circuit 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 3 

M1MA151WAT1 
M1MA152WAT1 

Motorola Preferred Devices 

SC-59 PACKAGE 
COMMON ANODE 

DUAL SWITCHING DIODES 
40180 V-100 mA 

SURFACE MOUNT 

CASE 3180-03, STYLE 5 

2 

Min 

-
-
-
40 

80 

-
-

ANODE 
3 

CATHODE 

Max 

0.1 

0.1 

1.2 

-

-
15 

10 

Unit 

IlA 

Vde 

Vde 

pF 

ns 
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M1MA151WAT1 M1MA152WAT1 

RECOVERY TIME EQUIVALENT TEST CIRCUIT INPUT PULSE 

...J 10% / 
,90% -,-

DEVICE MARKING - EXAMPLE 

Marking Symbol 

L Type No. I 151WA I 152WA I 
L Symbol I MN I MO I 

tp=2~ 
tr = 0.35 ns 

The "X" represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 

Motorola SmaU-8ignal Transistors, FETs and Diodes Device Data 

OUTPUT PULSE 

~ 
Irr=O.IIR 

IF=IOmA 
VR=6V 
RL= 1000 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Common Cathode Silicon 
Dual Switching Diodes 

These Common Cathode Silicon Epitaxial Planar Dual Diodes are designed 
for use in ultra high speed switching applications. These devices are housed in 
the SC-59 package which is designed for low power surface mount 
applications. . 

• Fast trr, < 3 ns 

• Low CD, < 2 pF 

• Available in 8 mm Tape and Reel 
Use M1 MA 151/2WKT1 to order the 7 inch/3000 unit reel. 
Use M1MA151/2WKT3 to order the 13 inchl10,OOO unit reel. 

MAXIMUM RATINGS (TA=25°C) 

Rating Symbol Value 

Reverse Voltage M1MA151WKT1 VR 40 

M1MA152WKT1 80 

Peak Reverse Voltage M1MA151WKT1 VRM 40 

M1MA152WKT1 80 

Forward Current Single IF 100 

Dual 150 

Peak Forward Current Single IFM 225 

Dual 340 

Peak Forward Surge Current Single IFSM(1) 500 

Dual 750 

THERMAL CHARACTERISTICS 

Rating Symbol Max 

Power Dissipation PD 200 

Junction Temperature TJ 150 

Storage Temperature Tstg -55 to +150 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol 

Reverse Voltage Leakage Current I M1MA151WKT1 IR 

I M1MA152WKT1 

Forward Voltage VF 

Reverse Breakdown Voltage I M1MA151WKT1 VR 

I M1MA152WKT1 

Diode Capacitance CD 

Unit 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

Unit 

mW 

°C 

°C 

Condition 

VR =35 V 

VR=75V 

IF=100mA 

IR = 100 IJA 

VR = 0, f = 1 MHz 

Reverse Recovery Time trr(2) IF=10mA,VR=6V, 
RL = 100 n, Irr= 0.11R 

(1) t=1 SEC 
(2) trr Test Circuit 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 3 

M1MA151WKT1 
M1 MA152WKT1 

Motorola Preferred Devices 

SC-59 PACKAGE 
COMMON CATHODE 

DUAL SWITCHING DIODES 
40180 V-100 rnA 

SURFACE MOUNT 

CASE 3180-03, STYLE 3 

CATHODE 

ANODE 

Min Max Unit 

- 0.1 IJA 
- 0.1 

- 1.2 Vdc 

40 - Vdc 

80 -

- 2 pF 

- 3 ns 
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M1MA151WKT1 M1MA152WKT1 

RECOVERY TIME EQUIVALENT TEST CIRCUIT 

DEVICE MARKING - EXAMPLE 

Marking Symbol 

I Type No·l l 51WK I l52WK J 
l Symbol J MT I MU J 

INPUT PULSE 

-' 10% / 
,-90% -~ 

tp~2~ 
tr~ 0.35 ns 

The ")(" represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 

Motorola Small-Signal Transistors. FETs and Diodes Device Data 

OUTPUT PULSE 

~ 
Irr =O.IIR 

IF~ 10mA 
VR~6V 

RL ~ loon 
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MAXIMUM RATINGS (@ 25DC Free-Air Temperature unless otherwise noted.) 

Rating Symbol ' Value 

Pea"k Reverse Voltage(l) VRM 50 

Steady-State Reverse Voltage VR 50 

Peak Forward Current at (or IFM 500 

Unit 

Vdc 

Vdc 

rnA 

MAD130P* 
MADll03P* 
MADll07P* 
MADll08P* 

below) 25DC Free-Air. 
Temperature(l) ... MAD1108P 

CASE 648-08 

Continuous Forward Current at IF 
(or below) 25DC Free-Air 
Temperature(2) 

Continuous Power Dissipation at PD 
(or below) 25DC Free-Air 
Temperature(3) 

Operating Free-Air Temperature TA 

400 

600 . 

-65 to +125 

rnA 

mW 

DC 

MAD130P 
MADll03P, MADll07P 

CASE 646-06 

Range MONOLITHIC DIODE ARRAYS 
Storage Temperature Range Tstg 

Lead Temperature 1/16' from 
Case for 10 Seconds 

NOTES: 

-65 to +150 

260 

DC 

DC * These are Motorola 
designated preferred devices. 

1. These values apply for PW .. 100 p.s, duty cycle .. 20%. 
2. Derate linearity to + 125DC temperature at rate of 3.2 mAl"C. 
3. Derate linearity to + 125DC temperature at rate of 6.0 mWrC. 

PACKAGE OPTIONS 

PLASTIC PLASTIC 
P SuftIx PSuilix 

Pin Pin 
Connection Connection 

Device 

MADI30P 
DIlallO-Diode Array 

MAD1103P 
Dual 8-Diode Array 

Rev 1 

Ref. No. Case Device 

l 646-06 
MAD1107P 
Dual 8-Diode Array 

4 646-06 
MADl1ll8P 
8-Diode Array 

PIN CONNECTION DIAGRAMS 

8- Diode Array 
16-Pin Package 

2 

Dual 8-Diode Array 
14-Pm Package 

Ref. No. 

2 

1 

11111111 1 mI 3 11 12 4 5 9 10 

16 15 14 13 12 11 10 9 7 

Case 648 

3 

Dual IO-Diode Array 
14-Pin Package 

Case 646 

4 

Dual 8-Dlode Array 
14-Pin Package 

'Plns 4,6.10.13 = NC 
Case 646 

Case 

646-06 

648-Il8 
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MAD130P MAD1103P MAD1107P MAD110BP 

ELECTRICAL CHARACTERISTICS (@ 25'C Free-Air Temperature) 

Limit 

Characteristic Symbol Min Max Unit 

Reverse Breakdown Voltage(l) V(BR) 
(lR = 10 pA) 50 - Vdc 

Static Reverse Current IR pA 
(VR = 40 V) - 0.1 

-
Static Forward Voltage VF Vdc 

(IF = 100 mAl - 1.2 
(IF = 500 mA)(2) - 1.6 

Peak Forward Voltage(3) VFM - 5.0 Vdc 
(IF = 500 mAl 

SWITCHING CHARACTERISTICS (@ 25'C Free-Air Temperature) 

Characteristic Symbol Typical Value Unit 

Forward Recovery Time, Figure 3 tfr 20 ns 
(IF = 500 rnA) 

Reverse Recovery TIme, Figure 2 trr MADll001 8.0 ns 

(IF = 200 rnA, IRM = 200 rnA, RL = 1000, irr = 20 mAl Others I 10.0 

NOTES: 
1. This parameter must be measured using pulse techniques. PW = 100 p.s, duty cycle'" 20%. 
2. This parameter is measured using pulse techniques. PW = 300 p.s, duty cycle", 2.0%. Read time is 90 p.s from the leading edge of the 

pulse. 
3. The initial instantaneous value is measured using pulse techniques. PW = 150 ns, duty cycle", 2.0%, pulse rise time'" 10 ns. The 

total capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 

FIGURE 1 - TYPICAL CHARACTERISTICS 
STATIC FORWARD VOLTAGE 

1000 

1.0 

O. 1 

TA - +25°C = 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 

VF. FORWARD VOLTAGE IVOLTS) 

FIGURE 2 - FORWARD RECOVERY TIME AND PEAK FORWARD 
VOLTAGE TEST CIRCUIT AND WAVEFORMS 

lOn 
TPm c>---'VV'~-..-----o TPout 

tr:;;;; 15 ns 
Duty Cycle ~ 20% 
PW=150ns 

tr~4 5 ns 
DUT Rm~ 1 0 Mn 

etn OS;; 5 0 pF 
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MAD130P MAD1103PMAD1107P MAD1108P 

5-56 

FIGURE 3 - REVERSE RECOVERY TIME TEST CIRCUIT AND WAVEFORMS 

oJL TPrn 

Adjust amphtude for 
IF = 200 mAde to 500 mAde 
Input Pulse 

tf~ 10ns 
Duty Cycle ~ 1 0% 
PW=200ns 
Zout = 50 ohms 

O.05jJF 

6 k 1.2 mH 
0001 jJF 

tr " 04 ns 
Rm= 50 ohms 
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MAD130P MAD11 03P MAD11 07P MAD110BP 

TEST PROCEDURE FOR MULTIPLE DIODES 

1.0. REVERSE BIAS TESTING 

1.1. LEAKAGE 
Regardless of device configuration type, when testing any 

reverse bias condition, the forcing power supply must be 
applied only to the uncommon terminal of the pair. As in Figure 
1, this would be pins 1 and 14. This can be referred as the high 
side of the test circuit. The low side of the test circuit must be 
connected to the common terminal of the pair which in most 
testers is where the current measurement is taken. This 
method is used to eliminate the possibility of degrading the 
diode in that pair which is not under test. Diode arrays with 
multiple pairs such as the MAD11 03, also have leakage paths 
in the die between common terminals of the pairs. To isolate 
the device under test so that the leakage from the other pairs 
in the package do not affect the test result, the leakage current 
from the common terminals of the pairs not under test must be 
shunted to measurement common. Figure 1 shows the test 
configuration for both of these cases. 

FIGURE 1 

1.2. BREAKDOWN 
It is not recommended to test breakdown on these devices 

due to the possibility of degrading the device. Breakdown may 
be checked on a curve tracer but extreme caution should be 
used. 

2.0. FORWARD BIAS TESTING 
Diode arrays are designed with the pairs in parallel therefore 

care must be taken to prevent the other diodes in the array 
from affecting the measured value of the diode under test. 
Figure 2 illustrates the proper technique to measure only the 
correct value of the diode under test. 

FIGURE 2 

2.1. KELVIN CONNECTION 
To achieve the best possible accuracy when testing bias 

currents over 10 mA, Kelvin connection to the leads of the 
device under test is mandatory. True Kelvin connection 
dictates that two test connections are made directly to the 
leads of the device. One is for power which is the bias supply, 
and the other is for sense which is forthe measurement circuit. 
Kelvin connections are used to eliminate the effects of the 
connection reSistance between the lead of the device and the 
contacts of the test handler and/or hand fixture. Figure 3 is an 
example of Kelvin connection. 

FIGURE 3 

TEST o-.J.,.--I<III---.,.I-o() TEST 
HI LO 

2.2. PULSE TESTING 
When testing bias currents over 1 0 mA, pulse testing should 

be used to minimize thermal drift of the measured value. The 
pulse width of a pulse test is approximately 300 IJ.S to 380 IJ.S. 

3.0. TESTING PROTOCOL 

3.1. TEST TYPES 
When testing in sequence all of the electrical characteris­

tics, all reverse bias conditions should be tested before the 
forward bias conditions are tested. 

3.2_ BIASING MAGNITUDES 
Tests of the same test type should be grouped together with 

the bias conditions in ascending order. For example: 

VF @ 10 mA < 0.6 V 
VF @ 50 mA < 0.8 V 
VF@ 100mA< 1 V 
VF @ 500 mA < 1.5 V 
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MAXIMUM RATINGS (@ 25°C Free-Air Temperature unless otherwise noted) 

Rating Symbol Value Unit 

Peak Reverse Voltage(l) VRM 50 Vdc 

Steady-State Reverse VR 50· Vdc 
Voltage 

Peak Forward Current at IFM 500 mA 
(or below) 25°C Free-Air 
Temperature(l) 

Continuous Forward IF 400 mA 
Current at (or below) 
25°C Free-Air 
Temperature(2) 

Continuous Power Po 600 ' mW 
Dissipation at (or below) 
25°C Free-Ai r 
Temperature(3) 

Operating Free-Air TA -55to +125 
°c 

Temperature Range 

Storage Temperature 
Range 

Tstg -55to +150 
°c 

Lead Temperature 1/16" 260 °c 
from Case for 10 
Seconds 

NOTES: 
1. These values apply for PW "" 1 00 I's, duty cycle"" 20%. 
2. Derate linearity to + 125°C temperature at rate 01'3.2 mArC. 
3. Derate linearity to + 125°C temperature at rate of 6.0 mWrC. 

ELECTRICAL CHARACTERISTICS (@ 25°C Free-Air Temperature) 

Characteristic 

Reverse Breakdown Voltage(4) (lR = 10 p.A) 

Static Reverse Current (VR = 40 V) 

Static Forward Voltage (IF = 100 mAl 
(IF = 500 mA)(5) 

Peak Forward Voltage(6) (IF = 5.00 mAl 

SWITCHING CHARACTERISTICS (@ 25°C Free-Air Temperature) 

Characteristic 

Forward Recovery Time, Figure 3 (IF = 5.00 mAl 

Reverse Recovery Time, Figure 2 
(IF = 20.0 mA. IRM = 20.0 mA, RL = 1.00 n, irr = 20 mAl 

NOTES: 

MADll09P* 

PLASTIC 
CASE 646-06 

TO-116 

MONOLITHIC DIODE ARRAY 

Symbol 

V(BR) 

IR 

VF 

VFM 

Symbol 

tfr 

trr 

*This is a Motorola 
designated preferred device. 

PIN CONNECTION DIAGRAM 

IIIII!1 
Limit 

Min Max 

50 -
- 0.1 

- 1.20 
- 1.6.0 

- 5 . .0 

Typical Value 

2.0 

B . .o 

Unit 

Vdc 

p.A 

Vdc 

Vdc 

Unit 

ns 

ns 

4. This parameter must be measured using pulse techniques. PW = 10.0 I's, duty cycle"" 200/0. 
5. This parameter is measured using pulse techniques. PW = 3.001'8, duty cycle"" 2 . .0%. Read time is 9.0 I's from'the leading edge of the 

pulse. 
6. The initial instantaneous value is measured using pulse techniques. PW = 150 ns, duty cycle"" 2.0%, pulse rise time"" 1 0 ns. The 

total capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is B.o MHz. 

Rev 1 

5-58 Motorola Small-5ignal Transistors, FETs and Diodes Device Data 



1000 

1 

o. 1 

TA +25"C= == 

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 

VF. FORWARD VOLTAGE IVOLTS) 

Figure 1. Typical Characteristics 
Static Forward Voltage 

10n 
Tpino---'INI,...-...... ---oO Tpoul 

I, '" 15 ns 
DUTY CYCLE", 2% 
PW = lOOns 

OUT 
I, '" 4.5 ns 
Rin'" 1 Mn 
Cin '" 5pF 

Figure 2. Forward Recovery Time and Peak Forward 
Voltage Test Circuit and Waveforms 

SCOPE 

MAD1109P 

T 0.05/LF 
~ Poin __ -'_4~_~~_o--+ __ ~~o--6 

ADJUST AMPLITUDE FOR omA~--~----~~­
I" IF = 200 mAde To 500 mAde 6 k I,'" 0.4ns INPUT PULSE 

1,,,,1 ns 
DUTY CYCLE", 1% 
PW = 200ns 
ZOUI = 50 OHMS 

O.OOl/LF Rin = 50 OHMS 

Figure 3. Reverse Recovery Time Test Circuit and' Waveforms 
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SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

· .. designed primarily for UHF mixer applications but suitable also for use 
in detector and ultra-fast switching circuits. Supplied in an inexpensive plas­
tic package for low-cost, high-volume consumer requirements. Also avail­
able in Surface Mount package. 

• The Rugged Schottky Barrier Construction Provides Stable Characteristics 
by Eliminating the "Cat-Whisker" Contact 

• Low Noise Figure - 6.0 dB Typ @ 1.0 GHz 

• Very Low Capacitance - LessThan 1.0 pF @ Zero Volts 

• High Forward Conductance - 0:5 Volts (Typ) @ IF = 10 mA 

MAXIMUM RATINGS 

MBD10l\ MMBD101LT1 

Rating Symbol Value Unit 

Reverse Voltage VR 7.0 Volts 

Forward Power Dissipation PF 

I 
@TA=25°C 280 200 mW 
Derate above 25°C 2.8 2.0 mWrC 

Junction Temperature TJ +125 °c 

Storage Temperature Range Tsta -55 to +150 °c 

DEVICE MARKING 

I MMBD101LT1 = 4M 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(lR = 10 JIA) 

Diode Capacitance CT 
(VR = 0, f = 1.0 MHz, Note 1) 

Forward Voltage (1) VF 
(IF = 10 mAl 

Noise Figure NF 
(f = 1.0 GHz, Note 2) 

Reverse Leakage IR 
(VR = 3.0 V) 

MBDI01* 

CASE~:~~'::~T1!* 
2 :TO-~:6AC: 1 1 2 

Cathode Anode 

CASE 318-07. STYLE 8 1.3 
SOT-23 (TO-236AB) U.11J 

Min 

7.0 

-

-

-

-

2 

3 0>---+10IIf----<0 1 
Cathode Anode 

SILICON HOT-CARRIER 
UHF MIXER DIODES 

*These are Motorola 
designated preferred devices. 

Typ Max 

10 -
0.88 1.0 " 

0.5 0.6 

6.0 -
0.02 0.25 

Unit 

Volts 

pF 

Volts 

dB 

JIA 

MMBD101lT1 IS also avaIlable on bulk packagong. Use MMBD101l as the deVIce tItle to order th,s devIce" on bulk. 
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1 
~ 
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~ 
w en 

~ a: 
.It 

t.5 

1.0 
0.7 
0.5 

0.2 

0.1 
0.07 
0.05 

0.02 

0.01 

1.0 

0.7 

0.6 

MBD101 MMBD101LT1 

TYPICAL CHARACTERISTICS 
(T A = 25°C unless noted) 

FIGURE 1 - REVERSE LEAKAGE 

r---- -VR 3.0Vdc ,/ 

/' 
,/ 

30 40 50 60 70 80 90 100 110 120 130 

T A, AMBIENT TEMPERATURE (OCI 

FIGURE 3 - CAPACITANCE 

t"'-...... 
............... r-... ---

1.0 2.0 3.0 4.0 

VR, REVERSE VOLTAGE (VOLTSI 

FIGURE 5 - NOISE FIGURE TEST CIRCUIT 

LOCAL 
OSCILLATOR , 

UHF DIODE I~ 
NOISE SOURCE TUNED r-

H.P.349A MOUNT 

t 
NOISE IFAMPUFIER 

AGURE METER NF = 1.5dB I-
H.P.342A f=30MHz 

100 

<c .s ,..--
0- lD ifi 
a: a: 
:::J 
u 
CJ 

~ a: 1.0 
~ 
.!f 

0.1 
0.3 

11 

10 

9.0 

~ 8.0 

~ 7.0 
!2 
~ 6.0 
!!l 
~ 5.0 

~ 4.0 

3.0 

2.0 
1.0 

0.1 

\. 

FIGURE 2 - FORWARD VOLTAGE 

....-
rTA 85'C 

./ L ./ 

TA 40'C-

V / 

TA 25'C 

0.4 0.5 0.6 0.7 

VF, FORWARD VOLTAGE (VOLTSI 

FIGURE 4 - NOISE FIGURE 

~oJL ciS~IL~~6~ FREciuE~CY I = 11.0 ~H! 
(Test circuit Figure 51 

r--.. 
I'..... 

"'I'-

0.2 0.5 1.0 2.0 5.0 

PLQ, LOCAL OSCILLATOR POWER (mWI 

NOTES ON TESTING AND SPECIFICATIONS 

I---

0.8 

10 

Note 1 - Cc and CT are measured using a capacitance bridge 
(Boonton Electronics Model 75A or equivalentl. 

Note 2 - Noise figure measured with diode under test in tuned 
diode mount using UHF noise source and local oscil­
lator (LOI frequency of 1.0 GHz. The LO power is 
adjusted for 1.0 mW. IF amplifier NF = 1.5 dB, f = 30 
MHz, see Figure 5. 

Note 3 - LS is measured on a package having a short instead 
of a die, using an impedance bridge (Boonton Radio 
Model 250A RX Meter). 
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SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

· .. designed primarily for high-efficiency UHF and VHF detector applica­
tions. Readily adaptable to many other fast switching RF and digital applica­
tions. Supplied in an inexpensive plastic package for low-cost, high-volume 
consumer and industrial/commercial requirements. Also available in Surface 
Mount package. 

• The Schottky Barrier Construction Provides Ultra-Stable Characteristics By 
Eliminating the "Cat-Whisker" or "S-Bend" Contact 

• Extremely low Minority Carrier lifetime - 15 ps (Typ) 

• Very low Capacitance -1.5 pF (Max) @ VR = 15 V 

• low Reverse leakage -IR = 13 nAdc (Typ) MBD301, MMBD301 

MAXIMUM RATINGS (TJ = 125°C unless otherwise noted) 

MBD301 I MMBD301LT1 

Rating Symbol Valua Unit 

Reverse Voltage VR 30 Volts 

Forward Power Dissipation PF 

I @TA= 25°C 280 200 mW 
Derate above 25°C 2.8 2.0 mWrC 

Operating Junction TJ -55 to +125 
°c 

Temperature Range 

Storage Temperature Range Tsta -55 to +150 OC 

DEVICE MARKING 

I MMBD301LT1 = 4T 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(lR = 10 pAl 

Total Capacitance, Figure 1 CT 
(VR = 15 Volts, f = 1.0 MHz) 

Minority Carrier Lifetime, Figure 2 T 

(IF = 5.0 mA, Krakauer Method) 

Reverse Leakage, Figure 3 IR 
(VR = 25 V) 

Forward Voltage, Figure 4 VF 
(IF = 1.0 mAde) 

Forward Voltage, Figure 4 VF 
(IF = 10 mAde) 

MBD301* 
MMBD301LTl * 

CASE 182-02, STYLE 1 ! 
(TO-226AC) 1 2 . 

20 I" 01 
Cathode Anode 

CASE 318-07, STYLE 8 "3 
SOT -23 (TO-236AB) 1 u;tJI 

3 o .... --tl ...... -o 1 
Cathode Anode 

30 VOLTS 
SILICON HOT-CARRIER 

DETECTOR AND SWITCHING 
DIODES 

Min 

30 

-

-

-

-

-

*Thase are Motorola 
designated preferred devices. 

Typ Max 

- -
0.9 1.5 

15 -

13 200 

0.38 0.45 

0.52 0.6 

Unit 

Volts 

pF 

ps 

nAdc 

Vdc 

Vdc 

MMBD301LT1 is also available in bulk packaging. Use MMBD301L as the device title to order this device in bulk. 
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MBD301 MMBD301 LT1 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - TOTAL CAPACITANCE 

f~ 1.0M~'-

......... 

500 

1i 
;;; 400 

" E 
~ 300 

~ 
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>­.... 

'" o 
~ 10 0 
.: 
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FIGURE 2 - MINORITY CARRIER UFETlME 

KRAKAUER METHOO 

/ 
I 

/ 
-~ -~ ---

3.0 6.0 9.0 12 15 18 21 24 27 30 10 20 30 40 50 60 70 80 90 100 
VR. REVERSE VOLTAGE (VOLTS! 

IF. FORWARD CURRENT (rnA! 

FIGURE 3 - REVERSE LEAKAGE FIGURE 4 - FORWARD VOLTAGE 

0 100 

Or----- TA - 100"C ~ TA =IS5°C 
w: 

/7. 

750 C TA 40°C 
1 

/ I/J 

1 250 

TA 25°C 

0.00 1 O. 1 
6.0 12 18 24 30 0.2 0.4 0.6 O.S 1.0 

VR. REVERSE VOL TAGE (VOLTS! VF. FORWARD VOLTAGE (VOLTS) 

KRAKAUER METHOD OF MEASURING LIFETIME 
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SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

• .• designed primarily for high-efficiency UHF and VHF detector applica­
tions. Readily adaptable to many other fast switching RF and digital 
applications. Supplied in an inexpensive plastic package for low-cost, high­
volume consumer and industrial/commercial requirements. Also available in 
Surface Mount package. 

• The Schottky Barrier Construction Provides Ultra-Stable Characteristics by 
Eliminating the "Cat-Whisker" or "S-Bend" Contact 

• Extremely Low Minority Carrier Lifetime - 15 ps (Typ) 

• Very Low Capacitance - 1.0 pF @ VR = 20 V 

• High Reverse Voltage - to 70 Volts 

• Low Reverse Leakage - 200 nA (Max) 

MAXIMUM RATINGS (TJ = 125°C unless otherwise noted) 

MBD701i MMBD701LT1 

Rating Symbol Value Unit 

Reverse Voltage VR 70 Volts 

Forward Power Dissipation PF 

f 
@TA=25°C 280 200 mW 
Derate above 25'C 2.8 2.0 mWrc 

Operating Junction TJ -55 to +125 'c 
Temperature Range 

Storage Temperature Range Tstg -55 to +150 'c 

DEVICE MARKING 

I MMBD701LT1 = 5H 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(lR = 10 pAdc) 

Total Capacitance, Figure 1 CT 
(VR = 20 Volts, f = 1.0 MHz) 

Minority Carrier Lifetime, Figure 2 T 

(IF = 5.0 mA. Krakauer Method) 

Reverse Leakage, Figure 3 'R 
(VR = 35 V) 

Forward Voltage, Figure 4 VF 
(IF = 1.0 mAde) 

Forward Voltage, Figure 4 VF 
(IF = 10 mAde) 

MBD701* 
MMBD701LT1* 

CASE 182-02. STYLE 1 ! 
(TO-226AC) 

Cat~o~e 14 t!de 1 
2 

CASE 318-07. STYLE 8 "3 
SOT-23 (TO-236AB) 1 UJII 

2 
30 14 01 

Cathode Anode 

70 VOLTS 
HIGH-VOLTAGE 

SILICON HOT-CARRIER 
DETECTOR AND SWITCHING 

DIODES 

Min 

70 

-

-

-

-

-

*These are Motorola 
designated preferred devices. 

Typ Max 

- -

0.5 1.0 

15 -

9.0 200 

0.42 0.5 

0.7 1.0 

Unit 

Volts 

pF 

ps 

nAdc 

Vdc 

Vdc 

MMBD701 L T1 is also available in bulk packaging. Use MMBD701 L as the device title to order this device in bulk. 
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SURFACE MOUNT 
DIODE ARRAYS 

These diode arrays are multiple diode junctions fabricated by a planar pro­
cess and mounted in integrated circuit packages for use in high-current, 
fast-switching core-driver applications. These arrays offer many of the 
advantages of integrated circuits such as high-density packaging and 
improved reliability. These advantages result from such factors as fewer 
glass-to-metal seals. 

• Designed for Use in Computers and Peripheral Equipment 

• Applications Include: 
Magnetic Cores 
Thin-Film Memories 
Plated-Wire Memories 
Decoding or Encoding Applications 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Peak Reverse Voltage VRM 50 Vdc 

Steady·State Reverse Voltage VR 50 Vdc 

Peak Forward Current 25°C IFM 500 mA 

Continuous Forward Current IF 400 mA 

Power Dissipation Po 500 mW 
Derating Factor 4.0 mWfC 

Operating Temperature TA -65 to +125 °C 

Storage Temperature Range Tsto -65 to +150 °C 

SO-14 Pin Diagram 

1. MMAD130 4. 
Dual 10 JmHffi£ BDiode 
Diode Array 
Array (Common 

Anode) 

2. MMADll03 5. 
16 

:UHHH 
Dual 8 

Diode Diode 
Arrav Array 

NC Pin 4, 6, 10, 13 

3. MMADll05 6. 
8 Diode @111IIIll 7 Diode 
Array Array 
(Common (Independent) 
Cathode) 

NC Pin 1,4,6, 10, 13 

Device Description 

MMAD130 Dual 10 Diode Array 
MMAD1103 16 Diode Array 
MMADll05 8 Diode Array Common Cathode 
MMADll06 8 Diode Array Common Anode 
MMADll07 Dual 8 Diode Array 
MMAD1109 7 Diode Array 

MMAD130 
MMADll03 

thru 
MMADll07 

MMADll09* 
CASE 7S1A-03 

SO-14 

MONOLITHIC 
DIODE ARRAYS 

*MMAD130, MMAD1103, MMAD1107 
and MMAD1109 are Motorola 
designated preferred devices. 

MMAD1106 

@IIIIl111 
NC Pin 1,4,6, 10, 13 

MMADll07 

JHHOC 
NC Pin 6,13 

MMADll 09 

III1l!1 
Diagram 

1 
2 
3 
4 
5 
6 
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MMAD130 Series 

ELECTRICAL CHARACTERISTICS (@ 25"C Free-Air Temperature) 

Limit 

Characteristic Symbol Min Max Unit 

Reverse Breakdown Voltage (1) (lR = 10 ",A) V(BR) 50 - Vdc 

Static Reverse Current (VR = 40 V) IR - 0.1 ",A 

Static Forward Voltage (IF = 100 mAl VF - 1.2 Vdc 
(IF = 500 mAl (2) - 1.6 

Peak Forward Voltage (3) (IF = 500 rnA) VFM - 5.0 Vdc 

SWITCHING CHARACTERISTICS (@ 25"C Free-Air Temperature) 

Characteristic Symbol Typical Value Unit 

Forward Recovery Time (IF = 500 rnA) tfr 20 ns 

Reverse Recovery Time trr 8.0 ns 
(IF = 200 rnA. 'RM = 200 rnA. Rl'= 100 n, irr = 20 rnA) 

1. ThIs parameter must be measured using pulse techniques .. PW = 100 "'S, duty cycle.; 20%. 
2. This parameter is measured 'using pulse techniques. PW = 300 "'S, duty cycle.; 2.0%. Read time is 90 "'S from the leading edge of the 

pulse. 
3. The initial instantaneous value is measured using pulse techniques. PW = 150 ns, duty cycle.; 2.0%, pulse rise time.; 10 ns. The total 

capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 

FIGURE 1 - TYPICAL CHARACTERISTICS 
STATIC FORWARD VOLTAGE 

100 0 

0 

0 

10 

1 

TA +25°C == 

020406 08 10 12 14 16 18 

VF, FORWARD VOLTAGE IVOLTS) 
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MMAD130 Series 

TEST PROCEDURE FOR MULTIPLE DIODES 

1.0. REVERSE BIAS TESTING 

1.1. LEAKAGE 
Regardless of device configuration type, when testing any 

reverse bias condition, the forcing power supply must be 
applied only tothe uncommon terminal ofthe pair. As in Figure 
1, this would be pins 1 and 14. This can be referred as the high 
side of the test circuit. The low side of the test circuit must be 
connected to the common terminal of the pair which in most 
testers is where the current measurement is taken. This 
method is used to eliminate the possibility of degrading the 
diode in that pair which is not under test. Diode arrays with 
multiple pairs such as the MAD1103, also have leakage paths 
in the die between common terminals of the pairs. To isolate 
the device under test so that the leakage from the other pairs 
in the package do not affect the test result, the leakage current 
from the common terminals of the pairs not under test must be 
shunted to measurement common. Figure 1 shows the test 
configuration for both of these cases. 

FIGURE 1 

1.2. BREAKDOWN 
It is not recommended to test breakdown on these devices 

due to the possibility of degrading the device. Breakdown may 
be checked on a curve tracer but extreme caution should be 
used. 

2.0. FORWARD BIAS TESTING 
Diode arrays are designed with the pairs in parallel therefore 

care must be taken to prevent the other diodes in the array 
from affecting the measured value of the diode under test. 
Figure 2 illustrates the proper technique to measure only the 
correct value of the diode under test. 

FIGURE 2 

2.1. KELVIN CONNECTION 
To achieve the best possible accuracy when testing bias 

currents over 10 mA, Kelvin connection to the leads of the 
device under test is mandatory. True Kelvin connection 
dictates that two test connections are made directly to the 
leads of the device. One is for power which is the bias supply, 
and the other is for sense which is for the measurement circuit. 
Kelvin connections are used to eliminate the effects of the 
connection resistance between the lead of the device and the 
contacts of the test handler and/or hand fixture. Figure 3 is an 
example of Kelvin connection. 

FIGURE 3 

TEST 0-1,.--141---...1--0 TEST 
HI LO 

2.2. PULSE TESTING 
When testing bias currents over 1 0 mA, pulse testing should 

be used to minimize thermal drift of the measured value. The 
pulse width of a pulse test is approximately 300 I1s to 380 !1S. 

3.0. TESTING PROTOCOL 

3.1. TEST TYPES 
When testing in sequence all of the electrical characteris­

tics, all reverse bias conditions should be tested before the 
forward bias conditions are tested. 

3.2. BIASING MAGNITUDES 
Tests of the same test type should be grouped together with 

the bias conditions in ascending order. For example: 

VF @ 10 mA < 0.6 V 
VF @ 50 mA < 0.8 V 
VF @ 100 mA < 1 V 
VF @ 500 mA < 1.5 V 

Motorola Small-5ignal Transistors, FETs and Diodes Device Data 



SURFACE MOUNT 
ISOLATED 8·DIODE ARRAY 

This diode array is a mUltiple diode junction fabricated by a planar process 
and mounted in integrated circuit packages for use in high-current, fast­
switching core-driver applications. This array offers the advantages of an 
integrated circuit with high-density packaging and improved reliability. This 
advantage results from such factors as fewer connections, more uniform 
device parameters, smaller size, less weight and fewer glass-to-metal seals . 

• Designed for use in Computers and Peripheral Equipment 

• Applications Include: Magnetic Cores Plated-Wire Memories 
Thin-Film Memories Decoding or Encoding 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Peak Reverse Voltage VRM 50 Vdc 

Steady-State Reverse Voltage VR 50 Vdc 

Peak Forward Current 25°C IFM 500 rnA 

Continuous Forward Current IF 400 mA 

Power Dissipation PD 500 mW 
Derating Factor 4.0 mWfC 

Operating Temperature TA -65 to +125 °C 

Storage Temperature Range TS!9 -65 to + 150 °C 

ELECTRICAL CHARACTERISTICS (@ 25°C Free-Air Temperature) 

Characteristic 

Reverse Breakdown Voltage (1) 
(IR = 10pA) 

Static Reverse Current 
(VR = 40 V) 

Static Forward Voltage 
(IF = 100 mAl 
(IF = 500 mAl (2) 

Peak Forward Voltage (3) 
(IF = 500 rnA) 

.SWITCHING CHARACTERISTICS (@ 25°C Free-Air Temperature) 

Characteristic 

Forward Recovery Time 
(IF = 500 mAl 

Reverse Recovery Time 
(IF = 200 mA, IRM = 200 rnA, RL = 100 fl, irr = 20 mAl 

Symbol 

V(BR) 

IR 

VF 

VFM 

Symbol 

tfr 

trr 

1. This parameter must be measured using pulse techniques. PW = 100 p.s, duty cycle'" 20%. 

MMADll08* 
CASE 7518·05 

SO·16 

IIII!!!! 
Pin Connections Diagram 

MONOLITHIC 
DIODE ARRAY 

*This is a Motorola 
dasignatad prefarrad device. 

Limit 

Min Max 

50 -

- 0.1 

- 1.20 
- 1.60 

- 5.0 

Typical Value 

20 

8.0 

Unit 

Vdc 

pA 

Vdc 

Vdc 

Unit 

ns 

ns 

2. This parameter is measured using pulse techniques. PW = 300 p.s, duty cycle'" 2.0%. Read time is 90 p's from the leading edge of the 
pulse. 

3. The initial instantaneous value is measured using pulse techniques. PW = 150 ns, duty cycle", 2.0%, pulse rise time'" 10 ns. The total 
capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 

1000 

10 

1 

Rev! 

TA +25°C ~ 

o 2 04 0.6 0 8 1 0 1 2 1 4 1 6 1 8 

Vf. fORWARD VOLTAGE (VOLTS} 
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DUAL SILICON HOT-CARRIER DIODES 
(SCHOTTKY BARRIER DIODES) 

· .. designed primarily for UHF mixer applications. but suitable also for use 
in detector and ultra-fast switching circuits. 

• The Rugged Schottky Barrier Construction Provides Stable Characteristics 
by Eliminating the "Cat-Whisker" Contact 

• Very Low Capacitance - Less Than 1.0 pF @ Zero Volts 

• Low Forward Voltage - 0.5 Volts (Typ) @ IF = 10 mA 

MAXIMUM RATINGS lEACH DIODE) 

Rating 

Continuous Reverse Voltage 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' PD 225 mW 
TA = 25°C 
Derate above 25°C 1.8 mWrC 

Thermal Resistance Junction to Ambient ReJA 556 "C/W 

Total Device Dissipation PD 300 mW 
Alumina Substrate, ** T A = 25°C 
Derate above 25°C 2.4 mWrC 

Thermal Resistance Junction to Ambient ReJA 417 °CIW 

Junction and Storage Temperature TJ, Tsta -55 to +125 °C 

*FR·5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
I MMBD352LTl = M5G; MMBD353LTl = M4F; MMBD354LTl = M6H 

MMBD352LT1* 
CASE 318-07, STYLE 11 

SOT-23 (TO-236AB) 
Anode 

10 ~I ! Cathode 
~I 02 

3 
Cathode/Anode 

MMBD353LT1* 
CASE 318-07, STYLE 19 

SOT-23 (TO-236AB) 
Cathode Anode 

10 14 ! 14 02 

3 
Cathode/Anode 

MMBD354LT1* 
CASE 318-07, STYLE 9 

SOT-23 (TO-236AB) 

Anode 

30-1 
Cathode :: :: 

Anode 

DUAL HOT CARRIER 
MIXER DIODES 

*These are Motorola 
designated preferred devices. 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) (EACH DIODE) 

Characteristic I Symbol Min Max Unit 

OFF CHARA'cTERlsnCS 

Forward Voltage VF - 0.60 V 
(IF = 10mA) 

Reverse Voltage Leakage Current IR "A 
IVR = 3.0 V) - 0.25 
IVR = 7.0V) - 10 

Capacitance C - 1.0 pF 
IVR = 0 V, f = 1.0 MHz) 

MMBD352LT1, MMBD353LT1 and MMBD354LT1 are also avallable.n bulk packagong. Use MMBD352L, MMBD353L or MMBD354L as the 
device title when ordering these devices in bulk. 
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FIGURE 1 - FORWARD VOLTAGE 
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MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 70 

Forward Current IF 200 

Peak Forward Surge Current IFM(surael 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,' Po 225 
TA = 25°C 
Derate above 250C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Total Device Dissipation Po 300 
Alumina Substrate," TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, TstQ -55 to +150 

'FR-5 = 1.0 x 0.75 x 0.062 in. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBD914LT1 = 50 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(lR = 100 !LAde) 

Reverse Voltage Leakage Current 
(VR = 20 Vdc) 
(VR = 75 Vdc) 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Voltage 
(IF = 10 mAdc) 

Reverse Recovery Time 
(IF = IR = 10 mAdc) (Figure 1) 

Unit 

Vdc 

mAdc 

mAdc 

Unit 

mW 

mWrC 

°CIW 

mW 

mWrC 

°CIW 

°C 

MMBD914LTl* 
CASE 318-07, STYLE 8 

SOT -23 (TO-236AB) 

3 O>----4j .. _-O 1 
Cathode Anode 

HIGH-SPEED SWITCHING DIODE 

Symbol 

V(BR) 

IR 

CT 

VF 

trr 

* This is a Motorola 
designated preferred device. 

Min Max 

100 -

- 25 
- 5.0 

- 4.0 

- 1.0 

- 4.0 

Unit 

Vdc 

nAdc 
!LAdc 

pF 

Vdc 

ns 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

IF 
1_ 

1_ 

OUTPUT PULSE 
(IF = IR = 10 rnA; measured 

at iR(REC) = 1.0 rnA) 

Notes: 1. A 2.0 kn variable resistor adjusted for a Forward Current (IF) of lOrnA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 rnA. 
3. tp» trr 
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MMBD914LT1 

FIGURE 2 - FORWARD VOLTAGE FIGURE 3 - LEAKAGE CURRENT 
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MAXIMUM RATINGS (EACH DIODE) 

Rating Symbol Value Unit 

Reverse Voltage MMBD2836LTI VR 75 Vde 
MMBD2835LTl 35 

Forward Current IF 100 mAde 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' Po 225 mW 
TA = 25°C 
Derate above 25°C 1.8 mWrC 

Thermal Resistance Junction to Ambient RIIJA 556 0c/w 

Total Device Dissipation Po 300 mW 
Alumina Substrate," TA = 25°C 
Derate above 25°C 2.4 mWrC 

Thermal Resistance Junction to Ambient RIIJA 417 0c/w 

Junction and Storage Temperature TJ, Tstll -55to +150 °c 

'FR-5 = 1.0 x 0.75 x 0.062 In. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBD2835LTI = A3; MMBD2836LTl = A2 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) (EACH DIODE) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage VIBR) 
OR = 100 pAdc) MMBD2835LTI 

MMBD2836LTI 

Reverse Voltage Leakage Current IR 
(VR = 30 Vde) MMBD2835LTI 
IVR = 50 Vdc) MMBD2836LTl 

Diode Capacitance CT 
IVR = 0, f = 1.0 MHz) 

Forward Voltage VF 
(IF = 10 mAde) 
(IF = 50 mAde) 
(IF = 100 mAde) 

Reverse Recovery Time trr 
(IF = IR = 10 mAde, iRIREC) = 1.0 mAde) IFigurjl 1) 

MMBD2835LTI 
MMBD2836LTI 
CASE 318-07, STYLE 12 

SOT-23 (TO-236AB) 

Cathode 

MONOLITHIC DUAL 
SWITCHING DIODES 

Min Max 

35 -
75 -

Unit 

Vde 

nAde 
- 100 
- 100 

- 4.0 pF 

Vde 
- 1.0 
- 1.0 
- 1.2 

- 4.0 ns 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL OUTPUT PULSE 
(IF = IR = lOrnA; measured 

al iR(REC) = 1.0 rnA) 

Notes: 1. A 2.0 kO variable resislor adjusled for a Forward Currenl (IF) of 10 rnA. 
2. Inpul pulse is adjusled so IR(peak) is equal 10 10 rnA. 
3. Ip olrr 
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MMBD2835LT1 MMBD2836LT1 
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Curves Applicable to each Cathode 

RGURE 2 - FORWARD VOLTAGE RGURE 3 - LEAKAGE CURRENT 
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MAXIMUM RATINGS (EACH DIODE) 

Rating Symbol Value Unit 

Peak Reverse Voltage VRM 75 Vde 

D.C. Reverse Voltage MMBD2837LTl VR 30 Vdc 
MMBD2838LT1 50 

Peak Forward Current IFM 450 mAde 
300 

Average Rectified Current 10 150 mAde 
100 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board," PD 225 mW 
TA = 25"C 
Derate above 25"C 1.8 mWrC 

Thermal Resistance Junction to Ambient R8JA 556 "CIW 
Total Device Dissipation PD 300 mW 

Alumina Substrate,"" TA = 25"C 
Derate above 25"C 2.4 mWrC 

Thermal Resistance Junction to Ambient R8JA 417 "CIW 

Junction and Storage Temperature TJ, Tsta -55 to +150 "C 

"FR-5 = 1.0 x 0.75 x 0.062 In. 

""Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBD2837L T1 = AS; MMBD2838L T1 = MA6 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) (EACH DIODE) 

MMBD2837LTl 
MMBD2838LTl 
CASE 318-07, STYLE 9 

SOT-23 (TO-236AB) 

Anode 

30-1 
Cathode :: :: 

Anode 

MONOLITHIC DUAL 
SWITCHING DIODES 

Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BR) 
(I(BR) = 100 !lAde) MMBD2837LT1 

MMBD2838LTl 

Reverse Voltage Leakage Current IR 
(VR = 30 Vdc) MMBD2837LT1 
(VR = 50 Vde) MMBD2838LT1 

Diode Capacitance Cr 
(VR = 0, f = 1.0 MHz) 

Forward Voltage VF 
(IF = 10 mAde) 
(IF = 50 mAde) 
(IF = 100 mAde) 

Reverse Recovery Time trr 
(IF = IR = 10 mAde, iR(REC) = 1.0 mAde) (Figure 1) 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

IF 
t_ 

Vdc 
35 -
75 -

!lAde 
- 0.1 
- 0.1 

- 4.0 pF 

Vde 
- 1.0 
- 1.0 
- 1.2 

- 4.0 ns 

OUTPUT PULSE 

(IF = IR = 10 rnA; measured 
at iR(REC) = 1.0 rnA) 

Notes: 1. A 2.0 k!l variable resistor adjusted for a Forward Current (IF) of lOrnA. 

Rev! 

2. Input pulse is adjusted so IR(peak) Is equal to lOrnA. 
3. tp» trr 
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MMBD2837LT1 MMBD2838LT1 
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MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 70 

Forward Current IF 200 

Peak Forward Surge Current IFM(surge) 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,' Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Total Device Dissipation Po 300 
Alumina Substrate,.' T A = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, Tsta -55to +150 

·FR-5 = 1.0 x 0.75 x 0.062 In. 

"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBD6050LTl = 5AM 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(ltBR) = laO pAdc) 

Reverse Voltage Leakage Current 
(VR = 50 Vde) 

Forward Voltage 
(IF = 1.0 mAde) 
(IF = lOa mAde) 

Reverse Recovery Time 
(IF = IR = 10 mAde, iR(REC) = 1.0 mAde) (Figure 1) 

Capacitance 
(VR = 0) 

Unit 

Vdc 

mAde 

mAde 

Unit 

mW 

mWrC 

'CIW 

mW 

mWrC 

'CIW 

'c 

Symbol 

V(BR) 

IR 

VF 

trr 

C 

MMBD60S0LTl 

CASE 318-07, STYLE 8 
SOT-23 (TO-236AB) 

3 0--+14.-........ 0 1 
Cathode Anode 

SWITCHING DIODE 

Min Max 

70 -

- 0.1 

0.55 0.7 
0.85 1.1 

- 4.0 

- 2.5 

Unit 

Vdc 

pAdc 

Vdc 

ns 

pF 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 rnA; measured 

al iR(REC) = 1.0 rnA) 

Notes: 1. A 2.0 kO variable resistor adjusted for a Forward Current (IF) of lOrnA. 
2. Inpul pulse is adjustad so IR(peak) is equal 10 10 rnA. 
3. Ip» Irr 
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MMBD805OLT1 
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MAXIMUM RATINGS lEACH DIODE) 

Rating Symbol Value Unit 

Reverse Voltage VR 70 Vde 

Forward Current IF 200 mAde 

Peak Forward Surge Current IFMlsurllel 500 mAde 

THERMAL CHARACTERISTICS 

Characterlatic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' Po 225 mW 
TA = 25°C 
Derate above 25°C 1.8 mWrC 

Thermal Resistance Junction to Ambient R/IJA 556 °CIW 

Total Device Dissipation Po 300 mW 
Alumina Substrate," TA = 25°C 
Derate above 25°C 2.4 mWrC 

Thermal Resistance Junction to Ambient R/IJA 417 °CIW 

Junction and Storage Temperature TJ, Tsta -55 to +150 °C 

'FR-5 = 1.0 x 0.75 x 0.062 in. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBD6100LT1 = 5BM 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) lEACH DIODE) 

I Characteristic I Symbol 

Off CHARACTERISTICS 

Reverse Breakdown Voltage V(BR) 
(I(BR) = 100 ~de) 

Reverse Voltage Leakage Current IR 
(VR = 50 Vde) 

Forward Voltage VF 
(IF = 1.0 mAde) 
(IF = 100 mAde) 

Reverse Recovery Time trr 
(IF = IR = 10 mAde, iR(RECI = 1.0 mAde) (Figure 1) 

Capacitance C 
(VR = 0) 

MMBD6100LTl 
CASE 318·07, STYLE 9 

SOT·23 (TO·236AB) 

Anode 

30-1 
Cathode :: :: 

Anode 

MONOLITHIC DUAL 
SWITCHING DIODE 

Min Max 

70 -

- 0.1 

0.55 0.7 
0.85 1.1 

- 4.0 

- 2.5 

Unit 

Vde 

/LAde 

Vde 

ns 

pF 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL OUTPUT PULSE 

(IF = IR = 10 rnA; measured 
at iR(REC) = 1.0 rnA) 

Notes: 1. A 2.0 Idl variable resistor adjusted for a Forward Current (IF) of 10 rnA. 
2. Input pulse Is adjusted so IR(peak) is equal to 10 rnA. 
3. tp» trr 
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MAXIMUM RATINGS (EACH DIODE) 

Rating Symbol Value Unit 

Reverse Voltage VR 100 Vde 

Forward Current IF 200 mAde 

Peak Forward Surge Current IFM(surge) 500 mAde 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' Po 225 mW 
TA = 2S·C 
Derate above 2S·C 1.8 mWrC 

Thermal Resistance Junction to Ambient R8JA 556 ·CIW 

Total Device Dissipation Po 300 mW 
Alumina Substrate," TA = 2S·C 
Derate above 2S·C 2.4 mWrC 

Thermal Resistance Junction to Ambient R8JA 417 ·CIW 

Junction and Storage Temperature TJ, Tsto -SSto +150 ·C 

'FR-S = 1.0 x 0.75 x 0.062 In. 

"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBD7000LTl = MSC 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted.) (EACH DIODE) 

MMBD7000LTl * 
CASE 318·07, STYLE 11 

SOT·23 (TO·236ABI 

Anode 
10 ~I ! 

3 

Cathode 
~I 02 

Cathode/Anode 

DUAL 
SWITCHING DIODE 

*This is a Motorola 
designated preferred device. 

Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BR) 
(lIBR) = 100 pAdc) 

Reverse Voltage Leakage Current 
(VR = 50 Vdc) IR 
(VR = 100 Vdc) IR2 
(VR = 50 Vdc, 12S·C) IR3 

Forward Voltage VF 
(IF = 1.0 mAdc) 
(IF = 10 mAdc) 
(IF = 100 mAdc) 

Reverse Recovery Ti me trr 
(IF = IR = 10 mAdc) (Figure 1) 

Capacitance C 
(VR = 0) 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

100 - Vdc 

pAdc 
- 1.0 
- 3.0 

- 100 

Vdc 
0.55 0.7 
0.67 0.82 
0.75 1.1 

- 4.0 ns 

- 1.5 pF 

OUTPUT PULSE 
(IF = IR = 10 mA; measured 

at iR(REC) = 1.0 rnA) 

Notes: 1. A 2.0 k!l variable resistor adjusled for a Forward Currenl (IF) of lOrnA. 
2. Inpul pulse is adjusted so IR(peak) is equal 10 lOrnA. 
3. Ip» Irr 
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SILICON EPICAP DIODE 

.•• designed in the Surface Mount package for general frequency control 
and tuning applications; providing solid-state reliability in replacement of 
mechanical tuning methods. 

• Controlled and Uniform Tuning Ratio 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

Forward Current IF 200 mA 

Device Dissipation @ T A = 25"C PD 200 mW 
Derate above 25"C 2.0 mWf'C 

Junction Temperature TJ +125 "C 

Storage Temperature Range Tstc. -55 to +150 "C 

DEVICE MARKING 

MMBV105GLTl = M4E 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted) 

Characteristic 

Reverse Breakdown Voltage 
(lR = 10 !LAdc) 

Reverse Voltage Leakage Current 
(VR = 28 V) 

Cy Q 

Device VR = 25 Vdc, f = 1.0 MHz f= 50 MHz 
Type pF VR = 3.0 V 

Min J Max Typ 

MMBV105GLTl 1.5 I 2.8 250 

MMBVIOSGLTI * 

Symbol 

V(BR)R 

IR 

CASE 318-07, STYLE 8 
SOT-23 (TO-236AB) 

3 o---j!+------o I 
Cathode Anode 

30 VOLT 
VOLTAGE VARIABLE 
CAPACITANCE DIODE 

* This is a Motorola 
designated preferred device. 

Min Max 

30 -

- 50 

CR 
f = 1.0 MHz 

C3/CzS 

Min I Max 

4.0 I 6.5 

Unit 

Vdc 

nAdc 

MMBV105GLT1 is also available in bulk packaging. Use MMBV105GL as the device title to order this device in bulk. 
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SILICON EPICAP DIODES 

· .• designed for general frequency control and tuning applications; provid­
ing solid-state reliability in replacement of mechanical tuning methods. 

• High Q with Guaranteed Minimum Values at VHF Frequencies 

• Controlled and Uniform Tuning Ratio 

• Available in Surface Mount Package 

MAXIMUM RATINGS 

MV209 I MMBV109LT1 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

Forward Current IF 200 rnA 

Forward Power Dissipation Po 

I 
@TA= 25'C 280 200 mW 
Derate above 25'C 2.8 2.0 mWI'C 

Junction Temperature TJ +125 'c 
Storage Temperature Range Tsta -55 to +150 'c 

DEVICE MARKING 

MMBV109LTl = M4A 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(lR = 10~dc) 

Reverse Voltage Leakage Current IR 
(VR = 25 Vdc) 

Diode Capacitance Temperature Coefficient TCC 
(VR = 3.0 Vdc, f = 1.0 MHz) 

MMBV109LT1* 
MV209* 

CASE 318-07, STYLE 8 
SOT-23 (TO-236ABI 

3 0----1 j+----o 1 
Cathode Anode 

CASE 182-02, STYLE 1 
(TO-226ACI 

2 0----1 t+---o 1 
Cathode Anode 

Min 

30 

26-32 pF 
VOLTAGE VARIABLE 

CAPACITANCE DIODES 

* These are Motorola 
designated preferred devices. 

Typ Max 

- -
Unit 

Vdc 

- - 0.1 ~dc 

- 300 - ppml'C 

Ct, Diode Capacitance 
Q, Figure of Merit CR, Capacitance Ratio 

VR = 3.0Vdc ~/C25 VR = 3.0 Vdc, f = 1.0 MHz f=50MHz f = 1.0 MHz 
pF (Note 1) 

I Device Min I Nom I Max Min Min I Max 

I MMBV109LT1, MV209 26 I 29 I 32 200 5.0 I 6.5 

(1) CR is the ratio of Ct measured at 3 Vdc divided by Ct measured at 25 Vdc. 

MMBV109LTl is also available in bulk packaging. Use MMBV109L as the device title to order this device in bulk. 

FIGURE 1 - DIODE CAPACITANCE 
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SILICON EPICAP DIODES 

• •• designed for general frequency control and tuning applications; 
providing solid-state reliability in replacement of mechanical tuning 
methods. 

• High Q with Guaranteed Minimum Values at VHF Frequencies 
• Controlled and Uniform Tuning Ratio 
• Available in Surface Mount Package 

MAXIMUM RATINGS 

MV409 I MMBV409LT1 

Rating Symbol Value 

Reverse Voltage VR 20 

Forward Current IF 200 

Forward Power Dissipation Po 

I 
@TA= 25'C 280 200 
Derate above 25'C 2.8 2.0 

Junction Temperature TJ +125 

Storage Temperature Range TstA -55 to +150 

DEVICE MARKING 

I MMBV409LT1 = X5 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted) 

Characteristic - All Types 

Reverse Breakdown Voltage 
(lR = 10 pAdc) 

Reverse Voltage Leakage Current 
IVR = 15 Vdc) 

Diode Capacitance Temperature Coefficient 
IVR = 3 Vdc, f = 1 MHz) 

Unit 

Volts 

mA 

mW 
mWI'C 

'C 

'C 

Symbol 

VIBR)R 

IR 

TCC 

Ct. Diode Capacitance 
VR = 3Vdc,f = 1 MHz 

pF 

I Device Min I Nom I Max 

I MMBV409LT1, MV409 26 I 29 I 32 

NOTES ON TESTING AND SPECIFICATIONS 
(1) CR is the ratio of Ct meesured at 3 Vdc divided by Ct measured at 8 Vdc. 

MMBV409LT1* 
MV409* 

CASE 318-07, STYLE 8 
SOT-23 (TO-236AB) 

3 o----j I+---<> , 
Cathode Anode 

CASE 182-02, STYLE 1 
TO-92 (TO-226AC) 

2 o----j I+---<> ' 
Cathode Anode 

Min 

20 

-

VOLTAGE VARIABLE 
CAPACITANCE DIODES 

*These are Motorola 
designated preferred devices. 

Typ Max 

- -

- 0.1 

Unit 

Vdc 

pAdc 

- 300 - ppml'C 

a. Figure of Merit CR, Capacitance Ratio 
VR = 3Vdc Catea 
f=50MHz f = 1 MHz 

(Note 11 

Min Min I Max 

200 1.5 I 1.9 

MMBV409LT1 is also available in bulk packaging. Use MMBV409L as the device title to order this device in bulk. 
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SILICON EPICAP DIODE 

· .. designed for FM tuning, general frequency control and tuning, or any 
top-of-the-line application requiring back-to-back diode configuration for 
minimum signal distortion and detuning. This device is supplied in the 
SOT-23 plastic package for high volume, pick and place assembly 
requirements. 

• High Figure of Merit - a = 150 (Typ) @ VR = 2.0 Vdc, f = 100 MHz 

• Guaranteed Capacitance Range 

• Dual Diodes - Save Space and Reduce Cost 

• Surface Mount Package 

• Available in 8 mm Tape and Reel 

• Monolithic Chip Provides Improved Matching - Guaranteed ± 1.0% (Max) 
Over Specified Tuning Range 

MAXIMUM RATINGS (Each Diode) 

Rating Symbol Value Unit 

Reverse Voltage VR 14 Volts 

Forward Current IF 200 mA 

Total Power Dissipation @ T A = 25'C Po 350 mW 
Derate above 25'C 2.8 mWI"C 

Junction Temperature TJ +125 'C 

Storage Temperature Range Tstg -55to+125 'C 

DEVICE MARKING 

I MMBV432LT1 = M4B 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) (EACH DIODE) 

Characteristic Svmbol 

Reverse Breakdown Voltage V(BR)R 
fiR = 10 !LAde) 

Reverse Voltage Leakage Current IR 
(VR = 9.0 Vdc) 

Diode Capacitance CT 
(VR = 2.0 Vdc, 1= 1.0 MHz) 

Capacitance Ratio C2/CS CR 
(I = 1.0 MHz) 

Figure 01 Merit Q 

(VR= 2.0 Vdc, 1= 100 MHz) 

Min 

14 

-

43 

1.5 

100 

MMBV432LTl* 
CASE 318-07, STYLE 9 

SOT-23 (TO-236AB) 

DUAL 
VOLTAGE-VARIABLE 

CAPACITANCE DIODE 

*This is a Motorola 
designated preferred device. 

TVp Max 

- -

- 100 

- 48.1 

- 2.0 

150 -

Unit 

Vdc 

nAdc 

pF 

-
-

MMBV432LTl is also available in bulk packaging. Use MMBV432L as the device title to order this device in bulk. 
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MMBV432LT1 
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SIUCON EPICAP DIODE 

· •• designed for FM tuning, general frequency control and tuning, or any 
top-of-the-line application requiring back-to-back diode configuration for 
minimum signal distortion and detuning. This device is supplied in the 
SOT-23 plastic package for high volume, pick and place assembly 
requirements. 

• High Figure of Merit - Q = 450 (Typ) @ VR = 3.0 Vdc, f = 50 MHz 
• Guaranteed Capacitance Range 
• Dual Diodes - Save Space and Reduce Cost 
• Surface Mount Package 
• Available in 8 mm Tape and Reel 
• Monolithic Chip Provides Improved Matching 
• Hyper Abrupt Junction Process Provides High Tuning Ratio 

MAXIMUM RAnNGS (Each Diode) 

Rating Symbol Value Unit 

Reverse Voltage VR 20 Volts 

Forward Current IF 100 mA 

Total Power Dissipation @ TA = 25°C Po 225 mW 
Derate above 25°C 1.8 mwrc 

Junction Temperature TJ +125 'c 

Storage Temperature Range Tstg -55 to +125 'c 

DEVICE MARKING 

I MMBV609LT1 = 5L 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) (EACH DIODE) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(lR = 10 i'Adc) 

Reverse Voltage Leakage Current IR 
(VR = 15Vdc) 

Diode Capacitance CT 
(VR = 3.0 Vdc, f = 1.0 MHz) 

Capacitance Ratio C3/CS CR 
(f = 1.0 MHz) 

Figure of Merit a 
(VR = 3.0 Vdc, f = 50 MHz) 

Min 

20 

-

26 

1.8 

250 

MMBV609LTl * 
CASE 318-07, STYLE 9 

SOT-23 (TO-236AB) 

DUAL 
VOLTAGE-VARIABLE 

CAPACITANCE DIODE 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- 10 

- 32 

- 2.4 

450 -

Unit 

Vdc 

nAdc 

pF 

-

-

MMBV609LT1 IS also available in bulk packaging. Use MMBV609L as the device title to order this device in bulk. 
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SILICON EPICAP DIODE 

· .. designed for 900 MHz frequency control and tuning applications; 
providing solid-state reliability in replacement of mechanical tuning 
methods. 

• Controlled and Uniform Tuning Ratio 
• Available in Surface Mount Package 
• Available in 8 mm Tape and Reel 

MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 20 

Forward Current IF 20 

Forward Power Dissipation @ T A = 25"C PD 225* 

Unit 

Volts 

mA 

mW 
Derate above 25"C 1.S mWf'C 

Junction Temperature TJ +125 "C 

Storage Temperature Range Tstg -55 to +125 "C 

*FR5 Board 1.0 x 0.75 x 0.62 in. 

DEVICE MARKING 

I MMBVS09LTI = 5K 

ELECTRICAL CHARACTERISTICS (T A = 25"C unless otherwise noted) 

Characteristic - All Types Symbol 

Reverse Breakdown Voltage V(BR)R 
(IR = 10 )LAde) 

Reverse Voltage Leakage Current IR 
(VR = 15 Vde) 

Ct. Diode Capacitance 
VR = 2.0 Vdc. f = 1.0 MHz 

pF 

Device Min I Typ I Max 

MMBVS09LTl 4.5 I 5.3 I 6.1 

(1) CR is the ratio of Ct measured at 2.0 Vdc divided by Ct measured at 8.0 Vdc. 

MMBV809LTl * 

Min 

20 

-

CASE 318-07, STYLE 8 
SOT-23 (TO-236AB) 

1 O---I~~f----o 3 

ANODE CATHODE 

VOLTAGE VARIABLE 
CAPACITANCE DIODE 

4.5-6.1 pF 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- 50 

Unit 

Vde 

nAde 

CR. Capacitance Ratio 
Q. Figure of Merit C2/CS 

VR = 3.0Vdc f = 1.0 MHz 
f = 500 MHz (Note 1) 

Typ Min I Max 

75 1.S I 2.6 

MMBV809lT1 is also available in bulk packaging. Use MMBV809L as the device title to order this device in bulk. 
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...... 
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r- -
3 4 5 810 15 

YR. REVERSE VOLTAGE (VOLTS) 

Figure 1. Dioda Capacitance 
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SILICON EPICAP DIODES 

· .. designed in the popular PLASTIC PACKAGE for high volume require­
ments of FM Radio and TV tuning and AFC. general frequency control and 
tuning applications; providing solid-state reliability in replacement of 
mechanical tuning methods. 

Also available in Surface Mount Package up to 33 pF. 

• High Q 
• Controlled and Uniform Tuning Ratio 

• Standard Capacitance Tolerance - 10% 

• Complete Typical Design Curves 

MAXIMUM RATINGS 

MV21 XX I MMBV21XXLTl 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

Forward Current IF 200 mA 

Forward Power Dissipation Po 

I 
@TA= 25°C 280 200 mW 
Derate above 25°C 2.8 2.0 mWrC 

Junction Temperature TJ +125 °c 

Storage Temperature Range Tstg -55 to +150 °c 

DEVICE MARKING 

MMBV2101LTl = M4G MMBV2105LTl = 4U MMBV2109LT1 = 4J 
MMBV2103LT1 = 4H MMBV2107LTl = 4W 
MMBV2104LT1 = 4Z MMBV2108LT1 = 4X 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(lR = 10 !LAdc) 

Reverse Voltage Leakage Current IR 
(VR = 25 Vdc. T A = 25°C) 

Diode Capacitance Temperature Coefficient TCC 
(VR = 4.0 Vdc. f = 1.0 MHz) 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MMBV2101LTI 
MMBV2103LTI thru 

MMBV210SLTI 
MMBV2107LTI thru 

MMBV2109LTl* 
MV2101 

MV2103 thru MV210S 
MV2107thmMV2109 

MV2111 
MV2113 thru MV2115* 

CASE 318-07, STYLE 8 .3 
SOT-23 (TO-236AB) 17 

2 
3 o---j I+----<> 1 

Cathode Anode 

CASE 182-02, STYLE 1 ~ 
(TO-226AC) 

1 
2 o---j I+----<> 1 

Cathode Anode 2 

6.8-100 pF 
30 VOLTS 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

*MMBV2101LT1. MMBV2105LT1. 
MMBV2109LT1. MV2101. MV2104. 

MV210B. MV2109. MV2111. MV2113 

Min 

30 

-

-

and MV2115 are Motorola 
designated preferred devices. 

Typ Max 

- -

- 0.1 

280 -

Unit 

Vdc 

p,Adc 

ppmrC 
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MMBV2101LT1 MMBV2103LT1 thru MMBV2105LT1 MMBV2107LT1 thru MMBV2109LT1 
MV2101 MV2103 thru MV2105 MV21 07 thru MV2109 MV2111 MV2113 thru MV2115 

CT, Diode Capacitance a, Figure of Merit TR, Tuning Ratio 
VR '" 4.0 Vdc, f '" 1.0 MHz VR '" 4.0Vdc, CzlCao 

pF f"'50MHz f '" 1.0 MHz 

Device Min Nom Max Typ Min Typ Max 

MMBV2101LT1/MV2101 6.1 6.8 7.5 450 2.5 2.7 3.2 
MMBV2103LT1/MV2103 9.0 10 11 400 2.5 2.9 3.2 
MMBV2104LT1/MV2104 10.8 12 13.2 400 2.5 2.9 3.2 
MMBV2105LT1/MV2105 13.5 15 16.5 400 2.5 2.9 3.2 

MMBV2107LT1/MV2107 19.8 22 24.2 350 2.5 2.9 3.2 
MMBV2108LT1/MV2108 24.3 27 29.7 300 2.5 3.0 3.2 
MMBV2109LT1/MV2109 29.7 33 36.3 200 2.5 3.0 3.2 

MV2111 42.3 47 51.7 150 2.5 3.0 3.2 
MV2113 61.2 68 74.8 150 2.6 3.0 3.3 
MV2114 73.8 82 90.2 100 2.6 3.0 3.3 
MV2115 90 100 110 100 2.6 3.0 3.3 

MMBV2101LT1, MMBV2103LTl thru MMBV2105LTl and MMBV2107LTl thru MMBV2109LT1 are also available in bulk. Use the device title 
and drop the "Tl" suffix when ordering any of these devices in bulk. 

PARAMETER TEST METHODS 

1. CT, DIODE CAPACITANCE 
(CT = Cc + CJ), CTis measured at 1.0 MHz using a 
capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

2. TR, TUNING RATIO 
TR is the ratio of CT measured at 2.0 Vdc divided by 
CT measured at 30 Vdc. 

3. Q, FIGURE OF MERIT 
Q is calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and sub­
stituting in the following equations: 

Q = 2.".fC 
G 

(Boonton Electronics Model 33AS8). Use Lead Length 
= 1/16". 

5-96 

4. TCe. DIODE CAPACITANCE TEMPERATURE 
COEFFICIENT 
TCC is guaranteed by comparing CT at VR = 4.0 Vdc, 
f = 1.0 MHz, TA = -65°C with CT at VR = 4.0 Vdc, f 
= 1.0 MHz, TA = +85°C in the following equation 
which defines TCC: 

TC = CT( + a5°C) - CT( - 65°C) 106 
C 85 + 65 • CR(25°C) 

Accuracy limited by measurement of CT to ± 0.1 pF. 
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MMBY2101LT1 MMBY2103LT1 thru MMBY2105LT1 MMBY2107LT1 thru MMBY2109LT1 
MY2101 MY21 03 thru MY2105 MY21 07 thru MY2109 MY2111 MY2113 thru MY2115 

..: 300 MV2115 

.!! 
w 
'" z .. .... 
U 
f .. 
'" w 
Q .. 
Q 

Ii 

100 == MMBV2109LT111MV2109 

50 = MMBV2105LT11MV2105 

20 - MMBV2101LT1IMVll01 

10 

5.0 

2.0 

1.0 
0.1 

TYPICAL DEVICE PERFORMANCE 

FIGURE 1 - DIODE CAPACITANCE versus REVERSE VOLTAGE 
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FIGURE 3 - REVERSE CURRENT versus REVERSE 
BIAS VOLTAGE 
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SILICON EPICAP DIODE 

· .. designed in the Surface Mount package for general frequency control 
and tuning applications; providing solid-state reliability in replacement of 
mechanical tuning methods. 

• High Q with Guaranteed Minimum Values at VHF Frequencies 
• Controlled and Uniform Tuning Ratio 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Vdc 

Forward Current IF 200 mAde 

Device Dissipation @ T A = 25°C Po 200 mW 
Derate above 25°C 2.0 mWrC 

Junction Temperature TJ +125 °c 

Storage Temperature Range Tstll -55 to + 150 °c 

DEVICE MARKING 

MMBV3102LT1 = M4C 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(lR = 10/LAdc) 

Reverse Voltage Leakage Current IR 
(VR = 25 Vdc, TA = 25°C) 

Diode Capacitance Temperature Coefficient TCC 
(VR = 4.0 Vdc, f = 1.0 MHz) 

Min 

30 

-

-

MMBV3102LTI 
CASE 318-07, STYLE 8 

SOT-23 (TO-236AB) 

3 O----\!+---O 1 
Cathode Anode 

22 pF (Nominal) 
30 VOLTS 

VOLTAGE VARIABLE 
CAPACITANCE DIODE 

Typ Max 

- -

- 0.1 

300 -

Unit 

Vdc 

ILAdc 

ppmrC 

CT, Diode Capacitance a, Figure of Merit CR, Capacitance Ratio 
VR = 3.0 Vdc, f = 1.0 MHz VR = 3.0Vdc, 

pF f=50MHz 

Device Min I Nom I Max Min Min 

MMBV3102LT1 20 I 22 I 25 200 4.5 

MMBV3102LTI is also available in bulk packaging. Use MMBV3102L as the device title to order this device in bulk. 
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RGURE 3 - LEAKAGE CURRENT 

./ 

VR-20Vdc / 

./ 

./ 

-20 +20 +60 +100 +140 

TA. AMBIENTTEMPERATURE (DC) 

NOTES ON TESTING AND SPECIFICATIONS 

1. CR is the ratio of Cr measured at 3.0 Vdc dividad by CT measured at 
25 Vdc. 
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SILICON PIN DIODE 

• •• designed primarily for VHF band switching applications but also suitable 
for use in general-purpose switching circuits. Supplied in a Surface Mount 
package. 

MMBV3401LT1* 

• Rugged PIN Structure Coupled with Wirebond Construction for Optimum 
Reliability 

• Low Capacitance - 0.7 pF Typ at VR = 20 V 

• Very Low Series Resistance at 100 MHz - 0.34 Ohms (Typ) 
@ IF = 10 mAdc 

MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 20 

Forward Power Dissipation @ T A = 25·C PF 200 
Derate above 25·C 2.0 

Junction Temperature TJ +125 

Storage Temperature Range Tstll -55 to +150 

DEVICE MARKING 

I MMBV3401LTl = 40 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted) 

Characteristic 

Reverse Breakdown Voltage 
(lR = 10"A) 

Diode Capacitance 
(VR = 20 V) 

Series Resistance (Figure 5) 
(IF = 10 mAl f = 100 MHz 

Reverse Leakage Current 
(VR = 25 V) 

Unit 

Vdc 

mW 
mWrC 

·C 

·C 

Symbol 

V(BR)R 

CT 

RS 

IR 

Min 

35 

-

-

-

CASE 318-07, STYLE 8 
SOT-23 (TO-236AB) 

3 0---; I+--=> 1 
Cathode Anode 

SILICON PIN 
SWITCHING DIODE 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- 1.0 

- 0.7 

- 0.1 

MMBV3401LTl is also available in bulk packaging. Use MMBV3401L as the device title to order this device in bulk. 
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FIGURE 5 - FORWARD SERIES RESISTANCE TEST METHOD 

10pF SOOn 

Hi o------jf-( --... !--..... VV\..----oO+ 

I A ~ 0 U T Power Supply Boonton 
Model 33A or B 

Lo 0 LC~"~'M"~-All measurements@100MHz short as possible. 

To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500<>hm resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 

1. The RF Admittance Bridge (Boonton 33A or BI must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF, as re­
quired when using the 100 MHz test coil. 

Motorola Small-8ignal Transistors, FETs and Diodes Device Data 

2. Use a short length of wire to short the test circuit from 
point "A" to "B". Then connect the power supply pro­
viding 10 rnA of bias current to the test circuit. 

3. Adj ust the capacitance scale arm of the bridge and the "G" 
zero control for a minimum null on the "null meter". 
The null occurs at approximately 130 pF. 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mAo 

5. Obtain a minimum null on the "null meter", with the 
capacitance and conductance scale adjustment arms. 

6. Read conductance (GI direct from the scale. Now read 
the capacitance value from the scale ( ... 130 pFI and sub­
tract 120 pF which yields capacitance (CI. The forward 
resistance (RS) can now be calculated from: 

Where: 

2.533G 
RS=--­

C2 

G - in micromhos, 
C-inpF, 

RS - in ohms 
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HIGH VOLTAGE SILICON PIN DIODES 

• .. designed primarily for VHF band switching applications but also suitable 
for use in general-purpose switching circuits. Supplied in a cost effective 
plastic package for economical, high-vOlume consumer and industrial 
requirements. Also available in surface mount. 

• Long Reverse Recovery Time 
trr = 300 ns (Typ) 

• Rugged PIN Structure Coupled with Wirebond Construction for Optimum 
Reliability 

• Low Series Resistance @ 100 MHz-
RS = 0.7 Ohms (Typ) @ IF = 10 mAdc 

MMBV3700LTl 
MPN3700 

CASE 318-07, STYLE 8 
SOT-23 (TO-236AB) 

3o--j~1 
Cathode Anode 

• Reverse Breakdown Voltage = 200 V (Min) 

MAXIMUM RATINGS 

MPN3700 J MMBV3700LT1 

Rating Symbol Value Unit 

CASE 182-02, STYLE 1 I' 
ITO-226AC) 

1 
2o--j~1 

Cathode Anode 2 
Reverse Voltage VR 200 Volts 

Total Power Dissipation Po 
@TA = 250C 280 
Derate above 25°C 2.8 I 200 

2.0 
mW 

mWrC 

SILICON PIN 
SWITCHING DIODES 

Junction Temperature TJ +125 °c 

Storage Temperature Range Tstll -55 to +150 °c 

DEVICE MARKING 

I MMBV3700LTl = 4R 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max 

Reverse Breakdown Voltage V(BR)R 200 - -
(lR = 10 pAl 

Diode Capacitance CT - - 1.0 
(VR = 20 Vdc, f = 1.0 MHz) 

Series Resistance (Figure 5) RS - 0.7 1.0 
(IF = 10 mAl 

Reverse Leakage Cu rrent IR - - 0.1 
(VR = 150 Vdc) 

Reverse Recovery Time trr - 300 -
(IF = IR = 10mA) 

MMBV3700LTl is also available in bulk packaging. Use MMBV3700L as the device title to order this device in bulk. 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - SERIES RESISTANCE FIGURE 2 - FORWARD VOLTAGE 
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10 pF 500 !l 

Hi 0----11t-( ---~!-----'\V\I'>w~--O+ 

C::JD.U.l Boonton 
Model 33A or B 

Power Supply 

~O~-------------][+---------------~O­
':' For te.t fixture. lead •• hould 

All m.a.urement. @ 100 MHz be as short as possible. 

To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor. The resistance of the 10 pF ca­
pacitor can be considered negligible for this measurement. 

1. The RFAdmittance Bridge (Boonton 33A or B) must be ini­
tially balanced. with the test circuit connected to the bridge 
test terminals. The conductance scale will be set at zero 
and the capacitance scale will be set at 120 pF. as required 
when using the 100 MHz test coil. 

2. Use a short length of wire to short the test circuit from pOint 
"A" to "B". Then connect the power supply providing 10 mA 
of bias current to the test circuit. 

3. Adjust the capacitance scale arm of the bridge and the "G" 
zero control for a minimum null on the "null meter", The 
null occurs at approximately 130 pF. 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 

5, Obtain a minimum null on the "null meter", with the ca­
pacitance and conductance scale adjustment arms. 

6. Read conductance IG) direct from the scale. Now read the 
capacitance value from the scale 1=130 pF) and subtract 
120 pF which yields capacitance IC). The forward resistance 
IRS) can now be calculated from: 

Where: 

2.533 G 
RS=-c2 

G - in micromhos, 
C- in pF. 

Rs-inohms 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Switching Diode 
This switching diode has the following features: 

• SOD-123 Surface Mount Package 

• High Breakdown Voltage 

• Fast Speed Switching Time 

• Available in 8 mm Tape and Reel 
Use MMSD914T1 to order the 7 inch/3,000 unit reel 
Use MMSD914T3 to order the 13 inch/10,000 unit reel 

MAXIMUM RATINGS 

Rating 

Continuous Reverse Voltage 

Peak Forward Current 

Peak Forward Surge Current 

DEVICE MARKING 

I MMSD914T1 = 5D 

THERMAL CHARACTERISTICS 

Characteristic 

Total Device Dissipation FR-5 Board (1) 
TA = 25°C 
Derate above 25°C 

Thermal Resistance Junction to Ambient 

Total Device Dissipation 
Alumina Substrate (2) TA = 25°C 
Derate above 25°C 

Thermal Resistance Junction to Ambient 

Junction and Storage Temperature 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage (lBR = 100~) 
Reverse Voltage Leakage Current (VR = 20 V) 

(VR = 75 V) 

Forward Voltage (IF = 10 mAl 

Diode Capacitance (VR = 0 V, f = 1.0 MHz) 

Reverse Recovery TIme (IF = IR = 10 mAl (Figure 1) 

(1) FR-5 = 1.0 x 0.75 x 0.062 In. 

(2) Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

1~2 
CATHODE ANODE 

Symbol 

VR 

IF 

IFM(surge) 

Symbol 

PD 

RaJA 

PD 

RaJA 

TJ, Tstg 

Symbol 

V(BR) 

IR 

VF 

CD 

trr 

Preferred devices are Motorola recommended choices for future use and best overall value. 

MMSD914T1 
MoIOrola P_,rad DevIce 

-1 

CASE 425-04, STYLE 1 
SOD-123 

Value Unit 

100 Vde 

200 mAde 

500 mA 

Max Unit 

225 mW 

1.8 mW/"C 

556 °CIW 

300 mW 

2.4 mW/"C 

417 °CIW 

-55 to +150 °C 

Min Max Unit 

100 - V 

- 25 nA 
- 5.0 ~ 

- 1000 mV 

- 4.0 pF 

- 4.0 ns 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Silicon Pin Switching Diode 
This switching diode is designed primarily for VHF band switching 

applications but is also suitable for use in general-purpose switching circuits. It 
is supplied in a SOD-123 Surface Mount package. 

• Rugged PIN Structure Coupled with Wirebond Construction for Optimum 
Reliability 

• Low Capacitance - 0.7 pF Typ at VR = 20 Volts 

• Very Low Series Resistance at 100 MHz - 0.34 Ohms (Typ) 
@IF=10mAdc 

• Available in 8 mm Tape and Reel 
Use MMSV3401 T1 to order the 7 inchl3,000 unit reel 
Use MMSV3401 T3 to order the 13 inch/10,000 unit reel 

1 0---114-0 2 
CATHODE ANODE 

MAXIMUM RATINGS 

Rating Symbol 

Reverse Voltage VR 

Forward Power Dissipation @ TA = 25°C PF 
Derate above 25°C 

Junction Temperature TJ 

Storage Temperature Range Tstg 

DEVICE MARKING 

I MMSV3401Tl =40 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min 

Reverse Breakdown Voltage 
(IR = 10 1lA) 

V(BR)R 35 

Diode Capacitance CT -
(VR=20V) 

Series Resistance RS -
(IF= lOrnA) f=100MHz 

Reverse Leakage Current IR -
(VR = 25 V) 

Preferred devices are Motorola recommended choices for future use and best overall value. 

MMSV3401T1 
Motorola Preferred DevIce 

CASE 425-04, STYLE 1 
S00-123 

Valua Unit 

20 Vdc 

200 mW 
2.0 mW/"C 

+125 °C 

-55 to +150 °C 

Typ Max Unit 

- - Volts 

- 1.0 pF 

- 0.7 Ohms 

- 0.1 IlA 
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MMSY3401T1 

TYPICAL ELECTRICAL CHARACTERISTICS 
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SILICON PIN DIODE 

· .. designed primarily for VHF band switching applications but also suitable 
for use in general-purpose switching circuits. Supplied in a cost effective 
TO-92 type plastic package for economical, high-volume consumer and 
industrial requirements. 

• Rugged PIN Structure Coupled with Wirebond Construction for Optimum 
Reliability 

• Low Series Resistance @ 100 MHz-
RS = 0.7 Ohms (Typ) @ IF = 10 mAdc 

• Sturdy TO-92 Style Package for Handling Ease 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 20 Volts 

Forward Power Dissipation @ TA = 25·C PF 400 mW 
Derate above 25·C 4.0 mWrC 

Junction Temperature TJ +125 ·C 

Storage Temperature Range Tst!! -55to +150 ·C 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(IR = 10 1lA) 

Diode Capacitance CT 
(VR = 15 Vdc, f = 1.0 MHz) 

Series Resistance (Figure 5) RS 
(IF = 10 mAl 

Reverse Leakage Current IR 
(VR = 15 Vdc) 

Min 

20 

-

-

-

MPN3404* 
CASE 182-02, STYLE 1 

(TO-226AC) 

" 
10 ~ 02 

Anode Cathode 

SILICON PIN 
SWITCHING DIODE 

*This Is a Motorola 
designated preferred device. 

Typ Max 

- -

1.3 2.0 

0.7 0.85 

- 0.1 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - SERIES RESISTANCE 
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Boonton CA:JOUT 
Model 33A or 8 B' .. 

Power Supply 

LOOI--------+I--o­
For test fixture, leads should be as 
short as possible. All measurements@ 100 MHz 

To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the SOO-ohm resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 

1. The RF Admittance Bridge (Boonton 33A or B) must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF . as re­
quired when using the 100 MHz test coil. 

Motorola Small--Signal Transistors, FETs and Diodes Device Data 

2. Use a short length of wire to short the test circuit from 
point "A" to "8". Then connect the power supply pro­
viding 10 mA of bias current to the test circuit. 

3. Adjust the capacitance scale arm of the bridge and the "G" 
zero control for a minimum null on the "null meter". 
The null occurs at approximately 130 pF. 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mAo 

5. Obtain a minimum null on the "null meter", with the 
capacitance and conductance scale adjustment arms. 

6. Read conductance (G) direct from the scale. Now read 
the capacitance value from the scale ("" 130 pF) and sub­
tract 120 pF which yields capacitance (e). The forward 
resistance (RS) can now be calculated from: 

Where: 

2.S33G 
RS=--­

C2 

G - in micromhos, 
C-inpF, 

RS - in ohms 
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MAXIMUM RATINGS (EACH DIODE) 

Rating Symbol Value Unit 

Reverse Voltage VR 100 Vde 

Recurrent Peak Forward Current IF 200 mA 

Peak Forward Surge Current IFM(surge) 500 mA 
(Pulse Width; 10 !'Sec) 

Power Dissipation @ T A ; 25'C PO(l) 625 mW 
Derate above 25'C 5.0 mWI'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg(l) -55 to +135 'c 

ELECTRICAL CHARACTERISTICS ITA; 25'C unless otherwise noted.) lEACH DIODE) 

Characteristic Symbol 

Breakdown Voltage VIBR) 
(lIBR) ; 100 I£Adc) 

Reverse Cu rrent IR 
IVR ; 100 Vdc) 
IVR ; 50 Vdc) 
IVR ; 50 Vde, TA ; 125'C) 

Forward Voltage VF 
(IF; 1.0 mAde) 
(IF; 10 mAde) 
(IF ; 100 mAde) 

Capacitance C 
(VR ; 0) 

Reverse Recovery Time trr 
(IF; IR ; 10 mAde, VR ; 5.0 Vdc, irr ; 1.0 mAdc) 

MSD6100* 

CASE 29·04, STYLE 3 
TO·92 (TO·226AA) 

Anode 1 2 Anode 

cth 
3 Cathode 

DUAL SWITCHING DIODE 
COMMON CATHODE 

*This is a Motorola 
designated preferred device. 

Min Max 

100 -

- 5.0 
- 0.1 
- 50 

0.55 0.7 
0.67 0.82 
0.75 1.1 

- 1.5 

- 4.0 

Unit 

Vdc 

I£Adc 

Vdc 

pF 

ns 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: PD ; 1.0 W @TC ; 25'C, 
Derate above 25'C - 8.0 mWI'C, T J ; - 65 to + 150'C, 8JC ; 125'CIW. 
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MAXIMUM RATINGS (EACH DIODE) 

Rating Symbol Value Unit 

Reverse Voltage VR 70 Vdc 

Peak Forward Recurrent Current IF 200 mA 

Peak Forward Surge Current IFM(surge) 500 mA 
(Pulse Width = 10 /lS) 

Total Device Dissipation @ TA = 25"C 'PD(1) 625 mW 
Derate above 25°C 5.0 mWC 

Operating and Storage junction Tj, Tstg(l) -55to +135 °c 
Temperature Range 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) (EACH DIODE) 

Characteristic Symbol 

Breakdown Voltage V(BR) 
(lIBR) = 100 pAdc) 

Reverse Current IR 
(VR = 50 Vdc) 

Forward Voltage VF 
(IF = 10 mAde) 

Capacitance C 
(VR = 0) 

Reverse Recovery Time trr 
(IF = IR = 10 mAde, VR = 5.0 Vdc, irr = 1.0 mAdc) 

MSD6150* 

CASE 29-04, STYLE 4 
TO-92 (TO-226AA) 

,,' cfl)OO 
3 Cathode 1 2 Cathode 

DUAL DIODE 
COMMON ANODE 

*This is 8 Motorola 
designated preferred device. 

Min Typ Max 

70 - -

- - 0.1 

- O.BO 1.0 

- 5.0 B.O 

- - 100 

Unit 

Vdc 

pAdc 

Vdc 

pF 

ns 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po = 1.0 W @ TC = 25°C, Derate 
above B.O mWrC, Po = 10 W@TC = 25°C, Derate above·BO mWrC, Tj, Tstg = -55 to +150°, 8JC = 12.5°C/W, 8JA = 125°C. 
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SILICON EPICAP DIODE 

· .. designed for FM tuning. general frequency control and tuning. or any 
top-of-the-line application requiring back-to-back diode configurations for 
minimum signal distortion and detuning. This device is supplied in the pop­
ular TO-92 plastic package for high volume. economical requirements of 
consumer and industrial applications. 

• High Figure of Merit -
Q = 140 (Typ) @ VR = 3.0 Vdc. f = 100 MHz 

• Guaranteed Capacitance Range 
37-42 pF @ VR = 3.0 Vdc (MV104) 

• Dual Diodes - Save Space and Reduce Cost 

• TO-92 Package for Easy Handling and Mounting 

• Monolithic Chip Provides Near Perfect Matching - Guaranteed ± 1% 
(Max) Over Specified Tuning Range 

MAXIMUM RATINGS (EACH DIODE) 

Rating Svmbol Value Unit 

Reverse Voltage VR 32 Volts 

Forward Current IF 200 mA 

Total Power Dissipation @ TA = 25°C PF 280 mW 
Derate above 25°C 2.8 mWf'C 

Junction Temperature TJ +125 °c 

Storage Temperature Range Tat!! -55to+150 °c 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) (EACH DIODE) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(lR = 10 ,.Me) 

Reverse Voltage Leakage Current TA = 25°C IR 
(VR = 30Vdc) TA = 6O"C 

Diode Capacitance Temperature Coefficient TCC 
(VR = 4.0 Vdc. f = 1.0 MHz) 

MVI04* 
CASE 29-04, STYLE 15 

(TO-226AA) 

I Pin~Pin3 
1 A1 A2 

Min 

32 

-
-
-

2 
3 Pin 2 C 

DUAL 
VOLTAGE-VARIABLE 

CAPACITANCE DIODE 

*This is a Motorola 
designated prefarred device. 

TVp Max 

- -
- 50 
- 500 

280 -

Unit 

Vdc 

nAdc 

ppmf'C 

CT. Diode Capacitance 0. Figure of Merit CR. Capacitance Ratio 
VR = 3.0 Vdc. f = 1.0 MHz VR = 3.0Vdc CaJC30 

pF f = 100 MHz f = 1.0 MHz 

Device Min I Max Min I TVp Min I Max 

MV104 37 I 42 100 I 140 2.5 I 2.8 

FIGURE 1 - DIODE CAPACITANCE (Each Diode) 
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MV104 

TYPICAL CHARACTERISTICS (Each Diode) 
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SILICON HYPER-ABRUPT TUNING DIODES 

• •• designed with high capacitance and a capacitance change of greater 
than TEN TIMES for a bias change from 2.0 to 10 volts. Provides tuning 
over broad frequency ranges; tunes AM radio broadcast band, general AFC 
and tuning applications in lower RF frequencies. 

• High Capacitance: 120-250 pF 

• Large Capacitance Change with Small Bias Change 

• Guaranteed High Q 

• Available in Standard Axial Glass Packages 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 12 Volts 

Forward Current IF 250 mA 

Device Dissipation @ T A = 25·C PD 400 mW 
Derate above 25·C 2.67 mWf'C 

Junction Temperature TJ +125 ·C 

Storage Temperature Range Tsto -65 to +200 ·C 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(lR = 10pAdc) 

Leakage Current at Reverse Voltage IR 
(VR = 10 Vdc, TA = 25OC) 

Series Inductance LS 
(f = 250 MHz, Lead Length ~ 1/16") 

Case Capacitance Cc 
(f = 1.0 MHz, Lead Length ~ 1116") 

CT, Diode Capacitance Q, Figure of Merit 

Device 

MV1403 
MVI404 
MV1405 

VR = 2.0 Vdc, f = 1.0 MHz VR = 2.0Vdc, 
pF 

Min Nom 

140 175 
96 120 
200 250 

500 

::::::=::: 

-

-
10 

f = 1.0 MHz 

Max Min 

210 200 
144 200 
300 200 

FIGURE 1 - DIODE CAPACITANCE versus 
REVERSE VOLTAGE 

r-... 
r--... "- TA = 25"C 

f = 1 MHz 
.......... ......... .,r.. 

~MVI405 

r- MVl403 ' 

r- MV/404 

r-... ..... 
/ ~ ..... ~ ........ 

3 4 5 7 
VR, REVERSE VOLTAGE (VOLTS) 

...... 

......... 

Min 

12 

-

-

-

MVl403 
MVl404 
MV140S 

2 

CASE 51-02 
(DO-204AA) 

2 o---J!+-<>1 
Anode Cathode 

120-250 pF 
12 VOLTS 

HIGH TUNING RATIO 
VOLTAGE-VARIABLE 

CAPACITANCE DIODES 

Typ Max 

- -
Unit 

Vdc 

- 0.1 pAdc 

5.0 - nH 

0.25 - pF 

TR, Tuning Ratio 

C1/C10 C2/C10 
f = 1.0 MHz f = 1.0 MHz 

Min Min 

- 10 
- 10 
- 10 

-

--
10 
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SILICON EPICAP DIODES 

· .. epitaxial passivated tuning diodes designed for AFC applications in 
radio. TV. and general electronic-tuning. 

• Maximum Working Voltage of 20 V 
• Excellent Q Factor at High Frequencies 
• Solid-State Reliability to Replace Mechanical Tuning Methods 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 20 Volts 

Forward Current IF 250 mA 

Device Dissipation @ T A = 25'C PD 400 mW 
Derate above 25'C 2.67 mWrC 

Junction Temperature TJ +175 'c 
Storage Temperature Range Tstll -65 to +200 'c 

ELECTRICAL CHARACTERISTICS (TA - 25'C unless otherwise noted) -

Characteristic Symbol 

Reverse Breakdown Voltage BVR 
(lR = 10pAdc) 

Reverse Voltage Leakage Current IR 
(VR = 15 Vdc. TA = 25'C) 

Series Inductance LS 
(f = 250 MHz. Lead Length = 1/16") 

Case Capacitance Cc 
(f = 1.0 MHz. Lead Length = 1/16") 

Ct. Diode Capacitance 
VR = 4.0 Vdc. f = 1.0 MHz 

pF 

Device Min Nom Max 

MV1620 6.1 6.8 7.5 
MV1624 9.0 10.0 11.0 
MV1626 10.8 12.0 13.2 

MV1628 13.5 15.0 16.5 
MVl630 16.2 18.0 19.8 
MV1634 19.8 22.0 24.2 

MVl636 24.3 27.0 29.7 
MV1638 29.7 33.0 36.3 
MVl640 35.1 39.0 42.9 
MV1642 42.3 47.0 51.7 

MVl644 50.4 56.0 61.6 
MV1648 73.8 82.0 90.2 
MV1650 90.0 100.0 110.0 

TR. Tuning Ratio, is the ratio of CT measured at 2 Vdc divided by CT measured at 20 Vdc. 

Rev 2 

Min 

20 

-

-

-

MV1620 
thru 

MV1650 
CASE 51-02 

DO-204AA (00-7) 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

6.8-100 pF 
20 VOLTS 

Typ Max 

- -

- 0.10 

4.0 -

0.17 -

2 

Unit 

Vdc 

pAdc 

nH 

pF 

0. Figure of Merit TR. Tuning Ratio 
VR = 4.0Vdc C2/C20 
f=5OMHz f = 1.0 MHz 

Typ Min Max 

300 2.0 3.2 
300 2.0 3.2 
300 2.0 3.2 

250 2.0 3.2 
250 2.0 3.2 
250 2.0 3.2 

200 2.0 3.2 
200 2.0 3.2 
200 2.0 3.2 
200 2.0 3.2 

150 2.0 3.2 
150 2.0 3.2 
150 2.0 3.2 

5-116 Motorola Small-8ignal Transistors, FETs and Diodes Device Data 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Silicon Epicap Diode 
This silicon epicap diode is designed for use in high capacitance, high-tuning 

ratio applications. The device is housed in the SOT-223 package which is 
designed for medium power surface mount applications. 

• Guaranteed Capacitance Range 

• SOT-223 Package can be Soldered Using Wave or Reflow. 

• SOT-223 package ensures level mounting, resulting in improved thermal 
conduction, and allows visual inspection of soldered jOints. The formed 
leads absorb thermal stress during soldering eliminating the possibility of 
damage to the die. 

• Available in 12 mm Tape and Reel 
Use MV7005T1 to order the 7 inch/1000 unit reel. 
Use MV7005T3 to order the 13 inch/4000 unit reel. 

MV700ST1 
Motorola Preferred Device 

SOT-223 PACKAGE 
HIGH CAPACITANCE 
VOLTAGE-VARIABLE 

DIODE 
SURFACE MOUNT 

1~~2,4 
ANODE CATHODE CASE 318E-04, STYLE 2 

TO-261AA 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 15 Volts 

Forward Current IF 50 mA 

Total Power Dissipation @ TA = 25°C Po 280 mW 
Derate above 25°C 2.8 mWrC 

Junction Temperature TJ +125 °c 

Storage Temperature Range Tstg -55 to +125 °C 

DEVICE MARKING 

I V7005 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Reverse Breakdown Voltage 
(lR = 10 !JAde) 

V(BR)R 15 - Vdc 

Reverse Voltage Leakage Current IR - 100 nAdc 
(VR = 9.0 Vdc) 

Diode Capacitance CT 400 520 pF 
(VR = 1.0 Vdc, 1= 1.0 MHz) 

Capacitance Ratio Cl/C9 CR 12 - -
(1= 1.0 MHz) 

Figure 01 Merit Q 150 - -
(VR = 1.0 Vdc, 1= 1.0 MHz) 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev 2 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Silicon Hyper-Abrupt Tuning Diode 
This silicon tuning diode is designed for high capacitance and a tuning ratio of 

greater than 10 times over a bias range of 2.0 to 10 volts. It provides tuning over 
a broad frequency range from the AM broadcast band to 100 MHz. The device 
is housed in the SOT-223 package, which is designed for medium power 
surface mount applications. 

• High Capacitance 

• Large Capacitance Change with Small Bias Change 

• Guaranteed High Q 

• The SOT-223 Package can be soldered using Wave or Reflow 

• SOT-223 package ensures level mounting which results in improved 
thermal conduction and allows visual inspection of soldered joints. The 
formed leads absorb thermal stress during soldering, eliminating the 
possibility of damage to the die. 

• Available in 12 mm Tape and Reel 

I ---.\ ~ 2,4 
Use MV7404T1 to order the 7 inch/1000 unit reel 
Use MV7404T3 to order the 13 inch/4000 unit reel 

ANODE CATHODE 

MAXIMUM RATINGS (TC = 25°C unless otherwise nOled) 

Rating Symbol 

Reverse Voltage VR 

Forward Current IF 

Total Power Dissipation @ TA = 25°C Po 
Derale above 25°C 

Operating and Storage Temperature Range TJ, Tstg 

Lead Temperature lor Soldering Purposes, 1/6" Irom case TL 
Time in Solder Bath 

DEVICE MARKING 

I V7404 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Min 

Reverse Breakdown Voltage 
(lR= 10~dc) 

V(BR)R 12 

Reverse Voltage Leakage Current IR -
(VR = 10Vdc, 1= 1.0 MHz) 

Diode Capacitance CT 96 
(VR = 2.0 Vdc, I = 1.0 MHz) 

Figure 01 Merit Q 200 
(VR = 2.0 Vdc, I = 1.0 MHz) 

Tuning RatioC2/Cl0 TR 10 
(I = 1.0 MHz) 

.. 
• DeVice mounted on minimum recommended lootprlnt. 

Preferred devices are Motorola recommended choices for future use and best overall value. 

Rev! 
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MV7404T1 
Motorola Preferred Device 

SOT-223 PACKAGE 
HIGH TUNING RATIO 
VOLTAGE-VARIABLE 

SURFACE MOUNT 
DIODE 

CASE 318E-04, STYLE 2 
TO-261AA 

Value Unit 

12 Volls 

250 mA 

280 mW 
2.8 mW/oC 

-55 to 125 °C 

260 °c 
10 Sec 

Typ Max Unit 

- - Vdc 

- 100 nAdc 

120 144 pF 

- - -

- - -
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SILICON TUNING DIODES 

· •. designed for electronic tuning of AM receivers and high capacitance, 
high tuning ratio applications. 

• High Capacitance Ratio - CR = 15 (Min), 
MVAM108, 115, 125 

• Guaranteed Diode Capacitance - Ct = 440 pF (Min) -
560 pF (Max) @ VR = 1.0 VDc, f = 1.0 MHz, MVAM108, MVAM115, 
MVAM125 

• Guaranteed Figure of Merit -
Q = 150 (Min) @ VR = 1.0 Vdc, f = 1.0 MHz 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage MVAM108 VR 12 Volts 
MVAM109 15 
MVAMl15 18 
MVAM125 28 

Forward Current IF 50 mA 

Power Dissipation @ T A = 25"C Po 280 mW 
Derate above 25"C 2.8 mwrc 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +125 "c 

ELECTRICAL CHARACTERISTICS (T A = 25"C unless otherwise noted Each Device) 

Characteristic Symbol 

Breakdown Voltage V(BR)R 
(lR = 10 pAdc) MVAM108 

MVAM109 
MVAMl15 
MVAM125 

Reverse Current IR 
(VR = 8.0 V) MVAM108 
(VR = 9.0 V) MVAM109 
(VR = 15 V) MVAMl15 
(VR = 25 V) MVAM125 

Diode Capacitance Temperatujre Coefficient (1) TCC 
(VR = 1.0 Vdc, f = 1.0 MHz, TA = -40"C to +85"C) 

Case Capacitance Cc 
(f = 1.0 MHz, Lead Length 1/16") 

Diode Capacitance Ct 
(VR = 1.0 Vdc, f = 1.0 MHz) MVAM108, 115, 125 

MVAM109 

Figure of Merit Q 

(f = 1.0 MHz, Lead Length 1116", VR = 1.0 Vdc) 

Capacitance Ratio 
(f = 1.0 MHz) MVAM108 Cl/C8 

MVAM109 Cl/C9 
MVAMl15 Cl/C15 
MVAM125 Cl/C25 

NOTES: 

Min 

12 
15 
18 
28 

-
-
-
-
-

-

440 
400 

150 

15 
12 
15 
15 

MVAMI08* 
MVAMI09* 
MVAMllS* 
MVAM12S* 

CASE 182-02, STYLE 1 
(TO-226AC) 

,~ 
2 

2 o--JI+-----<> ' 
Cathode Anode 

TUNING DIODES 
WITH VERY HIGH 

CAPACITANCE RATIO 

* These are Motorola 
designated preferred devices. 

Typ Max 

- -
- -
- -
- -

- 100 
- 100 
- 100 
- 100 

435 -

0.18 -

500 560 
460 520 

- -

- -
- -
- -
- -

Unit 

Vdc 

nAdc 

ppmrC 

pF 

pF 

-

-

1. The effect of increasing temperature 1.0°C, at any operating point, is equivalent to lowering the effective tuning voltage 1.25 mV. The percent change of 
capacitance per DC is nearly constant from -40OC to + 10QoC. 

Rev 3 
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Section 6 

Tape and Reel Specifications, 
Packaging Specifications 
and Leadform Options 
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Tape and Reel Specifications 

and Packaging Specifications 

Embossed Tape and Reel is used to facilitate automatic pick and place equipment feed requirements. The tape is used as the 
shipping container for various products and requires a minimum of handling. The antistatic/conductive tape provides a secure 
cavity for the product when sealed with the "peel-back" cover tape. 

• Two Reel Sizes Available (7" and 13") 
• Used for Automatic Pick and Place Feed Systems 

• SOD-123, SC-59, SC-70/S0T-323, SOT-23 in 
8mmTape 

• Minimizes Product Handling • S0-8, SOT-223 in 12 mm Tape 
• EIA 481, -1,-2 • S0-14, SO-16 in 16 mm Tape 

Use the standard device title and add the required suffix as listed in the option table on the following page. Note thatthe individual 
reels have a finite number of devices depending on the type of product contained in the tape. Also note the minimum lot size is 
one full reel for each line item, and orders are required to be in increments of the single reel quantity. 

S00-123 
Bmm 

SOT-223 
12mm 

SC-59, SC-701S0T -323, SOT -23 
Bmm 

SO-S SO-14,16 
12mm 16mm 

DIRECTION 

OF FEED 

EMBOSSED TAPE AND REEL ORDERING INFORMATION 

Package 

SC-59 

SC-70/S0T -323 

S0-8 

SO-14 

SO-16 

SOD-123 

SOT-23 

SOT-223 

Tape and Reel Specifications 
6--2 

Tape Width 
(mm) 

8 

8 
8 

12 
12 

16 
16 

16 
16 

8 
8 

8 
8 
8 

12 
12 

Devices Per Reel 
Pitch Reel Size and Minimum Device 

mm (inch) mm (Inch) Order Quantity Suffix 

4.0 ± 0.1 (.157 ± .004) 178 (7) 3,000 T1 

4.0±0.1 (.157±.004) 178 (7) 3,000 T1 
330 (13) 10,000 T3 

8.0 ± 0.1 (.315 ± .004) 178 (7) 500 R1 
330 (13) 2,500 R2 

8.0 ± 0.1 (.315 ± .004) 178 (7) 500 R1 
330 (13) 2,500 R2 

8.0±0.1 (.315±.004) 178 (7) 500 R1 
330 (13) 2,500 R2 

4.0 ± 0.1 (.157 ± .004) 178 (7) 3,000 T1 
330 (13) 10,000 T3 

4.0 ± 0.1 (.157 ± .004) 178 (7) 3,000 T1 
330 (13) 10,000 T3 
330 (13) 10,000 T3 

8.0 ± 0.1 (.315 ± .004) 178 (7) 1,000 T1 
330 (13) 4,000 T3 
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EMBOSSED TAPE AND REEL DATA FOR DISCRETES 

CARRIER TAPE SPECIFICATIONS 

For Machine Reference Only 
Including Draft and RADII 
Concentric Around BO 

User Direction of Feed 

RMin 

Tape and Components 
Shall Pass Around Radius "R' 
Without Damage 

Bar Code label 

10 Phches Cumulmive Tolerance on Tape 
±0.2mm 

-"'~4-1 
F W 

~ 

Embossed Carrier 

01 
For Components 
2.0 mm x 1.2 mm and larg­
er 

* Top Cover Tape 
Thickness (t1) 
0.10mm 
(.004") Max. 

1100mm~ 
(3.937'1 

1mmMax 

Typical Component 
Cavity Center Une 

1mm 

Tape 

Typical Component 
~ CenterUne 

(.039") Max 250 mm 
t-----------~-~- (9.843,,) ---~ 

Camber (Top View) 
Allowable Camber To Be 1 mm/1 00 mm Nonaccumulative Over 250 mm 

DIMENSIONS 

Tape 
Size B1 Max D Dl E F K Po P2 RMin TMax WMax 

Smm 4.55mm 1.5+0.1 mm 1.0 Min 1.75±0.1 mm 3.5±0.05mm 2.4mmMax 4.0±O.1 mm 2.0±0.1 mm 25mm 0.6mm S.3mm 
(.179'1 -0.0 (.039") (.069 ±.O04; (.13S±.OO2; (.094; (.157 ±.O04; (.079 ± .002; (.9S; (.024; (.327; 

(.059+.004" r----
12mm B.2mm -0.0) 1.5 mm Min 5.5±0.05mm 6.4 mm Max 30mm 12±.30mm 

(.323; (.060'1 (.217±.O02; (.252'1 (1.19") (.470±.012j 

16mm 12.1 mm 7.5±0.10 mm 7.9 mm Max 16.3mm 
(.476; (.295±.004; (.311; (.642; 

24mm 20.1 mm 11.5±0.1 mm 11.9 mm Max 24.3mm 
(.791; (.453±.004; (.469") (.957; 

Metne dimensions govern - English are In parentheses for reference only. 
NOTE 1: Ao, BO. and Ko are determined by component size. The clearance between the components and the cavity must be within .05 mm min. to .50 mm max., 

the component cannot rotate more than 10° within the determined cavity. 
NOTE 2: If Bl exceeds 4.2 mm (.165) for 8 mm embossed tape, lhe lape may not feed through all tape feeders. 
NOTE 3: Pitch infonnation is contained in the Embossed Tape and Reel Ordering Information on pg. 5.12-3. 
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EMBOSSED TAPE AND REEL DATA FOR DISCRETES 

I--- TMax 

r 7 ::lrl.5mmMin (.06'1 

~ " 
A 20.2 mm Min [~\ 

13.0 mm ± 0.5 mm 

(.512"±L 

I Oulside Dimension 
Measured al Edge 

f 

Tape and Reel Specifications 
6-4 

(.795'1~ ) 

T '-~/ 
~t ~ 

Full Radius 

Size A Max G TMax 

8mm 330mm 8.4 mm + 1.5 mm, -0.0 14.4mm 
(12.992'1 (.33" + .059", -0.00) (.56") 

12mm 330mm 12.4 mm + 2.0 mm, -0.0 18.4mm 
(12.992'1 (.49" + .079", -0.00) (.72'1 

16mm 360mm 16.4 mm + 2.0 mm, -0.0 22.4mm 
(14.173") (.646" + .078", -0.00) (.882") 

24mm 360mm 24.4 mm + 2.0 mm, -0.0 30.4mm 
(14.173") (.961" + .070", -0.00) (1.197") 

Reel Dimensions 
Metric Dimensions Govern - English are in parentheses for reference only 

50 mm Min 

Inside Dimension 
Measured Near Hub 
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TO-92 EIA, lEe, EIAJ 
Radial Tape in Fan Fold 
Box or on Reel 

Radial tape in fan fold box or on reel of the reliable T0-92 package are 
the best methods of capturing devices for automatic insertion in printed 
circuit boards. These methods of taping are compatible with various equip­
ment for active and passive component insertion. 

• Available in Fan Fold Box 
• Available on 365 mm Reels 
• Accommodates All Standard Inserters 
• Allows Flexible Circuit Board Layout 
• 2.5 mm Pin Spacing for Soldering 
• EIA-468, IEC 286-2, EIAJ RC1008B 

Ordering Notes: 
When ordering radial tape in fan fold box or on reel, specify the style per 

Figures 3 through 8. Add the suffix "RLR" and "Style" to the device title, i.e. 
MPS3904RLRA. This will be a standard MPS3904 radial taped and sup­
plied on a reel per Figure 9. 
Fan Fold Box Information - Order in increments of 2000. 
Reel Information - Order in increments of 2000. 

USJEuropean Suffix Conversions 

US EUROPE 

RLRA RL 

RLRE RLl 

RLRM ZLl 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

TO-92 
RADIAL 
TAPE IN 

FAN FOLD 
BOX OR 

ON REEL 

'" 'I' 'I' 'I' 

~ 

Packaging Specifications 
6-5 



TO-92 EIA RADIAL TAPE IN FAN FOLD BOX OR ON REEL 

Figure 1. Device Positioning on Tape 

Specification 

Inches Millimeter 

Symbol Item Min Max Min Max 

D Tape Feedhole Diameter 0.1496 0.1653 3.8 4.2 

D2 Component Lead Thickness Dimension 0.Q15 0.020 0.38 0.51 

F1, F2 Component Lead Pitch 0.0945 0.110 2.4 2.8 

H Bottom of Component to Seating Plane .059 .156 1.5 4.0 

H1 Feedhole Location 0.3346 0.3741 8.5 9.5 

H2A Deflection Left or Right 0 0.039 0 1.0 

H2B Deflection Front or Rear 0 0.051 0 1.0 

H4 Feedhole to Bottom of Component 0.7086 0.768 18 19.5 

H5 Feedhole to Seating Plane 0.610 0.649 15.5 16.5 

L Defective Unit Clipped Dimension 0.3346 0.433 8.5 11 

L1 Lead Wire Enclosure 0.09842 - 2.5 -
P Feedhole Pitch 0.4921 0.5079 12.5 12.9 

P1 Feedhole Center to Center Lead 0.2342 0.2658 5.95 6.75 

P2 First Lead Spacing Dimension 0.1397 0.1556 3.55 3.95 

T Adhesive Tape Thickness 0.06 0.08 0.15 0.20 

T1 Overall Taped Package Thickness - 0.0567 - 1.44 

T2 Carrier Strip Thickness 0.014 0.027 0.35 0.65 

W Carrier Strip Width 0.6889 0.7481 17.5 19 

W1 Adhesive Tape Width 0.2165 0.2841 5.5 6.3 

W2 Adhesive Tape Position .0059 0.01968 .15 0.5 

NOTES: 
1. Maximum alignment deviation between leads not to be greater than 0.2 mm. 
2. Defective components shall be clipped from the carrier tape such that the remaining protrusion (l) does not exceed a maximum of 11 mm. 
3. Component lead to tape adhesion must meet the pull test requirements established in Figures 5,6 and 7. 
4. Maximum non-cumulative variation between tape feed holes shall not exceed 1 mm in 20 pitches. 
5. Holddown tape not to extend beyond the edge(s) of carrier tape and there shall be no exposure of adhesive. 
6. No more than 1 consecutive missing component is permitted. 
7. A tape trailer and leader, having at least three feed holes is required before the first and after the last component. 
8. Splices will not interfere with the sprocket feed holes. 

Packaging Specifications 
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TO-92 EIA RADIAL TAPE IN FAN FOLD BOX OR ON REEL 

ADHESIVE TAPE ON 
TOPSIDE 

Style M fan fokl box is equivalent to stytes E and 
F of reel pack dependent 011 feedorientation from 
box. 

Figure 2. Style M 

100 GRAM 
PULL FORCE .II1II.----.,:-

16mm 

~;:::::::J~_~ 

The component shall not pull free with a 300 gram 
load applied to the leads for 3 ± 1 second. 

Figure 5. Test #1 

FAN FOLD BOX STYLES 

ADHESIVE TAPE ON 
TOPSIDE 

Style P fan fold box is equivalent to styles A and 
B of reel pack dependent on feed orientation from 
box. 

Figure 3. Style P 

ADHESION PULL TESTS 

HOLDING 
FIXTURE 

16mm 

+==It::::::j-_-..l 

The component shall not pull free with a 70 gram 
load applied to the leads for 3 ± 1 second. 

Figure 6. Test #2 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

Figure 4. Fan Fold Box Dimensions 

500 GRAM PUll. FORCE 

There shall be no deviation in the leads and 
no component leads shall be pulled free of 
the tape with a 500 gram load applied to the 
component body for 3 ± 1 second. 

Figure 7. Test #3 

Packaging Specifications 
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T0-92 EIA RADIAL TAPE IN FAN FOLD BOX OR ON REEL 

REEL STYLES 

ARBOR HOLE DIA. 
3O.5mm ± O.25mm 

MARKING NOTE 

--1FT 

~ j lT HUB RECESS 
76.2mm±lmm 

RECESS DEPTH 365mm 3 _ Omm 

9.5mm MIN ~ !, . 

~ 38.1mm±lmm 

~m 1 Ed =r 
I 

Material used must not cause deterioration of components or degrade lead solderability 

Figure 8. Reel Specifications 

ADHESIVE TAPE ON REVERSE SIDE 

Rounded side of transistor and adhesive tape visible. Flat side of transistor and carrier strip visible 
(adhesive tape on reverse side). 

Figure 9. Style A 

Ral side of transistor and adhesive tape visible. 

Figure 11. Style E 

Packaging Specifications 
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Figure 10. Style B 

Rounded side of transistor and carrier strip visible 
(adhesive tape on reverse side). 

Figure 12. Style F 
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Leadform Options - T0-92 (Case 29) 
Plastic packaged semiconductors may be leadfonned to a valiety 

of configurations for insertion into sockets or circuit boards. Leadfonn 
options require assignment of a special part number before ordeling. 
To order leadformed product, determine the desired leadform, the 

CASE 29 
LEADFORM5* 
(T0-92 to lit TO-5) 

1 0.250 I-- I 
0.018DIA. Q. =...L 

I 0.140 
...L IV -

T~~:d 0.180[f 

0.200DIA, -_11_-0030 
PIN CIRCLE o.OI0=-lit-· L~RAD. 

:trc]~ -E!!!!!: ~""""""'. E O;-y 

case number and applicable leadfonn number, then contact your local 
Motorola representative for the special part number and pricing. 
Leadform orders require a minimum order quantity and are 
non-alnceliable after processing. 

CASE 29 
LEADFORM 18* 
(10-92 to lit TO-18) 

J::~I 0.019 I ---1. 

~;. . [±°R·1E~0 r ~ r. 

ICO.587 'J C 
~0.593==:J 0.180 

Motorola Small-Signal Transistors, FETs and Diodes Device Data Leadform Options 
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Section 7 

Surface Mount 
Information 

In Brief . .. 
Surface Mount Technology is now being utilized to offer 

answers to many problems that have been created in the use 
of insertion technology. 

Limitations have been reached with insertion packages 
and PC board technology. Surface Mount Technology offers 
the opportunity to continue to advance the state-of-the-art 
designs that cannot be accomplished with Insertion 
Technology. 

Surface Mount Packages allow more optimum device 
performance with the smaller Surface Mount configuration. 
Internal lead lengths, parasitic capacitance and inductance 
that placed limitations on chip performance have been 
reduced. 

The lower profile of Surface Mount Packages allows more 
boards to be utilized in a given amount of space. They are 
stacked closer together and utilize less total volume than 
insertion populated PC boards. 

Printed circuit costs are lowered with the reduction of the 
number of board layers required. The elimination or reduc­
tion of the number of plated through holes in the board 
contribute significantly to lower PC board prices. 

Surface Mount assembly does not require the preparation of 
components that is common on insertion technology lines. 
Surface Mount components are sent directly to the assembly 
line, eliminating an intennediate step. 

Automatic placement equipment is available that can 
place Surface Mount components at the rate of a few thou­
sand per hour to hundreds of thousands of components per 
hour. 

Surface Mount Technology is cost effective, allowing the 
manufacturer the opportunity to produce smaller units and 
offer increased functions with the same size product. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data Surface Mount Information 
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INFORMATION FOR USING SURFACE MOUNT PACKAGES 

RECOMMENDED FOOTPRINTS FOR SURFACE MOUNTED APPLICATIONS 

Surface mount board layout is a critical portion of the total 
design. The footprint for the semiconductor packages must be 
the correct size to ensure proper solder connection interface 

between the board and the package. With the correct pad 
geometry, the packages will self align when subjected to a 
solder reflow process. 

POWER DISSIPATION FOR A SURFACE MOUNT DEVICE 

The power dissipation for a surface mount device is a 
function of the drain/collector pad size. These can vary from 
the minimum pad size for soldering to a pad size given for 
maximum power dissipation. Power dissipation for a surface 
mount device is determined by TJ(max), the maximum rated 
junction temperature of the die, RaJA, the thermal resistance 
from the device junction to ambient, and the operating 
temperature, T A. Using the values provided on the data sheet, 
PD can be calculated as follows: 

PD= 

The values for the equation are found in the maximum 
ratings table on the data sheet. Substituting these values into 
the equation for an ambient temperature TA of 25°C, one can 
calculate the power dissipation of the device. For example, for 
a SOT -223 device, PD is calculated as follows. 

The 156°CIW for the SOT -223 package assumes the use 
of the recommended footprint on a glass epoxy printed circuit 
board to achieve a power dissipation of 800 milliwatts. There 
are other alternatives to achieving higher power dissipation 
from the surface mount packages. One is to increase the area 
of the drain/collector pad. By increasing the area of the 
drain/collector pad, the power dissipation can be increased. 

Although the power dissipation can almost be doubled with 
this method, area is taken up on the printed circuit board which 
can defeat the purpose of using surface mount technology. 
For example, a graph of RaJA versus drain pad area is shown 
in Figure 1. 

Another alternative would be to use a ceramic substrate or 
an aluminum core board such as Thermal ClacfTM. Using a 
board material such as Thermal Clad, an aluminum core 
board, the power dissipation can be doubled using the same 
footprint. 

! 
160 

~ 140 

i~ 
~~ 120 
~ca ..... :::;; 

:liC'i 
ffi ""100 
i= 

\-: 
\ 

J 
Board Material = 0.0625" 
G-l0/FR-4, 2 OZ Copper 

I I 

0.8Wj 

\. V +Wj' 

r--r--I-J 
~ 60 

'Mounted on the 0 PAK footprint 

0.0 0.2 0.4 0.6 
A, AREA (SQUARE INCHES) 

TA=25°C 

1.5 Walls 

I 
1 -r--. '-

0.8 1.0 

Figure 1. Thermal Resistance versus Drain Pad 
Area for the SOT -223 Package (Typical) 

SOLDER STENCIL GUIDELINES 

Prior to placing surface mount components onto a printed 
circuit board, solder paste must be applied to the pads. Solder 
stencils are used to screen the optimum amount. These 
stencils are typically 0.008 inches thick and may be made of 

brass or stainless steel. For packages such as the SC-59, 
SC-70/S0T-323, SOO-123, SOT-23, SOT-223, S0-8, 
SO-14, and SO-16 packages, the stencil opening should be 
the same as the pad size or a 1: 1 registration. 

Surface Mount Information 
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SOLDERING PRECAUTIONS 

The melting temperature of solder is higher than the rated 
temperature of the device. When the entire device is heated 
to a high temperature, failure to complete soldering within a 
short time could result in device failure. Therefore, the 
following items should always be observed in order to 
minimize the thermal stress to which the devices are 
subjected. 
• Always preheat the device. 
• The delta temperature between the preheat and soldering 

should be 100°C or less: 
• When preheating and soldering, the temperature of the 

leads and the case must not exceed the maximum 
temperature ratings as shown on the data sheet. When 
using infrared heating with the reflow soldering method, 
the difference should be a maximum of 10°C. 

• The soldering temperature and time should not exceed 
260°C for more than 10 seconds. 

• When shifting from preheating to soldering, the maximum 
temperature gradient should be 5°C or less. 

• After soldering has been completed, the device should be 
allowed to cool naturally for at least three minutes. 
Gradual cooling should be used since the use of forced 
COOling will increase the temperature gradient and will 
result in latent failure due to meChanical stress. 

• Mechanical stress or shock should not be applied during 
cooling. 

• Soldering a device without preheating can cause excessive 
thermal shock and stress which can result in damage to the 
device. 

TYPICAL SOLDER HEATING PROFILE 

For any given circuit board, there will be a group of control 
settings that will give the desired heat pattern. The operator 
must set temperatures for several heating zones and a figure 
for belt speed. Taken together, these control settings make up 
a heating "profile" for that particular circuit board. On machines 
controlled by a computer, the computer remembers these 
profiles from one operating session to the next. Figure 2 shows 
a typical heating profile for use when soldering a surface 
mount device to a printed circuit board. This profile will vary 
among soldering systems, but it is a good starting point. 
Factors that can affect the profile include the type of soldering 
system in use, density and types of components on the board, 
type of solder used, and the type of board or substrate material 
being used. This profile shows temperature versus time. The 
line on the graph shows the actual temperature that might be 

200"C 

150°C 

100°C 

50"C 

STEP 1 
PREHEAT 
ZONE 1 
"RAMP" 

STEP2 STEP3 
VENT HEATING 
"SOAK:' ZONES 2 & 5 

"RAMP' 
I I 

DESIRED CURVE FOR HIGH 
MASS ASSEMBLIES 

I 
150"C 

experienced on the surface of a test board at or near a central 
solder joint. The two profiles are based on a high density and 
a low density board. The Vitronics SMD310 convectionlin­
frared reflow soldering system was used to generate this 
profile. The type of solder used was 62136/2 Tin Lead Silver 
with a melting point between 177-189°C. When this type of 
furnace is used for solder reflow work, the circuit boards and 
solder joints tend to heat first. The components on the board 
are then heated by conduction. The circuit board, because it 
has a large surface area, absorbs the thermal energy more 
efficiently, then distributes this energy to the components. 
Because of this effect, the main body of a component may be 
up to 30 degrees cooler than the adjacent solder 
joints. 

STEP 4 STEP 5 
HEATING HEATING 
ZONES 3 & 6 ZONES 4 & 7 
"SOAK" 'SPIKE' 

STEP 6 
VENT 

SOLDER IS LIQUID FOR 
40 TO 60 SECONDS 
(DEPENDING ON 
MASS OF ASSEMBLy) 

I 

STEP 7 
COOLING 

TIME (3 TO 7 MINUTES TOTAL.) • T MAX 

Figure 2. Typical Solder Heating Profile 
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Footprints for Soldering 

0.037 
0:95 

0.039~ 
1.0~ 

1 0.031 1 ('n::6 ) 
--j 0.8 !-

SC-59 

~.Jill.-------..I r--- 3.8 ~ 

~I I 

0.037 
0:95 

0.035~ 
0.9~ 

1 0.031 1 (inches) 
--j 0.8!- mm 

0.248 
6.3 

SOT-23 

0.025 

0.65 

0.060 
1.52 

roooo~ 
0.275 0.155 

loooo-'t 
0~~4 -l ~-l I 0.050 r- 1.270 

SO-S, 50-14, 50-16 

o.~~ 0.9--*---= 

I 0.059 I I 0.059 I 
1.5 1.5 

~I 0.0281_ 

~ 0.7 r--
SC-70/S0T -323 

SOT-223 
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--I.MLI-0.036 

D D~ 0.048 _. 
I r-~!~-I I 
... ---- ~ • in~:S 

0.165 

SOO-123 
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Section 8 

Package Outline Dimensions 
and Applications Literature 

In Brief . .. 
The following pages contain information on the various 

packages referenced on the individual data sheets. Informa­
tion includes: a picture of the package, dimensions in both 
millimeters and inches, the various pinout configurations 
(styles), a cross reference for case numbers, old JEDEC 
''TO'' numbers, the new JEDEC "TO" designation, and foot­
print dimensions for surface mount packages to assist in 
board layout. 

Additionally, abstracts of available application notes are 
provided. Please contact your local sales representative for 
those desired. 
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Package Outline Dimensions 
Dimensions are in inches unless otherwise noted 

NOTES: 

~t-rn -ooBI--
+ C.- i i C 

f F-= --tp i L±l =~~:G 
L 

-~ K 

! 
-II-03PLI$100.36(O.0141®lrl A®I H®I 

~, f f 
CASE 22-03 

TO-1S (TO-206AA) 
METAL 

-+j~vr- C 
1, N 

N 

SECTION x-x 

1. DIMENSIONING AND TOLERANCINO PER ANSI 
Y14.5M,1982. 

2. CONmOWNG OIMENSION: INCH. 
3. DIM J MEASURED FROM DIM A MAXIMUM. 
4. DIM F APPUES BETWEEN DIM P ANO L DIM 0 

APPUES BETWEEN DIM LAND K MINIMUM. 
LEAD DIAMETER IS UNCONTROLLED IN DIM P 
AND BEYOND DIM K MINIMUM. 

5. DIM E INCWDES THE TAB THICKNESS. (TAB 
THICKNESS IS 0.51 (0.002) MAXIMUM). 

INCHES MILUMETEAS 
DIM MIN MIN MAX 
A O.21lll 0.230 521 5.84 
B 0.178 0.195 • .52 495 
C 0.170 0.210 422 5.33 
D 0.016 0.021 0.406 0.533 
E 0.030 0.762 
F 0.016 0.019 0.406 0.483 G O.100BSC 2.54BSC 
H 0.039 0.046 0.914 1.17 
J 0.828 0.048 0.711 1.22 
K 0.500 12.70 
L 0.250 6.35 
M 45°BSC 45"BSC 
N O.05OBSC 1.27BSC 
P 0.050 1.27 

STYLEt 
PIN 1. EMmER 

2. BASE 
3. COLLECTOR 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONmOWNG DIMENSION: INCH. 
3. CONTOUR OF PACKAGE BEYOND DIMENSION R 

IS UNCONmOLLED. 
•. DIMENSION F APPUES BETWEEN P AND L 

DIMENSION 0 AND J APPLY BETWEEN LAND K 
MINIMUM. LEAD DIMENSION IS UNCONmOLLED 
IN P AND BEYOND DIMENSION K MINIMUM. 

INCHES IItLUMETEAS 
DIM MIN MAX_ MIN MAX 
A 0.175 0.205 4.45 5.20 
B 0.170 0.210 422 5.33 
C 0.125 0.165 3.18 4.19 
D 0.016 0.022 0.41 0.55 
F 0.016 0.019 0.41 0.49 
G 0.045 0.055 1.15 1.39 
H 0.095 0.105 2.42 2.66 
J 0.015 0.020 0.3 0.50 
K 0.500 - 12.70 -

6.35 
N 0.060 0.105 2.04 2." 
P 0.100 2.54 
A 0.115 - 2.93 -
V 0.135 - 3.43 -

STYLE 1: STYLE 2: STYlE 3: STYLES: STYLE 7: STYLE 10: 
PIN 1. EMlffiR 

2. BASE 
3. COLLECTOR 

STYLE ,.: 
PIN1. EMmER 

2. COLLECTOR 
3. BASE 

PIN 1. BASE PIN 1. ANODE 
2. ANODe 

PIN 1. DRAIN 
2. EMITTER 
3. COLLECTOR 3 CATHODE 

STYLE 15: STYLE 17: STYLE 21: 
PIN 1. ANODE 1 PIN 1. COLLECTOR PIN 1. COLLECTOR 

2. CATHOOE 2. BASE 
3. ANODE2 3. EMITTER 

2. EMITTER 
3. BASE 

CASE 29-04 
(TO-226AA) TO-92 

PLASTIC 

2. SOURCE 
3. GATE 

STYLE 22: 
PIN 1. SOURCE 

~ GATE 
3. DRAIN 

PIN 1. SOURCE PIN 1. CATHODE 
2. DRAIN 2. GATE 
3. GATE 3. ANODE 

STYLE 23: STYLE 30: 
PIN 1. GATE PIN 1. DRAiN 

2. SOURCE 2. GATE 
3. DRAIN 3. SOURCE 

Package Outline Dimensions 
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PACKAGE OUTLINE DIMENSIONS (continued) 

-jAr-

L r r------.--t 
~ ~ --t---r-I- :~~G 
I F-: ----u I - -- 1 

x ~ x ------'-_ G 

_H 

-1~1-
1 N C 

SECTION X-X 
N 

STYLE l' STYLE 14: 
PIN 1. EMlrrEA PIN 1. EMITTER 

2. BASE 2. COLLECTOR 
3. COllECTOR 3. BASE 

NOTES: 

STYLE 22: 

1. DIMENSIONING AND TOlERANCING PER ANSI 
Y14.5M,1982. 

2 CONTROUING DIMENSION: INCH. 
3. CONTOUR OF PACKAGE BEYOND DIMENSION R 

IS UNCONTROLLEO. 
4. DIMENSION F APPLIES BETWEEN P AND L 

DIMENSIONS D AND J APPLY BElWEEN LAND K 
MIMtMUM LEAD DIMENSION IS 
UNCONTROLLED IN P AND BEYOND DIMENSION 
KMINIMUM. 

INCHES MilliMETERS 
DIM MIN MAX MIN MAX 
A 0.175 0205 4.44 521 
B 0.290 0.310 7.37 7." 
C 0125 0.165 3.18 4.19 
D 0.018 0.022 0.46 0.56 
F 0.016 0.Q19 0.41 0.48 
G 0.045 0.055 115 1.39 
H 0.095 0.105 2.42 2.66 
J 0.018 0.024 0.48 0.61 
K 0.500 12.70 

0250 6~5 

0.080 0.105 2.04 2.66 
0.100 2.54 

0.135 3.43 
.135 3.43 

PIN 1. SOURCE 
2. GATE 
3 DRAIN 

CASE 29-05 
(TO-226E) TO-92 
1-WATT PLASTIC 

~B 

o=-j 

~~ 
I IF t 
K 

L 

CASE 51-02 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

NOTES: 
1. PACKAGE CONTOUR OPTIONAL Wrn-llN DIA B 

AND LENGTH A. HEAT SWGS, IF ANY, SHALL 
BE INCWDED WITHIN THIS CYLINDER, BUT 
SHALL NOT BE SUBJECT TO THE MIN UMIT OF 
DIAB. 

2. LEAD DIA NOT CONTROllED IN ZONES F, TO 
AUOW FOR FLASH, lEAD FINISH BUILDUP, 
AND MINOR IRREGULARITIES OTHER THAN 
~EAT: -UGS. 

MILUMETERS INCHES 
DIM IIIN MAX IIIN MAX 
A 5.84 7.62 0.230 0.300 
B 2.16 2.72 0.065 0.107 
D 0.46 0.56 0.018 0.022 
F 127 0.050 
K 25.40 38.10 1.000 1.500 

All JEDEC dimensIOnS and notes apply 
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PACKAGE OUTLINE DIMENSIONS (continued) 

fR ~ 
~--s-t t t 

~--~ ~ L 

E - --"Jt 

-----.II.- D3PL 

C 

f 
K 

* 

SEATING 
PLANE 

1$10 0.36 (o.o14)®ITI A® I H®I 

~H- 1 3 G 

M J'.:) 

CASE 79-D4 
(T0-2OSAD) TO-39 

METAL 

~ r 
SECTION X-X 

CASE 182-02 
(T0-22BAC) TO-92 

PLASTIC 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROWNG DIMENSION: INCH. 
3. DIMENSION J MEASURED FROM DIMENSION A 

MAXIMUM • 
•. DIMENSION B SHALL NOT VARY MORE THAN 

0.25 (0.01D) IN ZONE R. THIS ZONE 
CONTROlLED FOR AUTOMATIC HANDUNG. 

5. DIMENSION F APPUES BElWEEN DIMENSION 
P AND L DIMENSION D APPUES BElWEEN 
DIMENSION LAND K MINIMUM. LEAD 
DIAMETER IS UNCONTROlLED IN DIMENSION 
P AND BEYOND DIMENSION K MINIMUM. 

INCHES IIWMETERS 
DIM MIN MAX MIN MAX 
A 0.335 0.370 8.51 9.39 
B 0.305 0.335 7.75 8.50 
C 0.240 O.UO 6.10 6.80 
D 0.018 0.021 0.41 0.53 
E 0.009 0.041 0.23 1.04 
F 0.D16 0.019 0.41 0.48 
G O.200BSC 5.08BSC 
H 0.028 0.034 0.72 0.86 
J 0.029 0.045 0.74 1.1. 
K 0.500 0.750 12.70 19.05 
L 0.250 8.35 
M 45° BSC 45°BSC 
P 0.050 1.27 
R 0.100 2.54 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLUNG DIMENSION: INCH. 
3. CONTOUR OF PACKAGE BEYOND ZONE R IS 

UNCONTROLLED. 
•. DIMENSION F APPUES BElWEEN P AND L 

DIMENSIONS D AND J APPLY BElWEEN LAND K 
MINIMUM. LEAD DIMENSION IS 
UNCONTROLLED IN P AND BEYOND DIM K 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 0.175 0205 '.45 521 
B 0.170 0.210 '.32 5.33 
C 0.125 0.165 3.18 ~19 

D 0.016 0.022 0.41 0.56 
F 0,016 0.019 0,407 0.482 
G 0.050BSC 1.27BSC 
H O.IOOBSC 2.54BSC 

0.01' 0016 0.36 0.41 
K 0.500 12,Ill 
L 0.250 
N .080 .105 ~03 2.66 
P .050 1.27 
R 0.115 2.93 
'I O.ns .4 

STYLE 1: 
PIN 1. ANODE 

2. CATHODE 

Package Outline Dimensions 
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PACKAGE OUTLINE DIMENSIONS (continued) 

STYLE 6: STYLE 8: STYLE 9: 
PIN 1 BASE PIN 1. ANODE PIN 1. ANOOE 

2 EMrTTER 2. NO CONNECTION 2. ANODE 
3. COLLECTOR 3. CATHODE 3. CATHODE 

NOTES: 

STYLE 10: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982. 

2. CONTROlLING DIMENSION: MILLIMETER 

IIILl./METERS 
0111 MIN !lAX 
A 2. 3.04 
B 1.20 1.39 
C 0.9 1.11 
D 0.37 O. 
G 1.78 2.04 
H 0.013 0.10 
J 0.085 0.177 
K 0.45 0.60 
L O. 1.02 
S 2.10 2.50 
V 0.45 .60 

IHCIIES 
MIN IIAX 

0.1104 0.1204 
.0472 0.0551 

0.0335 0.0440 
0.0150 0.0200 
0.0701 00807 
0.0005 0.0040 
0.0034 0.0070 
.0180 .0236 
.0350 0.0401 
.0830 0.0984 

Q.01n 0.0236 

STYLE 11: 
PIN 1. DRAIN PIN 1. ANODE 

2. SOURCE 2. CATHODE 
3. GATE 3. CATHODE-ANODE 

STYLE 12: STYLE 18: STYLE 19: STYLE 21: 
PIN 1. CATHODE 

2. CATHODE 
3. ANODE 

STYLE 1: 
PIN 1. EMITIER 

2. BASE 
3 COLLECTOR 

PIN 1. NO CONNECTION 
2 CATHODE 

PIN 1 CATHODE 
2 ANODE 

PIN 1. GATE 
2. SOURCE 

3. ANODE 

STYLE 2' 
PIN 1. N.C. 

2. ANODE 

CASE 318-07 
TO-236AB (SOT-23) 

PLASTIC 

STYLE 3: 
PIN1. ANODE 

2. ANODE 
3. CATHODE 3. CATHODE 

CASE 3180-03 
(SC-S9) 

3. CATHODE-ANODE 3. DRAIN 

NOTES: 
1 DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROlliNG DIMENSION: MILLIMETER. 

INC 

1 0.03841 . 

STYLE 4: STYLES: 
PINt NC PIN 1. CATHODE 

2. CATHODE 2. CATHODE 
3. ANODE 3. ANODE 

Motorola Small-Signal Transistors, FETs and Diodes Device Data Package Outline Dimensions 
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PACKAGE OUTLINE DIMENSIONS (continued) 

101 0.08 (0.003) I H' f 

STYLE 1: 
PIN t BASE 

2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 

o 
I--.--ir--... " SEATING 

Package Outline Dimensions 
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PLANE 

STYLE 2: 
PIN 1. ANODE 

2. CATHODE 
3. NC 
4. CATHODE 

CASE 31 BE-04 
(SOT-223) 

CASE 37D-01 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROWNG DIMENSION: INCH. 

STYLE 3: 
PIN 1. GATE 

~ DRAIN 
a SOURCE 
~ DRAIN 

IN HEI 

A 0.249 0.2«1 
B 0.130 0.145 
C 0.060 0.068 1.75 
D 0.024 0.035 0.89 
F 0.115 0.128 a20 
G 0.087 0.094 ~40 
H O.oooe 0.0040 0.100 
J 0.009 0.014 0.35 
K 0.060 0.078 2.00 
L 0.033 0.041 1.05 
• 0" 10' 10" 
S 0.284 0.287 7.30 

NOTES: 
t DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONlROWNG DIMENSION: INCH. 
3. D1MENSION J PRIOR TO SOLDER DIP PLATING. 

MWMETERS 

4.70 5.02 
8.10 7.11 
4.06 5.08 
0.38 0.63 

2.54BSC 
0.30 0.43 
2.79 3.81 

7.828SC 
OC' 15° 
0~1 tn 

STYLE 1: 
PIN t DRAIN 

2. GATE 
3. SOURCE 
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PACKAGE OUTLINE DIMENSIONS (continued) 

L[[JTI] 
r:b::-1lr:o'"".05::-:(O'-:.OO""'2'"'") I---'Tl= 
.. . H 

STYl£2: 
PIN 1. ANODE 

2. N.C. 
3. CATHODE 

STYLE 3: S1YLE4: 
PIN 1. BASE PIN 1. CATHODE 

~ EMITTER 2. CATHODE 
3. COLLECTOR 3. ANODE 

CASE 419-02 
(SC-701S0T-323) 

CASE 425-04 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

V14.5M, 1982. 
2. CONTROWNG DIMENSION: INCH . 

. 425 REF 
1.65BSC 

10.1 0.087 2.20 
10.1 0.016 0.40 

STYLES: 
PIN 1. ANODE 

2. ANODE 
3. CATHODE 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROWNG DIMENSION: INCH. 

INCItES 
DIM 111M 
A 0.055 
B 0.100 
C 0.037 
D 0.020 
E O.OU) 
H 0.000 
J 
K 0.140 

STYLE 1: 
PIN 1. CATHODE 

2. ANODE 

MAX 
0.071 
0.112 
0.053 
0.028 

0.004 
0.006 
0.152 

IILUliErERS 
liN MAX 
1.40 1.80 
2.55 ~65 

0.95 1.35 
0.50 0.70 
025 
0.00 0.10 
- 0.15 

3.55 3.65 

Package Outline Dimensions 
8-7 



PACKAGE OUTLINE DIMENSIONS (continued) 

04 at 
o B 
1 7 --.l 

I. A .1 

Package Outline Dimensions 
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CASE 646-06 
(14·PIN DIP) 

PLASTIC 

CASE648.fl8 
(16-PIN DIP) 

PLASTIC 

NOTES: 
1. L£ADS WITHIN 0.13 (O.OO5) RAll1US OF TllUE 

POS1TION AT SEATING PlANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION L TO CENTER OF L£ADS WHEN 
FORMED PARALLEL 

3. DIMENSION a DOES NOT INCWDE MOLD 
FLASH. 

4. ROUNDED CORNERS OPTIDNAL 

H 
J 
K 

MWMETERS 
Mil 

18.16 19.56 
8.10 MO 
3.89 ~56 

0.015 0~8 0.53 
O. U)2 1.78 

0.100 2.54BSC 
0.052 ~ AI 
~OOB 0.20 0.38 
O. 5 2.92 &43 
O~ 7.62BSC .. .. 

0.015 0.039 0 1.0 

&lYLE 1: 
PIN 1. COLLECTOR 

~ BASE 
3. EMITTER 
4. NO CONNECTION 
5. EMITTER 
6. BASE 
7. COLLECTOR 
8. COLLECTOR 
9. BASE 

10. EMITTER 
11. NO CONNECTION 
12. EMItTER 
13. BASE 
14. COLLECTOR 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M.l~ 
2. CONTllOWNG DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF L£ADS WHEN 

FORMED PARALLEL 
4. DIMENSION B DOES NOT INCWDE MOLD FLASH. 
5. ROUNDED CORNERS OPTIONAL 

41 0270 6:35 6.95 

""3.' 

0.295 0.305 
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PACKAGE OUTLINE DIMENSIONS (continued) 

r:pr- ~t:l c::J c::J c::J c::J c::J Cl ;~ 
L:!:.J - - .. - .. - - -TT 
~ JLD16PL 

r..1 $::'-1170.25=(0.-::-:01=-0) ®=-r.1 r:TI-=B";;;®"I--:A-;:;®"1 

CASE 751A-03 
(S0-14) 

PLASTIC 

CASE 751B-05 
(S0-16) 

PLASTIC 

Motorola Small-Signal Transistors. FETs and Diodes Device Data 

STYLE~ 
Pili 1. 

2. 
a .. 
~ 

a 
7. 
B. 
9. 

10. 
11. 
12. 
13. 
I •. 
15. 
16. 

NOlES: 
1. DIIIENSIONING AND TOLERANCING PER 

ANSI Yl'.5M, 1982. 
2. CONTROLUNG DIMENSION: MIWMETER. 
3. DIMENSIONS A AND B DO NOT INCWDE 

MOLD PROTRUSION • 
•. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PEA SIDE. 
~ DIMEMIION D ODES NOT IIICWOE DAMBAR 

PROTRUSION. AUOWABLE IlAMBAR 
PROTRUSION SHALLBE 0.127 (0.006) TOTAL 
IN EXCESS OF THE 0 DIMENSION AT 
MAXIMUM UATER1AL CONDITION. 

• ETERS INCH 
DIM IIIN !lAX 
A a55 B.75 
B a80 '.00 
C 1.35 1.75 
D 0.36 0.48 
F 0.40 1.25 
G 127BSC 
J 0.19 US 0.008 
K 0.10 0.25 0.0Q4 
• Il" 7" 0' 
P 5.88 B.20 0.2211 
A 0.25 0.50 0.010 

NOTES; 

COLLECTOR, DYE" 
COLLECTOR, " 
COLLECTOR,12 
COLLECTOR,12 
COLLECTOR,13 
COLLECTOR, 13 
COUECTOR,'" 
COLLECTOR,I4 
BASE,'" 
EMITTER,'" 
BASE. 13 
EMITIER,13 
BASE,12 
EMlffiR,12 
BASE. 11 
EMITTER, 11 

1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M. 1982. 

2. CDNTROWNG DIMENSION: MIWMETEA. 
3. DIMENSIONS AAND B DO NOT INCWDE 

MOLD PROTRUSION. 
•. MAX1IIUM MOLD PROTRUSION 0.15 (0.006) 

PEA SIDE. 
5. DIMENSION D ODES NDT INCWOE DAMBAR 

PROTRUSION. AUOWABLE DAMBAR 
PROTRUSION SHALL BE 0.127 (0.005) TOTAL 
IN EXCESS OF THE D DIMENSION AT 
MAXIMUM MATERIAL CONDITION. 

~TERS HEI 
DIM !lAX 
A 9.80 10.00 0.386 0.393 
B 3.80 '.00 0.150 0.157 
C 1.35 1.75 0.054 0.068 
D .49 0.014 0.019 
F .40 1. 0.018 0.049 
G 127BSC O.05OBSC 
J 0.19 0.25. 0.008 0.009 
K .004 0 

• 7" 0' 7" 
P 5.80 &20 om .JL2K 

Package Outline Dimensions 
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Application Note Abstracts 
(Application Notes are available upon request.) 

AN-211A Field-Effect Transistors In 
Theory and Practice 

The basic theory, construction, and application information 
for field-effect transistors (junction and MOS types) are 
given. Also included are some typical test circuits for 
checking FET parameters. 

AN-220 FETs in Chopper and Analog 
Switching Circuits 

The author's discussion begins with elementary chopper 
and analog switch characteristics - explores fully the 
considerations required for conventional FET chopper and 
analog switch design - and finishes with specific FET circuit 
examples. 

Applications Literature 
8-10 

AN-847 Tuning Diode Design 
Techniques 

Tuning diodes are voltage variable capacitors employing 
the junction capacitance of a reverse biased PN junction. 
This note presents a simplified theory of tuning diodes and 
discusses a number of considerations to be employed in 
designs using tuning diodes. 

AR-300 The Hidden Dangers of 
Electrostatic Discharge - ESD 

An in-depth discussion on damage from electrostatic 
discharge to electronic components. This article covers 
topics such as ESD Generation, electronic component 
susceptibility to ESD, typical electrostatic voltages, damage 
to specific families of electroniC devices, static-sensitive 
components, static protection, combatting ESD and the 
importance of electronic component packaging. 
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Section 9 

Reliability and 
Quality Assurance 

In Brief ... 
This Reliability and Quality Assurance section contains 

information on the measurement of outgoing quality, reliabil­
ity data analysis, reliability stress test descriptions with the 
applicable MIL-STD methods, statistical process control 
techniques, and quality assurance processing. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data Reliability and Quality Assurance 
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OUTGOING QUALITY 

The Average Outgoing Quality (AOQ) refers to the number 
of devices per million that are outside the specification limits at 
the time of shipment. Motorola has established Six Sigma 
goals to improve its outgoing quality and will continue its "error 
free performance" focus to achieve the goal of zero parts per 
million (PPM) outgoing quality. Motorola's present quality level 
has lead to vendor certification programs with many of its 
customers. These programs ensure a level of quality which 
allows the customer either to reduce or eliminate the need for 
incoming inspections. 

AVERAGE OUTGOING QUALITY (AOQ) CALCULATION 

AOQ = (Process Average) • (Probability of Acceptance) 
• (106) (PPM) 

• Process Average = Total Projected Reject ~evices 
Total Number of Devices 

• Projected Reject Devices = Defects in Sample. Lot Size 
Sample Size 

• Total Number of Devices = Sum of units in each 
submitted lot 

• Probability of Acceptance = 1 _ Number of Lots Rejected 
Number of Lots Tested 

• 106 = Conversion to parts per million (PPM) 

RELIABILITY DATA ANALYSIS 

Reliability is the probability that a semiconductor device 
will perform its specified function in a given environment for a 
specified period. In other words, reliability is quality over time 
and environmental conditions. The most frequently used 
reliability measure for semiconductor devices is the failure 
rate ( A. ). The failure rate is obtained by dividing the number 
of failures observed by the product of the number of devices 
on test and the interval in hours, usually expressed as percent 
per thousand hours or failures per billion device hours (FITS). 
This is called a point estimate because it is obtained from 
observations on a portion (sample) of the population of 
devices. 

To project from the sample to the population in general, 
one must establish confidence intervals. The application of 
confidence intervals is a statement of how "confidenf' one is 
that the sample failure rate approximates that for the 
population. To obtain failure rates at different confidence 
levels, it is necessary to make use of specific probability 
distributions. The chi-square (X2) distribution that relates 
observed and expected frequencies of an event is frequently 
used to establish confidence intervals. The relationship 
between failure rate and the chi-square distribution is as 
follows: 

x2 (n, d. I.) 

2t 

where: 
A. = failure rate 

X2 = chi-square function 
n = (100 - confidence level) 1100 

dJ. = degrees of freedom = 2r + 2 

r = number of failures 

t = device hours 
Chi-square values for 60% and 90% confidence intervals 

for up to 12 failures are shown below. 

Chi-Square Table 

Chi-Square Distribution Function 

60% Confidence Level 90% Confidence Level 

No. Fails X2 Quantity No. Fails X2 Quantity 

0 1.833 0 4.605 
1 4.045 1 7.779 
2 6.211 2 10.645 
3 8.351 3 13.362 
4 10.473 4 15.987 
5 12.584 5 18.549 
6 14.685 6 21.064 
7 16.780 7 23.542 
8 18.868 8 25.989 
9 20.951 9 28.412 
10 23.031 10 30.813 
11 25.106 11 33.196 
12 27.179 12 35.563 

The failure rate of semiconductor devices is inherently low. 
As a result, the industry uses a technique called accelerated 
testing to assess the reliability of semiconductors. During 
accelerated tests, elevated stresses are used to produce, in a 
short period, the same failure mechanisms as would be 
observed under normal use conditions. The objective of this 
testing is to identify these failure mechanisms and eliminate 
them as a cause of failure during the useful life of the product. 

Temperature, relative humidity, and voltage are the most 
frequently used stresses during accelerated testing. Their 
relationship to failure rates has been shown to follow an Eyring 
type of equation of the form: 

A. = A exp(<I>kD • exp(B/RH) • exp(CE) 

Where A, B, C, <I> , and k are constants, more specifically B, 
C, and <I> are numbers representing the apparent energy at 
which various failure mechanisms occur. These are called 
activation energies. "T' is the temperature, "RH" is the relative 
humidity, and "E" is the electric field. The most familiar form of 
this equation (shown on following page) deals with the first 
exponential term that shows an Arrhenius type relationship of 
the failure rate versus the junction temperature of semicon­
ductors. The junction temperature is related to the ambient 
temperature through the thermal resistance and power 
dissipation. Thus, we can test devices near their maximum 
junction temperatures, analyze the failures to assure that they 
are the types that are accelerated by temperature and then by 
applying known acceleration factors, estimate the failure rates 
for lower junction temperatures. 

The Table on the following page shows observed activa­
tion energies with references. 

Reliability and Quality Assurance 
9-2 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 



Table 1 - Time Dependent Failure Mechanisms in Semiconductor Devices 
(Applicable to Discrete and Integrated Circuits) 

Typical 
Device Relevant Accelerating Activation 

Association Process Factors Factors Energy in eV Model Reference 

Silicon Oxide Surface Charges Mobile Ions T, V 
Silicon-Silicon Inversion, Accumulation EN,T 
Oxide Interface 

Oxide Pinholes EN,T E, T 

Dielectric Breakdown EN,T E, T 
(TDDB) 

Charge Loss E,T E,T 

Metallization Electromigration T, J J, T 

Grain Size 

Doping 

Corrosion Contamination H,EN,T 
Chemical 
Galvanic 
Electrolytic 

Bond and Other Intermetallic T, Impurities T 
Mechanicallnterfaoes Growth Bond Strength 

Various Wafer Fab, Metal Scratches T,V' T,V 
Assembly, and Mask Defects, etc. 
Silicon Defects Silicon Defects 

V = voltage; E = electric field; T = temperature; J = current density; H = humidity 

NO, REFERENCE 

1A 

18 

1.0 eV activation for leakage type failures. 
Fitch, W.T.; Greer, P.; Lycoudes, N.; -Data to Support a.001°k/l000 Hours for 
Plastic IIC's." Case study on linear product shows 0 914 eV activation energy 
which is withm experimental error of 0.9 To 1.3 eV activation energies for re­
verSible leakage (inversion) failures reported In the literature. 

0.7 To 1.0 eV lor oXide defect failures for bipolar structures. This is under 

Investigation subsequent to Information obtamed from 1984 Wafer Reliability 
Symposium, especially for bipolar capacitors With Silicon nrtnde as dielectric. 

1 0 eV activation for leakage type failures. 

Peck, D.S.; ~New Concerns About Integrated Circuit Reliability''' 1978 Reli­
ability Physics Symposium. 

0.36 eV for dielectric breakdown for MOS gate structures 

Domangue, E.; Rivera, A.; Shedard, C.; "Reliability Predlchon USing Large 
MOS CapacitorsW

, 1984 Reliability Physics Symposium. 

0.3 eV lor dielectric breakdown. 

Crook, D.L.; "Method of Determining Reliability Screens for Time Dependent 
Dielectric Breakdownw, 1979 Reliability PhysIcs Symposium. 

1.0 eV for dielectnc breakdown. 

Hokan, Y; at at.; IEDM Technical Digest, 1982. 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 
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11 

12 

13 

1.0 Fitch, etal. lA 
Peck 2 

0.7 - 1.0 (Bipolar) 1984WRS 18 
1.0 (Bipolar) Hokari, et al. 5 

0.3-0.4 (MOS) Domangue, et al. 3 
0.3 (MOS) Crook,D.L. 4 

0.8 (MOS) Gear,G. 11 
EPROM 

1.0 Nanda, et al. 6 
Large grain AI 
(glassivated) 

0.5 Black, J.R. 7 
Small grain AI 

0.7 Black, J.R. 12 
Cu-AI/Cu-Si-AI 
(sputtered) 

0.6-0.7 Lycoudes, N.E. 8 
(for electrolysis) 
EN may have 
thresholds 

1.0 (Au/AI) Fitch, W.T. 9 

0.5-0.7 eV Howes, etal. 10 

0.5eV MMPD 13 

1 0 eV for large gram AI-S; (compared to line width). 

Nanda, Vangard, Gj-P; Black, J.R., "Electromigration of AI-Si Alloy Films", 
1978 Amiability Physics Symposium. 

0.5 eV AI, 0.7 eV Cu-AlsmaU grain (compared to Ime Width). 

Black, J.R.; "Current Limitation of Thin Film Conductor" 1982 Reliability Phys­
ics Symposium. 

0.65 eV for corrosion mechanism. 

Lycoudes, N.E.; "The Reliability of Plastic Microcircuits in MOist Environ­
ments", 1978 Solid State Technology. 

1.0 eV for open wires or high resistance bonds at the pad bond due to Au-AI 
mtermetallIcs. 

FItCh, W.T.; "Operating LIfe vs Junction Temperatures for Plastic Encapsu­
lated I/C (1.5 mil Au wire)", unpublished report. 

0.7 eV for assembly related defects. 

Howes, M.G.; Morgan, D V.; "Rellabilfty and Degradation, Semiconductor De­
vices and Circuits" John Wiley and Sons, 1981. 

Gear, G.; "FAMOUS PROM Reliability Studies", 1976 Reliability PhYSics 
Symposium 

Black, J.R.: unpublished report. 

Motorola Memory Products DiviSion; unpubliShed report. 
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THERMAL RESISTANCE 

Circuit performance and long-term circuit reliability are 
affected by die temperature. Normally, both are improved by 
keeping the junction temperatures low. 

Electrical power dissipated in any semiconductor device is 
a source of heat. This heat source increases the temperature 
of the die about some reference pOint, normally the ambient 
temperature of 25° C in still air. The temperature increase, 
then, depends on the amount of power dissipated in the circuit 
and on the net thermal resistance between the heat source 
and the reference point. 

The temperature althe junction depends on the packaging 
and mounting system's ability to remove heat generated in the 
circuit from the junction region to the ambient environment. 
The basic formula for converting power dissipation to esti­
mated junction temperature is: 

(1) 

or: 

(2) 

where: 
T J = maximum junction temperature 
TA = maximum ambient temperature 
PD = calculated maximum power dissipation, including 

effects of external loads when applicable 
eJC = average thermal resistance, junction to case 
eCA = average thermal resistance, case to ambient 
eJA = average thermal resistance, junction to ambient 

This Motorola recommended formula has been approved 
by RADC and DESC for calculating a "practical" maximum 
operating junction temperature for MIL-M-3851 0 devices. 

Only two terms on the right side of equation (1) can be 
varied by the user, the ambient temperature and the device 
case-to-ambientthermal resistance, eCA. (To some extentthe 
device power dissipation can also be controlled, but under 

recommended use the supply voltage and loading dictate a 
fixed power dissipation.) Both system airflow and the package 
mounting technique affect the eCA thermal resistance term. 
eJC is essentially independent of air flow and extemal 
mounting method, but is sensitive to package material, die 
bonding method, and die area. 

For applications where the case is held at essentially a 
fixed temperature by mounting on a large or temperature 
controlled heat sink, the estimated junction temperature is 
calculated by: 

TJ = TC + PD (eJC) (3) 

where TC = maximum case temperature and the other 
parameters are as previously defined. 

AIRFLOW 

Air flow over the packages (due to a decrease in eCA) 
reduces the thermal resistance of the package, therefore 
permitting a corresponding increase in power dissipation 
without exceeding the maximum permissible operating junc­
tion temperature. 

For thermal resistance values for specific packages, see 
the Motorola Data Book or Design Manual for the appropriate 
device family or contact your local Motorola sales office. 

ACTIVATION ENERGY 

Determination of activation energies is accomplished by 
testing randomly selected samples from the same population 
at various stress levels and comparing failure rates due to the 
same failure mechanism. The activation energy is repre­
sented by the slope of the curve relating to the natural 
logarithm of the failure rate to the various stress levels. 

In calculating failure rates, the comprehensive method is 
to use the specific activation energy for each failure mecha­
nism applicable to the technology and circuit under consider­
ation. A common alternative method is to use a single 
activation energy value for the "expected" failure mecha­
nism(s) with the lowest activation energy. 

Reliability and Quality Assurance 
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RELIABILITY STRESS TESTS 
The following are brief descriptions of the reliability tests com­
monly used in the reliability monitoring program. Not all of the 
tests listed are performed by each product division. Other 
tests may be performed when appropriate. 

AUTOCLAVE (aka, PRESSURE COOKER) 
Autoclave is an environmental test which measures device re­
sistance to moisture penetration and the resultant effects of 
galvanic corrosion. Autoclave is a highly accelerated and de­
structive test. 

TypicaITestConditions:TA= 121° C, rh= 100%, p= 
1 atmosphere (15 psig), t = 24 to 96 hours 
Common Failure Modes: Parametric shifts, high 
leakage and/or catastrophic 
Common Failure Mechanisms: Die corrosion or con­
taminants such as foreign material on or within the 
package materials. Poor package sealing 

HIGH HUMIDITY HIGH TEMPERATURE BIAS 
(H3TB, H3TRB, or THB) 
This is an environmental test designed to measure the mois­
ture reSistance of plastic encapsulated devices. A bias is 
applied to create an electrolytic cell necessary to accelerate 
corrosion of the die metallization. With time, this is a cata­
strophically destructive test. 

Typical Test Conditions: TA = 85° C to 95° C, rh = 
85% to 95%, Bias = 80% to 100% of Data Book max. 
rating, t = 96 to 1750 hours 
Common Failure Modes: Parametric shifts, high 
leakage and/or catastrophic 
Common Failure Mechanisms: Die corrosion or con­
taminants such as foreign material on or within the 
package materials. Poor package sealing 

HIGH TEMPERATURE GATE BIAS (HTGB) 
This test is designed to electrically stress the gate oxide under 
a bias condition at high temperature. 

Typical Test Conditions: TA = 1500 C, Bias = 80% of 
Data Book max. rating, t = 120 to 1000 hours 
Common Failure Modes: Parametric shifts in gate 
leakage and gate threshold voltage 
Common Failure Mechanisms: Random oxide de­
fects and ionic contamination 
Military Reference: MIL-STD-750, Method 1042 

HIGH TEMPERATURE REVERSE BIAS (HTRB) 

The purpose of this test is to align mobile ions by means of 
temperature and voltage stress to form a high-current leakage 

path between two or more junctions. 

Typical Test Conditions: TA = 850 C to 150° C, Bias = 
80% to 100% of Data Book max. rating, t = 120 to 1000 

hours 
Common Failure Modes: Parametric shifts in leak­

age and gain 
Common Failure Mechanisms: Ionic contamination 
on the surface or under the metallization of the die 
Military Reference: MIL-STD-750, Method 1039 

HIGH TEMPERATURE STORAGE LIFE (HTSL) 

High temperature storage life testing is performed to acceler­
ate failure mechanisms which are thermally activated through 
the application of extreme temperatures. 

Typical Test Conditions: TA = 70° C to 200° C, no 

bias, t = 24 to 2500 hours 

Common Failure Modes: Parametric shifts in leak­
age and gain 
Common Failure Mechanisms: Bulk die and diffu­
sion defects 

Military Reference: MIL-STD-750, Method 1032 

INTERMITTENT OPERATING LIFE (IOL) 

The purpose of this test is the same as SSOL in addition to 
checking the integrity of both wire and die bonds by means of 

thermal stressing. 

Typical Test Conditions: TA = 25° C, Pd = Data Book 

maximum rating, Ton = Toff=Ll of50°Cto 100°C, t=42 

to 30000 cycles 
Common Failure Modes: Parametric shifts and cata­
strophic 

Common Failure Mechanisms: Foreign material, 
crack and bulk die defects, metallization, wire and die 

bond defects 
Military Reference: MIL-STD-750, Method 1037 
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MECHANICAL SHOCK 

This test is used to determine the ability of the device to with­
stand a sudden change in mechanical stress due to abrupt 
changes in motion as seen in handling, transportation, or ac­
tual use. 

Typical Test Conditions: Acceleration = 1500 g's, 
Orientation = X 1, Y 1, Y 2 plane, t = 0.5 msec, Blows = 5 
Common Failure Modes: Open, short, excessive 
leakage, mechanical failure 
Common Failure Mechanisms: Die and wire bonds, 
cracked die, package defects 
Military Reference: MIL-STD-750, Method 2015 

MOISTURE RESISTANCE 

The purpose of this test is to evaluate the moisture resistance 
of components under temperature/humidity conditions typical 
of tropical environments. 

Typical Test Conditions: TA = -100 C to 65° C, rh = 
80% to 98%, t = 24 hours/cycle, cycle = 10 
Common Failure Modes: Parametric shifts in leak­
age and mechanical failure 
Common Failure Mechanisms: Corrosion or con­
taminants on or within the package materials. Poor 
package sealing 
Military Reference: MIL-STD-750, Method 1021 

SOLDERABILITY 

The purpose of this test is to measure the ability of device 
leads/terminals to be soldered after an extended period of 
storage (shelf life). 

Typical Test Conditions: Steam aging = 8 hours, Flux 
= R, Solder = Sn60, Sn63 
Common Failure Modes: Pin holes, dewetting, non­
wetting 
Common Failure Mechanisms: Poor plating, con­
taminated leads 
Military Reference: MIL-STD-750, Method 2026 

SOLDER HEAT 

This test is used to measure the ability of a device to withstand 
the temperatures as may be seen in wave soldering opera­
tions. Electrical testing is the endpoint criterion for this stress. 

Typical Test Conditions: Solder Temperature = 2600 

C, t = 10 seconds 
Common Failure Modes: Parameter shifts, mechani­
cal failure 
Common Failure Mechanisms: Poor package de­
sign Military Reference: MIL-STD-750, Method 2031 

STEADY STATE OPERATING LIFE (SSOL) 
The purpose of this test is to evaluate the bulk stability of the 
die and to generate defects resulting from manufacturing ab­
errations that are manifested as time and stress-dependent 
failures. 

Typical Test Conditions: TA = 250 C, Po = Data Book 
maximum rating, t = 16 to 1000 hours 
Common Failure Modes: Parametric shifts and cata­
strophic 
Common Failure Mechanisms: Foreign material, 
crack die, bulk die, metallization, wire and die bond de­
fects Military Reference: MIL-STD-750, Method 
1026 

TEMPERATURE CYCLING (AIR TO AIR) 
The purpose olthis test is to evaluate the ability olthe device to 
withstand both exposure to extreme temperatures and transi­
tions between temperature extremes. This testing will also ex­
pose excessive thermal mismatch between materials. 

Typical Test Conditions: TA = -650 C to 2000 C, cycle 
= 10 to 4000 
Common Failure Modes: Parametric shifts and cata­
strophic 
Common Failure Mechanisms: Wire bond, cracked 
or lifted die and package failure 
Military Reference: MIL-STD-750, Method 1051 

THERMAL SHOCK (LIQUID TO LIQUID) 
The purpose of this test is to evaluate the ability olthe device to 
withstand both exposure to extreme temperatures and sud­
den transitions between temperature extremes. This testing 
will also expose excessive thermal mismatch between materi­
als. 

Typical Test Conditions: TA = 0° C to 100° C, cycle = 
20 to 300 
Common Failure Modes: Parametric shifts and cata­
strophic 
Common Failure Mechanisms: Wire bond, cracked 
or lifted die and package failure 
Military Reference: MIL-STD-750, Method 1056 

VARIABLE FREQUENCY VIBRATION 
This test is used to examine the ability of the device to with­
stand deterioration due to mechanical resonance. 

Typical Test Conditions: Peak acceleration = 20 g's, 
Frequency range = 20 Hz to 20 KHz, t = 48 minutes. 
Common Failure Modes: Open, short, excessive 
leakage, mechanical failure 
Common Failure Mechanisms: Die and wire bonds, 
cracked die, package defects 
Military Reference: MIL-STD-750, Method 2056 
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STATISTICAL PROCESS CONTROL 
Communication Power & Signal Technologies Group 

(CPSTG) is continually pursuing new ways to improve product 
quality. Initial design improvement is one method that can be 
used to produce a superior product. Equally important to 
outgoing product quality is the ability to produce product that 
consistently conforms to specification. Process variability is 
the basic enemy of semiconductor manufacturing since it 
leads to product variability. Used in all phases of Motorola's 
product manufacturing, STATISTICAL PROCESS CONTROL 
(SPC) replaces variability with predictability. The traditional 
philosophy in the semiconductor industry has been adher­
ence to the data sheet specification. Using SPC methods 
assures the product will meet specific process requirements 
throughout the manufacturing cycle. The emphasis is on 
defect prevention, not detection. Predictability through SPC 
methods requires the manufacturing culture to focus on 
constant and permanent improvements. Usually these im­
provements cannot be bought with state-of-the-art equipment 
or automated factories. With quality in deSign, process and 
material selection, coupled with manufacturing predictability, 
Motorola can produce world class products. 

The immediate effect of SPC manufacturing is predictabil­
ity through process controls. Product centered and distributed 
well within the product specification benefits Motorola with 
fewer rejects, improved yields and lower cost. The direct 
benefit to Motorola's customers includes better incoming 
quality levels, less inspection time and ship-to-stock capabili­
ty. Circuit performance is often dependent on the cumulative 
effect of component variability. lightly controlled component 
distributions give the customer greater circuit predictability. 
Many customers are also converting to just-in-time (JIT) 
delivery programs. These programs require improvements in 
cycle time and yield predictability achievable only through 
SPC techniques. The benefit derived from SPC helps the 
manufacturer meet the customer's expectations of higher 
quality and lower cost product. 

Ultimately, Motorola will have Six Sigma capability on all 
products. This means parametric distributions will be centered 
within the specification limits with a product distribution of plus 
or minus Six Sigma about mean. Six Sigma capability, shown 
graphically in Figure 1, details the benefit in terms of yield and 
outgoing quality levels. This compares a centered distribution 
versus a 1.5 sigma worst case distribution shift. 

New product development at Motorola requires more 
robust design features that make them less sensitive to minor 
variations in processing. These features make the implemen­
tation of SPC much easier. 

A complete commitment to SPC is present throughout 
Motorola. All managers, engineers, production operators, 
supervisors and maintenance personnel have received multi­
ple training courses on SPC techniques. Manufacturing has 
identified numerous wafer processing and assembly steps 
considered critical to the processing of semiconductor prod­
ucts. Processes, controlled by SPC methods, that have 
shown significant improvement are in the diffusion, photolitho­
graphy and metallization areas. 

Standard Deviations From Mean 

Distribution Centered 
At ± 3 a 2700 ppm defective 

99.73% yield 

At ± 4 a 63 ppm defective 
99.9937% yield 

At ± 5 a 0.57 ppm defective 
99.999943% yield 

At ± 6 a 0.002 ppm defective 
99.9999998% yield 

Distribution Shifted ± 1.5 

66810 ppm defective 
93.32% yield 

6210 ppm defective 
99.379% yield 

233 ppm defective 
99.9767% yield 

3.4 ppm defective 
99.99966% yield 

Figure 1 - AOQL and Yield from a Normal 
Distribution of Product With 6a Capability 

To better understand SPC principles, brief explanations 
have been provided. These cover process capability, imple­
mentation and use. 

PROCESS CAPABILITY 

One goal of SPC is to ensure a process is CAPABLE. 
Process capability is the measurement of a process to 
produce products conSistently to specification reqUirements. 
The purpose of a process capability study is to separate the 
inherent RANDOM VARIABILITY from ASSIGNABLE 
CAUSES. Once completed, steps are taken to identify and 
eliminate the most significant assignable causes. Random 
variability is generally present in the system and does not 
fluctuate. Sometimes, these are considered basic limitations 
associated with the machinery, materials, personnel skills or 
manufacturing methods. Assignable cause inconSistencies 
relate to time variations in yield, performance or reliability. 

Traditionally, assignable causes appear to be random due 
to the lack of close examination or analysis. Figure 2 shows 
the impact on predictability that assignable cause can have. 
Figure 3 shows the difference between process control and 
process capability. 

A process capability study involves taking periodic sam­
ples from the process under controlled conditions. The 
performance characteristics of these samples are charted 
against time. In time, assignable causes can be identified and 
engineered out. Careful documentation of the process is key 
to accurate diagnosis and successful removal of the assign­
able causes. Sometimes, the assignable causes will remain 
unclear requiring prolonged experimentation. 

Elements which measure process variation COfltrol and 
capability are Cp and Cpk respectively. Cp is the specification 
width divided by the process width or Cp = (specification 
width) 1 6a. Cpk is the absolute value of the closest 
specification value to the mean, minus the mean, divided by 
half the process width or Cpk = I closest specification -X 13a. 
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SIZE_ 

Process 'under control" - all assignable causes are 
removed and future distribution Is predictable. 

? ? 

Figure 2 - Impact of Assignable Causes on 
Process Predictable 

At Motorola, for critical parameters, the process capability 
is acceptable with a Cpk = 1.50 with continual improvement 
our goal. The desired process capability is a Cpk = 2 and the 
ideal is a Cpk = 5. Cpk, by definition, shows where the current 
production process fits with relationship to the specification 
limits. Off center distributions or excessive process variability 
will result in less than optimum conditions 

SPC IMPLEMENTATION AND USE 
CPSTG uses many parameters that show conformance to 

specification. Some parameters are sensitive to process 
variations while others remain constant for a given product 
line. Often, specific parameters are influenced when changes 
to other parameters occur. It is both impractical and unneces­
sary to monitor all parameters using SPC methods. Only 
critical parameters that are sensitive to process variability are 
chosen for SPC monitoring. The process steps affecting these 
critical parameters must be identified also. It is equally 
important to find a measurement in these process steps that 
correlates with product performance. This is called a critical 
process parameter. 

Once the critical process parameters are selected, a 
sample plan must be determined. The samples used for 
measurement are organized into RATIONAL SUBGROUPS 
of approximately 2 to 5 pieces. The subgroup size should be 
such that variation among the samples within the subgroup 
remain small. All samples must come from the same source 
e.g., the same mold press operator, etc.. Subgroup data 
should be collected at appropriate time intervals to detect 
variations in the process. As the process begins to show 

SIZE 

Oul of conIrol 
(assignable causes present) 

In control but not capable 
(variation from random variability 

excesSive) 

Figure 3 - Difference Between Process 
Control and Procass Capability 

improved stability, the interval may be increased. The data 
collected must be carefully documented and maintained for 
later correlation. Examples of common documentation entries 
would include operator, machine, time, settings, product type, 
etc. 

Once the plan is established, data collection may begin. 
The data collected will generate X and R values that are 
plotted with respect to time. Xrefers to the mean of the values 
within a given subgroup, while R is the range or greatest value 
minus least value. When approximately 20 or more X and R 
values have been generated, the average of these values is 
computed as follows: 

x=(x+ X2+ X3+ ... )1K 
R = (R1 + R2 + R3 + ... )IK 

where K = the number of subgroups measured. 

The values of X and R are used to create the process 
control chart. Control charts are the primary SPC tool used to 
signal a problem. Shown in Figure 4, process control charts 
show X and R values with respect to time and concerning 
reference to upper and lower control limit values. Control limits 
are computed as follows: 

R upper control limit = UClR = 04 R 

R lower control limit = lClR = D~ R 
X upper control limit = UCl X ::. X + A2 R 

X lower control limit = lClX = X - A2 R 

Reliability and Quality Assurance 
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11111111 

UCL -'52.8 '-
, 2 

= -150.4 

lWJJ 

R=3.2 

LCL=O 

figure 4 - Example of Process Control Chart Showing Oven Temperature Data 

Where 04, 03 and A2 are constants varying by sample size, 
with values for sample sizes from 2 to 10 shown in the follow-
ing partial table: 

n 2 3 4 5 6 7 8 9 10 

D4 3.27 2.57 2.28 2.11 2.00 1.92 1.86 1.82 1.78 

D3 0.08 0.14 0.18 0.22 

A2 1.88 1.02 0.73 0.58 0.48 0.42 0.37 0.34 0.31 

* For sample sizes below 7, the LCLR would technically be a 
negative number; in those cases there is no lower control limit; 
this means that for a subgroup size 6, six "identical" measure­
ments would not be unreasonable. 

Control charts are used to monitor the variability of critical 
process parameters. The R chart shows basic problems with 
piece to piece variability related to the process. The X chart 
can often identify changes in people, machines, methods, etc. 
The source of the variability can be difficult to find and may 
require experimental design techniques to identify assignable 
causes. 

Some general rules have been established to help 
determine when a process is OUT-Of-CONTROL. Figure 5 
shows a control chart subdivided into zones A, B, and C 
corresponding to 3 sigma, 2 sigma, and 1 sigma limits 
respectively. In Figure 6 through Figure 8 four of the tests that 
can be used to identify excessive variability and the presence 
of assignable causes are shown. As familiarity with a given 
process increases, more subtle tests may be employed 
successfully. 

Once the variability is identified, the cause olthe variability 
must be determined. Normally, only a few factors have a 
significant impact on the total variability of the process. The 
importance of correctly identifying these factors is stressed in 
the following example. Suppose a process variability depends 
on the variance of five factors A, B, C, 0 and E. Each has a 
variance of 5, 3, 2, 1 and 0.4 respectively. 
Since: 

eJlot = -J 52 + 32 + 22 + 12+ (0.4)2 = 6.3 

Now if only 0 is identified and eliminated then; 

a tot = 0 52 + 32 + 22 + (0.4)2 = 6.2 

This results in less than 2% total variability improvement. If 
B, C and 0 were eliminated, then; 

a tot = ~ 52 + (0.4)2 = 5.02 

This gives a considerably better improvement of 23%. If 
only A is identified and reduced from 5 to 2, then; 

a tot = -J 22 + 32 + 22 + 12+ (0.4)2 = 4.3 

Identifying and improving the variability from 5 to 2 gives 
us a total variability improvement of nearly 40%. 

Most techniques may be employed to identify the primary 
assignable cause(s). Out-of-control conditions may be corre­
lated to documented process changes. The product may be 
analyzed in detail using best versus worst part comparisons or 
Product Analysis Lab equipment. Multi-variance analYSis can 
be used to determine the family of variation (positional, critical 
or temporal). Lastly, experiments may be run to testtheoretical 
or factorial analysis. Whatever method is used, assignable 
causes must be identified and eliminated in the most 
expeditious manner possible. 

After assignable causes have been eliminated, new 
control limits are calculated to provide a more challenging 
variability criteria for the process. As yields and variability 
improve, it may become more difficult to detect improvements 
because they become much smaller. When all assignable 
causes have been eliminated and the points remain within 
control limits for 25 groups, the process is said to be in a state 
of control. 
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I----------------------UCL 
ZONE A (+ 3 SIGMA) 

ZONE B (+ 2 SIGMA) 

ZONE C (+ 1 SIGMA) CENTERLINE 
ZONE C (- 1 SIGMA) 

ZONE B (- 2 SIGMA) 

1 ___ --'Z"'O"'N=E..:.:A'-'-(-....:3"-'S""I.::::G"'MA:..:,)L-___ LCL 

Figure 5 - Control Chart Zones 

--~v~ 
I _____________________ A __ LCL 

Figure 7 - Two Out of Three Points In Zone 
A or Beyond Indicating Excessive Variability 

A UCL 

<;j\;~ 
V v C 

B 

__ -+ ________________ ....:.A-'-- LCL 

Figure 6 - One Point Outside Control 
Limit Indicating Excessive Variability 

1------------------- UCL 

-------~------~-
------r------\,- -; ~-
---0 -----------:!. ?-

B - - - - - - - - - - - - - - - - - - - - - --
I ____________________ ~A LCL 

Figure 8 - Four Out of Five Points In Zone B 
or Beyond Indicating excessive Variability 

1 __________________________ UCL 

SUMMARY 

A 

---------~--~ 
\. C 

----~~-~ 
I _______________________ ~A LCL 

Figure 9 - Seven Out of Eight Points in Zone 
C or Beyond Indicating Excessive Variability 

Motorola Is committed to the use of STATISTICAL 
PROCESS CONTROLS. These principles, used throughout 
manufacturing, have already resulted in many significant 

improvements to the processes. Continued dedication to the 
SPC culture will allow Motorola to reach the Six Sigma and 
zero defect capability goals. SPC will further enhance the 
commitment to TOTAL CUSTOMER SATISFACTION. 
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Section 10 

Replacement 
Devices 

In Brief . .. 
The Replacement Devices index provides you with a list of 

devices which had been supported with data sheets in the 
prior edition of the Small-Signal Transistors, FETs and 
Diodes data book (DL 126 Rev 4) but are no longer supported 
in this new edition. A direct or similar replacement part is 
listed for those devices which have replacement parts. 
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REPLACEMENT DEVICES 

Replacement 
Device Part 

2N4404 
2N5058 2N4927 
2N5223 MPS6521 
2N5440 
2N5458 
2N5459 
2N5484 
2N5485 
2N5638 
2N706A 2N2369A 
2N869A 
BC107C BC107B 
BC108A BC108B 
BC108C BC108B 
BC109A BC109C 
BC109B BC109C 
BC141-16 BC141-10 
BC309 BC309B 
BCW31LT1 
BCW60CLT1 BCW60BLT1 
BCW61ALT1 BCW61BLT1 

Replacement Devices 
10-2 

Devlca 

BCW71LT1 
BCY58VIII 
BCY56X 
BCY59VII 
BCY781X 
BCY78VIII 
BCY79VII 
BDB01D 
BDB02D 
BDC02D 
BDC06 
BF244C 
BF246 
BF247 
BF247A 
BF247C 
BF256 
BF259 
BF491 
BSS78 
CV9507 

Raplacament Replacement 
Part Device Part 

J109 
J110 
MM3002 

BCY59VIII MM3005 
MM3007 
MM4003 

BCY79VIII MM4005 2N4033 

BDB01C 
BDB02C 

MM44209 
MM6427 2N6427 
MPF89 
MPS3568 MPS8099 

BF244B 
BF246A 

MPS4249 MPS3906 
MPS6534 2N4402 
P2N3019 
P2N4033 
PBF259RS 
PBF259S 

BF256B PBF493 
2N4927 PBF493R 

PBF493RS 
PBF493S 

2N2904A 
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Section 11 

Alphanumeric Index 
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Alphanumeric Index 

MOTOROLA PART 
NUMBER 

lN5139 
lN5139A 
lN5140 
lN5140A 
lN5141 
lN5141A 
lN5142 
lN5142A 
lN5143 
lN5143A 

lN5144 
lN5144A 
lN5145 
lN5145A 
lN5146 
lN5146A 
lN5147 
lN5147A 
1N5148 
lN5148A 

lN5441A 
lN5441B 
lN5442A 
lN5442B 
lN5443A 
lN5443B 
lN5444A 
lN5444B 
lN5445A 
lN5445B 

lN5446A 
lN5446B 
lN5447A 
lN5447B 
lN5448A 
lN5448B 
lN5449A 
lN5449B 
lN5450A 
lN5450B 

lN5451A 
lN5451B 
lN5452A 
lN5452B 
lN5453A 
lN5453B 
lN5454A 
lN5454B 
lN5455A 
lN5455B 

lN5456A 
lN5456B 
2N1613 
2N1711 
2N1893 
2N2102 
2N2218A 
2N2219 
2N2219A 
2N2222 

Alphanumeric Index 
11-2 

DATA SHEET 
PAGE NO. 

5-3 
5-3 
5--{3 
5-3 
5-3 
5-3 
5-3 
5-3 
5-3 
5-3 

5--{3 
5-3 
5-3 
5-3 
5--{3 
5-3 
5-3 
5-3 
5-3 
5-3 

5-6 
5-6 
5-6 
5-6 
5-6 
5-6 
5-6 
5-6 
5-6 
5-6 

5-6 
5-6 
5-6 
5-6 
5-6 
5-6 
5-6 
5-6 
5-6 
5-6 

5-6 
5-6 
5-6 
5-6 
5-6 
5-6 
5-6 
5-6 
5-6 
5-6 

5-6 
5-6 
3-10 
3-3 
3-11 
3-12 
3-13 
3-13 
3-13 
3-13 

MOTOROLA PART DATA SHEET MOTOROLA PART DATA SHEET 
NUMBER PAGE NO. NUMBER PAGE NO. 

2N2222A 3-13 2N4931 3-93 
2N2270 3-18 2N5086 2-37 
2N2369 3-19 2N5087 2-37 
2N2369A 3-19 2N5088 2-42 
2N2484 3-24 2N5089 2-42 
2N2895 3-25 2N5209 2-43 
2N2896 3-25 2N5210 2-43 
2N2904 3-27 2N5400 2-44 
2N2904A 3-27 2N5401 2-44 
2N2905 3-27 2N5457 4-3 

2N2905A 3-27 2N5460 4-6 
2N2906 3-27 2N5461 4--6 
2N2906A 3-27 2N5462 4-6 
2N2907 3-27 2N5484 4--9 
2N2907A 3-27 2N5486 4--9 
2N3019 3-33 2N5550 2-47 
2N3020 3-33 2N5551 2-47 
2N3053 3-36 2N5555 4--16 
2N3053A 3-36 2N5640 4-18 
2N3244 3-37 2N5668 4--19 

2N3250 3-41 2N5669 4-19 
2N3251 3-41 2N5670 4--19 
2N3251A 3-41 2N6426 2-51 
2N3467 3-46 2N6427 2-51 
2N3468 3-46 2N6431 3-95 
2N3497 3-49 2N6433 3-96 
2N3500 3-52 2N6515 2-55 
2N3501 3-52 2N6516 2-55 
2N3546 3-57 2N6517 2-55 
2N3634 3-60 2N6519 2-55 

2N3635 3-60 2N6520 2-55 
2N3636 3-60 2N697 3-2 
2N3637 3-60 2N7000 4--21 
2N3700 3-33 2N7002LTI 4--23 
2N3799 3-66 2N718A 3-3 
2N3903 2-3 2N720A 3-5 
2N3904 2-3 2N930 3-6 
2N3905 2-8 2N930A 3-6 
2N3906 2-8 2N956 3-3 
2N3947 3-69 BA582Tl 5-9 

2N3963 3-75 BAL99LTI 5-11 
2N3964 3-75 BAS16LTI 5-13 
2N4014 3-77 BAS16WTl 5-15 
2N4032 3-81 BAS21LTI 5-18 
2N4033 3-81 BAS116LTI 5-19 
2N4036 3-83 BAV70LTI 5-21 
2N4037 3-83 BAV70WTl 5-23 
2N4123 2-13 BAV74LTI 5-26 
2N4124 2-13 BAV99LTI 5-28 
2N4125 2-17 BAV170LTI 5-30 

2N4126 2-17 BAV199LTI 5-32 
2N4264 2-21 BAW56LTI 5-34 
2N4265 2-21 BAW56WTl 5-36 
2N4400 2-26 BAW156LTI 5--{3B 
2N4401 2-26 BC107 3-97 
2N4402 2-31 BC107A 3-97 
2N4403 2-31 BC107B 3-97 
2N4405 3-B5 BC10B 3-97 
2N4407 3-90 BC10BB 3-97 
2N4410 2-36 BC109C 3-97 
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Alphanumeric Index (continued) 
MOTOROLA PART DATA SHEET MOTOROLA PART DATA SHEET 

NUMBER PAGE NO. NUMBER PAGE NO. 

BC140-10 3-99 BC546 2-85 
BC140-16 3-99 BC546A 2-85 
BC141-10 3-99 BC546B 2-85 
BC141-16 3-99 BC547 2-85 
BC16Q-16 3-100 BC547A 2-85 
BC161-16 3-100 BC547B 2-85 
BC177 3-101 BC547C 2-85 
BC177A 3-101 BC548 2-85 
BC177B 3-101 BC548A 2-85 
BC182 2-61 BC548B 2-85 

BC182A 2-{;1 BC548C 2-85 
BC182B 2-61 BC549B 2-89 
BC183 2-{;1 BC549C 2-89 
BC184 2-{;1 BC550B 2-89 
BC212 2-63 BC550C 2-89 
BC212B 2-63 BC556 2-92 
BC213 2-63 BC556B 2-92 
BC214 2-63 BC557 2-92 
BC237 2-{;5 BC557A 2-92 
BC237A 2-{;5 BC557B 2-92 

BC237B 2-65 BC557C 2-92 
BC237C 2-{;5 BC558B 2-92 
BC238 2-{;5 BC559 2-97 
BC238B 2-{;5 BC559B 2-97 
BC238C 2-{;5 BC559C 2-97 
BC239 2-{;5 BC560B 2-97 
BC239C 2-{;5 BC560C 2-97 
BC307 2-68 BC618 2-99 
BC307B 2-{;8 BC635 2-100 
BC307C 2-68 BC636 2-102 

BC308C 2-{;8 BC637 2-100 
BC309B 2-{;8 BC638 2-102 
BC327 2-71 BC639 2-100 
BC327-16 2-71 BC640 2-102 
BC327-25 2-71 BC807-16LT1 2-104 
BC328 2-71 BC807-25LT1 2-104 
BC328-16 2-71 BC807--40LT1 2-104 
BC328-25 2-71 BC817-16LT1 2-105 
BC337 2-74 BC817-25LT1 2-105 
BC337-16 2-74 BC817--40LT1 2-105 

BC337-25 2-74 BC846ALT1 2-106 
BC337--40 2-74 BC846BLT1 2-106 
BC338 2-74 BC847ALT1 2-106 
BC338-16 2-74 BC847BLT1 2-106 
BC338-25 2-74 BC847CLT1 2-106 
BC338--40 2-74 BC848ALT1 2-106 
BC368 2-77 BC848BLT1 2-106 
BC369 2-77 BC848CLT1 2-106 
BC372 2-79 BC849ALT1 2-106 
BC373 2-79 BC849BLT1 2-106 

BC393 3-103 BC849CLT1 2-106 
BC394 3-104 BC850ALT1 2-106 
BC450 2-81 BC850BLT1 2-106 
BC450A 2-81 BC850CLT1 2-106 
BC489 2-82 BC856ALT1 2-107 
BC489A 2-82 BC856BLT1 2-107 
BC489B 2-82 BC857ALT1 2-107 
BC490 2-83 BC857BLT1 2-107 
BC490A 2-83 BC857CLT1 2-107 
BC517 2-84 BC858ALT1 2-107 

Motorola Small-Signal Transistors, FETs and Diodes Device Data 

MOTOROLA PART DATA SHEET 
NUMBER 

BC858BLT1 
BC858CLT1 
BCP53T1 
BCP58-10T1 
BCP58-16T1 
BCP56T1 
BCP68T1 
BCP69T1 
BCW29LT1 
BCW30LT1 

BCW33LT1 
BCW60ALT1 
BCW60BLT1 
BCW60DLT1 
BCW61BLT1 
BCW61CLT1 
BCW61DLT1 
BCW65ALT1 
BCW68GLT1 
BCW69LT1 

BCW70LT1 
BCW72LT1 
BCX17LT1 
BCX18LT1 
BCX19LT1 
BCX20LT1 
BCX70GLT1 
BCX70JLT1 
BCX70KLT1 
BCY70 

BCY71 
BCY72 
BDB01C 
BDB01D 
BDB02C 
BDB02D 
BDC01D 
BDC02D 
BDC05 
BF199 

BF224 
BF240 
BF244A 
BF244B 
BF245 
BF245A 
BF245B 
BF245C 
BF246A 
BF246B 

BF247B 
BF256B 
BF256C 
BF258 
BF374 
BF391 
BF392 
BF393 
BF420 
BF421 

PAGE NO. 

2-107 
2-107 
2-108 
2-110 
2-110 
2-110 
2-113 
2-116 
2-118 
2-118 

2-119 
2-120 
2-120 
2-120 
2-122 
2-122 
2-122 
2-124 
2-125 
2-126 

2-126 
2-127 
2-128 
2-128 
2-128 
2-128 
2-129 
2-129 
2-129 
3-105 

3-105 
3-105 
2-131 
2-131 
2-133 
2-133 
2-135 
2-136 
2-137 
2-138 

2-139 
2-140 
4-25 
4-25 
4-25 
4-25 
4-25 
4-25 
4-26 
4-26 

4-26 
4-27 
4-27 
3-107 
2-143 
2-145 
2-145 
2-145 
2-146 
2-147 

Alphanumeric Index 
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Alphanumeric Index (continued) 

MOTOROLA PART 
NUMBER 

BF422 
BF423 
BF492 
BF493 
BF493S 
BF720T1 
BF721T1 
BF844 
BF959 
BFR30LT1 

BFR31LT1 
BFW43 
BS107 
BS107A 
BS170 
BSP16T1 
BSP19AT1 
BSP20AT1 
BSP52T1 
BSP62T1 

BSS123LT1 
BSS63LT1 
BSS64LT1 
BSS71 
BSS72 
BSS73 
BSS74 
BSS75 
BSS76 
BSS89 

BSV16--10 
BSV52LT1 
BSX20 
CV12253 
IRFD110 
IRFD113 
IRFD120 
IRFD123 
IRFD210 
IRFD213 

IRFD220 
IRFD223 
IRFD9120 
IRFD9123 
J111 
J112 
J113 
J202 
J203 
J300 

J304 
J305 
J308 
J309 
J310 
M1MA141KT1 
M1MA141WAT1 
M1MA141WKT1 
M1MA142KT1 
M1MA142WAT1 

Alphanumeric Index 
11--4 

DATA SHEET 
PAGE NO. 

2-146 
2-147 
2-148 
2-148 
2-149 
2-150 
2-151 
2-152 
2-154 
4-28 

4--28 
3-108 
4--29 
4--29 
4--32 
2-156 
2-157 
2-157 
2-159 
2-161 

4--35 
2-164 
2-165 
3-110 
3-110 
3-110 
3-113 
3-113 
3-113 
4--34 

3-116 
2-166 
3-118 
3-120 
4-36 
4--36 
4--38 
4-38 
4-40 
4--40 

4-42 
4-42 
4-44 
4--44 
4-46 
4--46 
4--46 
4--47 
4-47 
4--48 

4--49 
4--49 
4-50 
4-50 
4-50 
5-40 
5-42 
5--44 
5-40 
5-42 

MOTOROLA PART DATA SHEET MOTOROLA PART DATA SHEET 
NUMBER PAGE NO. NUMBER PAGE NO. 

M1MA142WKT1 5-44 MMBT2222LT1 2-171 
M1MA151AT1 5-46 MMBT2369ALT1 2-173 
M1MA151KT1 5-48 MMBT2369LT1 2-173 
M1MA151WAT1 5-50 MMBT2484LT1 2-175 
M1MA151WKT1 5-52 MMBT2907ALT1 2-176 
M1MA152AT1 5-46 MMBT2907LT1 2-176 
M1MA152KT1 5-48 MMBT3640LT1 2-178 
M1MA152WAT1 5-50 MMBT3904LT1 2-179 
M1MA152WKT1 5-52 MMBT3906LT1 2-181 
MAD1103P 5-54 MMBT404ALT1 2-167 

MAD1107P 5--54 MMBT4401LT1 2-183 
MAD1108P 5-54 MMBT4403LT1 2-184 
MAD1109P 5-58 MMBT5087LT1 2-185 
MAD130P 5--54 MMBT5088LT1 2-186 
MBD101 5--60 MMBT5089LT1 2-186 
MBD301 5-62 MMBT5401LT1 2-187 
MBD701 5--64 MMBT5550LT1 2-188 
MM3001 3-121 MMBT5551 LT1 2-188 
MM3725 3-122 MMBT6427LT1 2-189 
MM4001 3-126 MMBT6428LT1 2-190 

MMAD1103 5--66 MMBT6429LT1 2-190 
MMAD1104 5-66 MMBT6517LT1 2-191 
MMAD1105 5-66 MMBT6520LT1 2-192 
MMAD1106 5-66 MMBT8599LT1 2-193 
MMAD1107 5-66 MMBT918LT1 2-169 
MMAD1108 5-69 MMBTA05LT1 2-194 
MMAD1109 5-66 MMBTA06LT1 2-194 
MMAD130 5-66 MMBTA13LT1 2-195 
MMBD101LT1 5-60 MMBTA14LT1 2-195 
MMBD2835LT1 5-73 MMBTA20LT1 2-196 

MMBD2836LT1 5--73 MMBTA42LT1 2-197 
MMBD2837LT1 5-75 MMBTA43LT1 2-197 
MMBD2838LT1 5-75 MMBTA55LT1 2-198 
MMBD301LT1 5--62 MMBTA56LT1 2-198 
MMBD352LT1 5-70 MMBTA63LT1 2-199 
MMBD353LT1 5--70 MMBTA64LT1 2-199 
MMBD354LT1 5-70 MMBTA70LT1 2-200 
MMBD6050LT1 5-77 MMBTA92LT1 2-201 
MMBD6100LT1 5-79 MMBTA93LT1 2-201 
MMBD7000LT1 5--81 MMBTH10LT1 2-202 

MMBD701LT1 5-64 MMBTH24LT1 2-203 
MMBD914LT1 5-71 MMBTH69LT1 2-204 
MMBF170LT1 4--55 MMBTH81LT1 2-205 
MMBF4391 LT1 4-56 MMBV105GLT1 5-63 
MMBF4392LT1 4--56 MMBV109LT1 5-85 
MMBF4393LT1 4--56 MMBV2101LT1 5--95 
MMBF4416LT1 4--57 MMBV2103LT1 5--95 
MMBF4856LT1 4--58 MMBV2104LT1 5--95 
MMBF4860LT1 4--59 MMBV2105LT1 5-95 
MMBF5457LT1 4-61 MMBV2107LT1 5-95 

MMBF5459LT1 4--62 MMBV2108LT1 5--95 
MMBF5460LT1 4--63 MMBV2109LT1 5-95 
MMBF5484LT1 4-64 MMBV3102LT1 5-98 
MMBF5486LT1 4-65 MMBV3401 LT1 5-100 
MMBFJ175LT1 4-66 MMBV3700LT1 5--102 
MMBFJ177LT1 4-67 MMBV409LT1 5-87 
MMBFJ309LT1 4-68 MMBV432LT1 5--89 
MMBFJ310LT1 4-68 MMBV609LT1 5-91 
MMBFU310LT1 4-69 MMBV809LT1 5--93 
MMBT2222ALT1 2-171 MMFT107T1 4--70 
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Alphanumeric Index (continued) 

MOTOROLA PART DATA SHEET MOTOROLA PART 
NUMBER PAGE NO. NUMBER 

MMFT2406T1 4-76 MPN3700 
MMFT6661T1 4-78 MP02222 
MMFT960T1 4-73 MP02222A 
MMPQ2222 2-206 MP02369 
MMPQ2222A 2-206 MP024B3 
MMPQ2369 2-208 MP02484 
MMP02907 2-209 MP02906 
MMP02907A 2-209 MP02907 
MMP03467 2-211 MP02907A 
MMP03725 2-212 MP03467 

MMP03799 2-213 MP03725 
MMP03904 2-214 MP03762 
MMP03906 2-215 MP03798 
MMP06700 2-216 MP03799 
MMP06642 2-217 MP03904 
MMSD914T1 5-104 MP03906 
MMSV3401T1 5-106 MP06001 
MMUN2111LT1 2-218 MP06002 
MMUN2112LT1 2-218 MP06100A 
MMUN2113LT1 2-218 MP06426 

MMUN2114LT1 2-218 MP06501 
MMUN2115LT1 2-218 MP06502 
MMUN2116LT1 2-218 MP06600A1 
MMUN2130LT1 2-218 MP06700 
MMUN2131LT1 2-218 MP06642 
MMUN2132LT1 2-218 MP07041 
MMUN2133LT1 2-218 MP07042 
MMUN2134LT1 2-218 MP07043 
MMUN2211LT1 2-225 MP07051 
MMUN2212LT1 2-225 MP07091 

MMUN2213LT1 2-225 MP07093 
MMUN2214LT1 2-225 MPS2222 
MMUN2215LT1 2-225 MPS2222A 
MMUN2216LT1 2-225 MPS2369 
MMUN2230LT1 2-225 MPS2369A 
MMUN2231LT1 2-225 MPS2907 
MMUN2232LT1 2-225 MPS2907A 
MMUN2233LT1 2-225 MPS3563 
MMUN2234LT1 2-225 MPS3638 
MPF102 4-81 MPS3638A 

MPF3821 4-90 MPS3640 
MPF3822 4-90 MPS3646 
MPF4392 4-91 MPS3866 
MPF4393 4-91 MPS3904 
MPF4856 4-95 MPS3906 
MPF4857 4-95 MPS404A 
MPF4858 4-95 MPS4123 
MPF4859 4-95 MPS4124 
MPF4860 4-95 MPS4125 
MPF4861 4-95 MPS4126 

MPF6659 4-97 MPS4250 
MPF6660 4-97 MPS4258 
MPF6661 4-97 MPS5179 
MPF910 4-82 MPS536 
MPF930 4-83 MPS5771 
MPF960 4-83 MPS6428 
MPF970 4-86 MPS650 
MPF971 4-86 MPS6507 
MPF990 4-83 MPS651 
MPN3404 5-108 MPS6520 
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DATA SHEET 
PAGE NO. 

5-102 
2-233 
2-233 
2-235 
2-236 
2-236 
2-238 
2-238 
2-238 
2-240 

2-241 
2-243 
2-245 
2-245 
2-247 
2-248 
2-250 
2-250 
2-253 
2-255 

2-250 
2-250 
2-253 
2-257 
2-261 
2-264 
2-264 
2-264 
2-265 
2-267 

2-267 
2-280 
2-280 
2-284 
2-264 
2-286 
2-286 
2-278 
2-290 
2-290 

2-292 
2-294 
2-296 
2-298 
2-304 
2-268 
2-306 
2-306 
2-307 
2-307 

2-306 
2-309 
2-311 
2-272 
2-313 
2-314 
2-275 
2-316 
2-275 
2-317 

MOTOROLA PART DATA SHEET 
NUMBER 

MPS6521 
MPS6523 
MPS6530 
MPS6531 
MPS6560 
MPS6562 
MPS6568A 
MPS6571 
MPS6595 
MPS6601 

MPS6602 
MPS6651 
MPS6652 
MPS6714 
MPS6715 
MPS6717 
MPS6724 
MPS6725 
MPS6726 
MPS6727 

MPS750 
MPS751 
MPS8093 
MPS8098 
MPS8099 
MPS8598 
MPS8599 
MPS918 
MPSA05 
MPSA06 

MPSA13 
MPSA14 
MPSA16 
MPSA17 
MPSA18 
MPSA20 
MPSA27 
MPSA28 
MPSA29 
MPSA42 

MPSA43 
MPSA44 
MPSA55 
MPSA56 
MPSA62 
MPSA63 
MPSA64 
MPSA70 
MPSA75 
MPSA77 

MPSA92 
MPSA93 
MPSH04 
MPSH07A 
MPSH10 
MPSH11 
MPSH17 
MPSH20 
MPSH24 
MPSH34 

PAGE NO. 

2-317 
2-317 
2-318 
2-318 
2-319 
2-319 
2-320 
2-322 
2-323 
2-324 

2-324 
2-324 
2-324 
2-329 
2-329 
2-330 
2-331 
2-331 
2-332 
2-332 

2-275 
2-275 
2-333 
2-334 
2-334 
2-334 
2-334 
2-278 
2-339 
2-339 

2-344 
2-344 
2-345 
2-345 
2-347 
2-351 
2-352 
2-354 
2-354 
2-356 

2-356 
2-358 
2-339 
2-339 
2-361 
2-361 
2-361 
2-362 
2-363 
2-363 

2-365 
2-365 
2-367 
2-368 
2-371 
2-371 
2-374 
2-375 
2-378 
2-381 
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Alphanumeric Index (continued) 

MOTOROLA PART 
NUMBER 

MPSH69 
MPSH81 
MPSL01 
MPSL51 
MPSW01 
MPSW01A 
MPSW05 
MPSW06 
MPSW10 
MPSW13 

MPSW14 
MPSW42 
MPSW45 
MPSW45A 
MPSW51 
MPSW51A 
MPSW55 
MPSW56 
MPSW63 
MPSW64 

MPSW92 
MSA 1 022-BT1 
MSA1022-CT1 
MSB709-RT1 
MSB709--ST1 
MSB710-QT1 
MSB710-RT1 
MSB1218A-RT1 
MSB1218A-ST1 
MSC1621T1 

MSC2295-BT1 
MSC2295-CT1 
MSC2404-CT1 
MSC3130T1 
MSD1328-RT1 
MSD1819A-RT1 
MSD1819A-ST1 
MSD601-RT1 
MSD601-ST1 
MSD602-RT1 

MSD6100 
MSD6150 
MUN2111T1 
MUN2112T1 
MUN2113T1 
MUN2114T1 
MUN2115T1 
MUN2116T1 
MUN2130T1 
MUN2131T1 

MUN2132T1 
MUN2133T1 
MUN2134T1 
MUN2211T1 
MUN2212T1 
MUN2213T1 

Alphanumeric Index 
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2-382 
2-383 
2-385 
2-386 
2-387 
2-387 
2-390 
2-390 
2-393 
2-394 

2-394 
2-397 
2-400 
2-400 
2-401 
2-401 
2-404 
2-404 
2-407 
2-407 

2-410 
2-413 
2-413 
2-414 
2-414 
2-415 
2-415 
2-416 
2-416 
2-419 

2-420 
2-420 
2-421 
2-422 
2-425 
2-426 
2-426 
2-423 
2-423 
2-424 

5-110 
5-111 
2-429 
2-429 
2-429 
2-429 
2-429 
2-429 
2-429 
2-429 

2-429 
2-429 
2-429 
2-436 
2-436 
2-436 

MOTOROLA PART DATA SHEET MOTOROLA PART DATA SHEET 
NUMBER PAGE NO. NUMBER PAGE NO. 

MUN2214T1 2-436 MV1641 5-116 
MUN2215T1 2-436 MV1642 5-116 
MUN2216T1 2-436 MV1643 5-116 
MUN2230T1 2-436 MV1644 5-116 
MUN2231T1 2-436 MV1645 5-116 
MUN2232T1 2-436 MV1646 5-116 
MUN2233T1 2-436 MV1647 5-116 
MUN2234T1 2-436 MV1648 5-116 
MUN5111T1 2-444 MV1649 5-116 
MUN5112T1 2-444 MV1650 5-116 

MUN5113T1 2-444 MV209 5-85 
MUN5114T1 2-444 MV2101 5-95 
MUN5115T1 2-444 MV2103 5-95 
MUN5116T1 2-444 MV2104 5-95 
MUN5130T1 2-444 MV2105 5-95 
MUN5131T1 2-444 MV21 07 5-95 
MUN5132T1 2-444 MV21 08 5-95 
MUN5133T1 2-444 MV2109 5-95 
MUN5134T1 2-444 MV2111 5-95 
MUN5211T1 2-451 MV2113 5-95 

MUN5212T1 2-451 MV2114 5-95 
MUN5213T1 2-451 MV2115 5-95 
MUN5214T1 2-451 MV409 5-87 
MUN5215T1 2-451 MV7005T1 5-117 
MUN5216T1 2-451 MV7404T1 5-119 
MUN5230T1 2-451 MVAM108 5-121 
MUN5231T1 2-451 MVAM109 5-121 
MUN5232T1 2-451 MVAM115 5-121 
MUN5233T1 2-451 MVAM125 5-121 
MUN5234T1 2-451 P2N2222A 2-463 

MV104 5-112 P2N2907A 2-465 
MV1403 5-114 PBF259 2-459 
MV1404 5-114 PBF259RS 2-460 
MV1405 5-114 PBF259S 2-459 
MV1620 5-116 PBF493 2-461 
MV1621 5-116 PBF493R 2-462 
MV1622 5-116 PBF493RS 2-462 
MV1623 5-116 PBF493S 2-461 
MV1624 5-116 PZT651T1 2-467 

MV1625 5-116 PZT751T1 2-469 
MV1626 5-116 PZT2222AT1 2-471 
MV1627 5-116 PZT2907AT1 2-474 
MV1628 5-116 
MV1629 5-116 

PZTA14T1 2-477 
PZTA42T1 2-480 • 

MV1630 5-116 PZTA64T1 2-481 
MV1631 5-116 PZTA92T1 2-484 
MV1632 5-116 PZTA96T1 2-485 
MV1633 5-116 VN0300L 4-100 
MV1634 5-116 VN0610LL 4-101 

MV1635 5-116 VN10LM 4-102 
MV1636 5-116 VN1706L 4-103 
MV1637 5-116 VN2222LL 4-104 
MV1638 5-116 VN2406L 4-106 
MV1639 5-116 VN2410L 4-107 
MV1640 5-116 
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