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TYPE
DESIGNATION

PRO ELECTRON TYPE DESIGNATION CODE
FOR SEMICONDUCTOR DEVICES

This type designation code applies to discrete semiconductor devices — as opposed to integrated
circuits —, multiples of such devices and semiconductor chips.

"'Although not all type numbers accord with the Pro Electron system, the following explanation is given
for the ones that do.”

A basic type number consists of:
TWO LETTERS FOLLOWED BY A SERIAL NUMBER

FIRST LETTER
The first letter gives information about the material used for the active part of the devices.

A. GERMANIUM or other material with band gap of 0,6 to 1,0 eV.

B. SILICON or other material with band gap of 1,0 to 1,3 eV.

C. GALLIUM-ARSENIDE or other material with band gap of 1,3 eV or more.
R. COMPOUND MATERIALS (e.g. Cadmium-Sulphide).

SECOND LETTER
The second letter indicates the function for which the device is primarily designed.

DIODE; signal, low power

DIODE; variable capacitance

TRANSISTOR; low power, audio frequency (Rth j-mb > 15 K/W)

TRANSISTOR; power, audio frequency (R j.mb < 15 K/W)

DIODE; tunnel

TRANSISTOR; low power, high frequency (Rth jmb > 15 K/W)

MULTIPLE OF DISSIMILAR DEVICES — MISCELLANEOQUS; e.g. oscillator
DIODE; magnetic sensitive

TRANSISTOR; power, high frequency (Rtp j-mb < 15 K/W)

PHOTO-COUPLER

RADIATION DETECTOR; e.g. high sensitivity phototransistor

RADIATION GENERATOR,; e.g. light-emitting diode (LED)

CONTROL AND SWITCHING DEVICE; e.g. thyristor, low power (Rthj-mb > 15 K/W)
TRANSISTOR; low power, switching (R j.mb > 15 K/W)

CONTROL AND SWITCHING DEVICE; e.g. thyristor, power (Rp jmb < 15 K/W)
TRANSISTOR; power, switching (Rih j-mb < 15 K/W)

DIODE: multiplier, e.g. varactor, step recovery

DIODE; rectifying, booster

DIODE; voltage reference or regulator (transient suppressor diode, with third letter W)

NXXCHODIPOZrIEmMmOoO®)
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TYPE

DESIGNATION

SERIAL NUMBER

Three figures, running from 100 to 999, for devices primarily intended for consumer equipment.*
One letter (Z, Y, X, etc.) and two figures, running from 10 to 99, for devices primarily intended for
industrial/professional equipment.*

This letter has no fixed meaning except W, which is used for transient suppressor diodes.

VERSION LETTER

It indicates a minor variant of the basic type either electrically or mechanically. The letter never has a
fixed meaning, except letter R, indicating reverse voltage, e.g. collector to case or anode to stud.

SUFFIX

Sub-classification can be used for devices supplied in a wide range of variants called associated types.
Following sub-coding suffixes are in use:

1. VOLTAGE REFERENCE and VOLTAGE REGULATOR DIODES: ONE LETTER and ONE
NUMBER
The LETTER indicates the nominal tolerance of the Zener (regulation, working or reference) voltage
A. 1% (according to IEC 63: series E96)
B. 2% (according to IEC 63: series E48)
C. 5% (according to IEC 63: series E24)
D. 10% (according to |EC 63: series E12)
E. 20% (according to |EC 63: series E6)
The number denotes the typical operating (Zener) voltage related to the nominal current.rating for
the whole range.
The letter 'V’ is used instead of the decimal point.

2. TRANSIENT SUPPRESSOR DIODES: ONE NUMBER
The NUMBER indicates the maximum recommended continuous reversed (stand-off) voltage VR. The
letter 'V’ is used as above.

3. CONVENTIONAL and CONTROLLED AVALANCHE RECTIFIER DIODES and THYRISTORS:
ONE NUMBER
The NUMBER indicates the rated maximum repetitive peak reverse voltage (VRRn) or the rated
repetitive peak off-state voltage (VpRm). whichever is the lower. Reversed polarity is indicated by
letter R, immediately after the number.

4. RADIATION DETECTORS: ONE NUMBER, preceded by a hyphen (—)
The NUMBER indicates the depletion layer in um. The resolution is indicated by a version LETTER.

5. ARRAY OF RADIATION DETECTORS and GENERATORS: ONE NUMBER, preceded by a stroke
(/).

The NUMBER indicates how many basic devices are assembled into the array.

* When these serial numbers are exhausted the serial number for consumer types mav be extended to
four figures, and that for industrial types to three figures.

20
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RATING
SYSTEMS

RATING SYSTEMS

The rating systems described are those recommended by the International Electrotechnical Commission
(IEC) in its Publication 134.

DEFINITIONS OF TERMS USED
Electronic device. An electronic tube or valve, transistor or other semiconductor device.

Note
This definition excludes inductors, capacitors, resistors and similar components.

Characteristic. A characteristic is an inherent and measurable property of a device. Such a property
may be electrical, mechanical, thermal, hydraulic, electro-magnetic, or nuclear, and can be expressed
as a value for stated or recognized conditions. A characteristic may also be a set of related values,
usually shown in graphical form.

Bogey electronic device. An electronic device whose characteristics have the published nominal values
for the type. A bogey electronic device for any particular application can be obtained by considering
only those characteristics which are directly related to the application.

Rating. A value which establishes either a limiting capability or a limiting condition for an electronic
device. It is determined for specified values of environment and operation, and may be stated in any
suitable terms.

Note
Limiting conditions may be either maxima or minima.

Rating system. The set of principles upon which ratings are established and which determine their
interpretation.

Note
The rating system indicates the division of responsibility between the device manufacturer and the
circuit designer, with the object of ensuring that the working conditions do not exceed the ratings.

ABSOLUTE MAXIMUM RATING SYSTEM

Absolute maximum ratings are limiting values of operating and environmental conditions applicable to
any electronic device of a specified type as defined by its published data, which should not be exceed-
ed under the worst probable conditions.

These values are choseri by the device manufacturer to provide acceptable serviceability of the device,
taking no responsibility for equipment variations, environmental variations, and the effects of changes
in operating conditions due to variations in the characteristics of the device under consideration and
of all other electronic devices in the equipment.

The equipment manufacturer should design so that, initially and throughout life, no absolute maximum
value for the intended service is exceeded with any device under the worst probable operating con-
ditions with respect to supply voltage variation, equipment component variation, equipment control
adjustment, load variations, signal variation, environmental conditions, and variations in characteristics
of the device under consideration and of all other electronic devices in the equipment.

May 1983



RATING
SYSTEMS

DESIGN MAXIMUM RATING SYSTEM

Design maximum ratings are limiting values of operating and environmental conditions applicable to a
bogey electronic device of a specified type as defined by its published data, and should not be exceed-
ed under the worst probable conditions.

These values are chosen by the device manufacturer to provide acceptable serviceability of the device,
taking responsibility for the effects of changes in operating conditions due to variations in the charac-
teristics of the electronic device under consideration.

The equipment manufacturer should design so that, initially and throughout life, no design maximum
value for the intended service is exceeded with a bogey device under the worst probable operating
conditions with respect to supply voltage variation, equipment component variation, variation in
characteristics of all other devices in the equipment, equipment control adjustment, load variation,
signal variation and environmental conditions.

DESIGN CENTRE RATING SYSTEM

Design centre ratings are limiting values of operating and environmental conditions applicable to a
bogey electronic device of a specified type as defined by its published data, and should not be exceed-
ed under normal conditions.

These values are chosen by the device manufacturer to provide acceptable serviceability of the device

in average applications, taking responsibility for normal changes in operating conditions due to rated
supply voltage variation, equipment component variation, equipment control adjustment, load variation,
signal variation, environmental conditions, and variations in the characteristics of all electronic devices.

The equipment manufacturer should design so that, initially, no design centre value for the intended
service is exceeded with a bogey electronic device in equipment operating at the stated normal supply
voltage.

May 1983



S-PARAMETERS

SCATTERING PARAMETERS

In distinction to the conventional h, y and z-paramcters, s-parameters relate to travel-
ling wave conditions. The figure below shows a two-port network with the incident and
reflected waves ay, by, a,and bj.

‘-—02

—pb ZL

nsii 2.2
V52
7265646.1
L va e Viz
ay = -

v ZO 4 ZO ]_)
b = Vel ; Vr2
Lz RV
(o] (o]

Z, = characteristic impedance of the transmission line in which the two-port is
connected.

Vi = incident voltage
Vy = reflected (generated) voltage
The four-pole equations for s-parameters ave:
bl = Slldl + 851249

by = sp1a) + 52222

Using the subscripts i for 11, r for 12, f for 21 and o for 22, it follows that:

So 8227 7T a; =0

l) The squares of these quantities have the dimension of power.
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S-PARAMETERS

The

Sf:

So ~

s-parameters can be named and expressed as follows:
s.. = Input reflection coefficient.
The complex ratio of the reflected wave and the incident wave at the input,
under the conditions Z) = Z, =50 and Vg3 = 0.

11

=819 © Reverse transmission coefficient,

The complex ratio of the generated wave at the input and the incident wave at
the output, under the conditions Zy = Z =50 £ and Vg1 = 0.

sp1 = Forward transmission coefficient.
The complex ratio of the generated wave at the output and the incident wave at
the input, under the conditions Z) = Z =50 and V52 = 0.

$99 = Output reflection coefficient.
The complex ratio of the reflected wave and the incident wave at the output,
under the conditions Zg = Z,= 50 £ and Vg1 = 0.

24

April 1987



TAPE

TO-92 VARIANT TRANSISTORS ON TAPE

MECHANICAL DATA
Fig. 1 (see table below).

[~ "j

Dimensions in mm

—»IT|<—

— A-| - (p) Ah <Ah
' T Ttp |
A ¥ | [l/-.tl]
} H, g 1
: W !
H 2
! e iy +
LR s wp— s —
T
Fy ¢ F2 "‘ Do I“ 7275998.2 *! t
- F |- i <—t
> PZ l<—
- Po —
Specifications
Item Symbol = rom . 1ol Remarks
min. . . .
Body width A1 4,0 48
Body height A 4.8 5,2
Body thickness T 39 4,2
Pitch of component P 12,7 +1
Feed hole pitch Po 12,7 +0,3 Cumulative pitch error
1,0 mm/20 pitch
Feed hole centre to To be measured at
component centre P2 6,35 £04 bottom of clinch
+
Distance between outer leads F 5,08 _g'g
Component alignment Ah 0 1 At top of body
Tape width w 18 +05
Hold-down tape width Wo 6 +0,2
+
Hole position Wi 9 _g’;
Hold-down tape position Wo 0,5 +0,2
Lead wire clinch height Ho 16 +05
Component height Hiq 32,25
Length of snipped leads L 11,0
Feed hole diameter Do 4 +0,2
Total tape thickness t 1,2 t1 0,3-0,6
+0,4
Lead-to-lead distance F1,Fp 2,54 _3’1
Clinch height Ho 3
Pull-out force (p) 6N

November 1981
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TAPE

PACKING
The transistors are supplied on tape in boxes (ammopack) or on reels. The number per reel is 1600 and

per ammobox 2000*.

round or octogonal

- <55 max

- - 55 max

0350 "
max i

S—
m packing label

o

] .
o O O O

direction of unreeling —»

detail A

7286091.1A

Fig. 2 Dimensions (in mm) of reel and box.

DROPOUTS
A maximum of 0,5% of the specified number of transistors in each packing may be missing. Up to 3
consecutive components may be missing provided the gap is followed by 6 consecutive components.
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TO-92 variant transistors on tape J TAPE

TAPE SPLICING

Slice the carrier tape on the back and/or front so that the feed hole pitch (Py) is maintained (see Fig. 3).

0

o |0 O

o O O

7286090

l«—— 30 min ——

Fig. 3 Jointing tape with splicing patch.

The ammobox has 80 layers of 25 transistors each.

Each layer contains 25 transistors plus one empty position in order to fold the layer correctly.
The ammobox is accessible from both sides enabling the user to choose between ‘“’“normal”’
(see Fig. 2) and “‘reverse’’ tape.
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J L PACKING

TAPE AND REEL SPECIFICATION

Semiconductors in SOT-23, SOT-143 and SOT-89 encapsulations can be delivered in reel packing for
aotomatic placement on hybrid circuits and printed circuit boards. The devices are placed with the
mounting side downwards in compartments.

A separate reel packing for SOT-89 encapsulation is given in Fig. 3.

]

SOT-23 1

SOT-143
‘Fj‘: :’F-Tt‘F—F: ;‘F—Iﬁf’-\‘} \ lf‘F-T'
—1 L o L —_ I -
1 r 5 r r
_‘:_%_4_41_:’_ *ZH}*— W
T"'_J( -==rT—= b1 —'-'rJ| b=
E ™ P (I T G [— w
, j F
L L L
OO0
' i ! +
I<————-— PO R
-

Compartment

length

width

depth

width outside
pitch
deviation

hole diameter

Sprocket hole

diameter

pitch

distance
cumulative (10)
pitch error

direction of unreeling

Ko

Fig. 1 Configuration of bandolier. Dimensions in mm.

A component length
Bp component width

Ko 0,95
B 3,3
P 4,0
(€] 150
D1 1
Do 1,5
Po 4,0
E 1,75
+0,1

tol.

+0,2
+0,2
+0,2
max.
+0,1
max.
min.

+0,1
+0,1
+0,1

Centre line dimensions

length direction

width direction
Fixing tape

width

thickness
Carrier tape

width
bending
thickness

Overall thickness

P2
F

Wq

D1 1 -
4
g
Bi j‘é
—| t -
7285817.2
tol.
2,0 +0,05
3,5 +0,05
55 +0,25
0,1 max.
8,0 +0,2
0,3 max.
0,4 max.
1,5 max.
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PACKING

c— E-—1t—* == C B A
1 Rh—
DO
trailer |||Of2
go
DO
DO
.0
.O
O
' =°
.0
..0
i
1]
O
Bo
°| leader
nle
-; 1
fixing [~
tape
L__. 7285816

Fig. 2 Configuration of reel and flange (dimensions in mm).

Flange tol. Hub tol.
i 1,5
diameter A 180 9 diameter B 62 o
+05 spindle hole C 12,75 -0
thickness t 1,5 —01 key slit
space between flanges W 9,5 +0,56 width E 2 +0,5
depth U 4 +0,5
location 0 120 degrees

Amount of devices per reel

The bandolier of a 180 mm reel contains at least 3000 devices with no more than 15 empty compart-
ments (0,5%). Three consecutive empty places might be found provided this gap is followed by
6 consecutive devices.

The carrier tape (leader) starts with at least 75 empty positions (equivalent to 300 mm); the covering
foil is at least 300 mm. In order to fix the carrier tape a self-adhesive tape of 20 to 50 mm is applied.

At the end of the bandolier (trailer) at least 75 empty positions (equivalent to a length of 300 mm) and
300 mm foil. For fixing onto the reel a self-adhesive tape of 20 to 50 mm is applied.

August 198a (



Tape and reel specification

PACKING

Semiconductors in SOT-89 encapsulations can also be delivered in reel packing for automatic placement

on hybrid circuits and printed circuit boards. The devices are placed with the mounting side downwards
in compartments.Total number of devices per reel is 1000.

It

r—A0—>| T4
{
] ;

' A L
3T i
RN !

—F:‘T‘I—J_:BI‘_ —F B1 Bg D1 -18 -
c3f] i L
' %
l ]
e n I
T<—
7295864
B ————
direction of unreeling
Fig. 3 Configuration of bandolier. Dimensions in mm.

Compartment tol. Centre line dimensions tol.
length AQ component length length direction P2 2,0 +0,05
width Bp component width width direction F 55 +0,1
depth Ko component depth ..
width outside  Bj 57  max. | Fixingtape
pitch P 8,0 +0,1 width Wi 95 max
deviation © + 50 max. thickness T 0,1 max.
hole diam. D4 15 min. Carrier tape

Sprocket hole width w 12 +0,2
diameter Do 15 +0,1 bending ) 0,3 max.
pitch Po 4,0 +0,1 thickness T 04 max.
distance_ E 175 01 Overall thickness K 24 max.
cumulative (10) ) )
pitch error +0,1 distance G 1,8 min.

August 1987
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SOLDERING
RECOMMENDATIONS

SOLDERING RECOMMENDATIONS
SOT-23, SOT-143 AND SOT-89 ENVELOPES

SOT-23, SOT-143 and SOT-89 devices are ideally suited for placement onto thick and thin film
substrates and printed circuit boards.

To assure reliable and consistent connections particular attention should be paid to:
1. Flux

A non-active flux is recommended. Where active fluxes are employed, great care in subsequent
substrate cleaning must be exercised.

2. Metal-alloy solder or solder paste

Correct choice of solder alloy or solder paste to be employed e.g. 62% Sn, 36% Pb, 2% Ag or 60%
Sn/40% Pb. Any paste used should contain at least 85% metal dry weight.

3. Soldering temperature
This will vary according to the actual method employed.

REFLOW SOLDERING

The preferred technique for mounting microminiature components on hybrid thick and thin-film is the
method of reflow soldering.

The tags of SOT-23, SOT-143 and SOT-89 envelopes are pre-tinned and the best results are obtained if
a similar solder is applied to the corresponding soldering areas on the substrate. This can be done by
either dipping the substrate in a solder bath or by screen printing a solder paste.

The maximum temperature of the leads or tab during the soldering cycle should not exceed 285 ©C.
The most economic method of soldering is a process in which all different components are soldered
simultaneously for example SOT-23, SOT-143 or SOT-89 devices, capacitors and resistors.

Hav’ihg first been fluxed, all components are positioned on the substrate. The slight adhesive force of
the flux is sufficient to keep the components in place. Solder paste contains a flux and has therefore
good inherent adhesive properties which eases positioning of the components.

With the components in position the substrate is heated to a point where the solder begins to flow.
This can be done on a heating plate or on a conveyor belt running through an infrared tunnel. The
maximum allowed temperature of the plastic body of a device must be kept below 280 ©C during the
soldering cycle. For further temperature behaviour during the soldering process see Figs 2 and 3.

The surface tension of the liquid solder tends to draw the tags of the device towards the centre of the
soldering area and has thus a correcting effect on slight mispositionings. However, if the layout leaves
something to be desired the same effect can result in undesirable shifts; particularly if the soldering
areas on the substrate and the components are not concentrally arranged. This problem can be solved
using a standard contact pattern, which leaves sufficient scope for the self-positioning effect (see Figs
4 and 5).

After cooling the connections may be visually inspected and, where necessary, repaired with a light
soldering iron. Finally any remaining flux must be removed carefully.

WAVE SOLDERING

The normal (dual) wave soldering process can also be aplied to SOT-23 and SOT-143 envelopes

We do not recommend SOT-89 for wave soldering.
\| |ﬁ\lovember 1982 33



SOLDERING
RECOMMENDATIONS

IMMERSION SOLDERING

Where a complete substrate or printed circuit board is immersed in solder:
a. The temperature of the soldering bath should not exceed 280 ©C.

b. The duration of the soldering cycle should not exceed 10 seconds.

c. Forced cooling may be applied (see Fig. 1).

HAND SOLDERING

It is possible to solder microminiature devices with a light hand-held soldering iron, but this method
has obvious drawbacks and should therefore be restricted to laboratory use and/or incidental repairs
on production circuits.

1. It is time-consuming and expensive.

2. The device cannot be positioned accurately and therefore the connecting tags may come into contact
with the substrate and damage it.

3. There is a great risk of breaking either substrate or even internal connections inside the encapsulation.

4. The envelope may be damaged by the iron.

7282785
300 T T
% 4% Tb max
T %
(°c) [ 127 %
Y solder flow ¥/
|| % area
Z / 4
200 - 7 a
W44 2T
\b
f
100 [
O .
0 10 t(s) 20

Fig. 1 Device temperature during immersion soldering.

Maximum time of immersion in soldering bath is 10 seconds at an ambient temperature of 25 OC.

a = free convection cooling; b = forced cooling.
Th max = maximum bath temperature (280 OC).
Tm = melting temperature of solder (179 °C).

August 1980



SOT-23, SOT143 and SOT-89 SOLDERING

RECOMMENDATIONS
7279120.
300 TTTTTTTITITTTI . T ; a = free convection cooling.
*&7 Z ET) max b = permissible forced cooling.
T /Z/,/ §/; T| max = Maximum lead or tab temperature =
(°c) % A % 285 °C.
% solder flow area // a Tm = Melting point of the solder is 179 °C.
SUBBUAGHUAN G 5%, Tamb =25 °C.
200 GAIYAN Y% amb
| | /A /. A /// %
M ZUU0%Y % - T Time of heat supply:
1 without preheating max. 14 s
b_| | with preheating max. 10's
Maximum time of preheating 45 s
100
|
]
|
Fig. 2 Reflow soldering without preheating.
0
0 10 t (s) 20
7279121.1
300 T TT T '|" T T
A 244% | max -
%, GHY 72
T GHGALD %
(°c) 4 “
)4~ solder flow 7 4
% area %
200 ALY YA Y 0T a
7 //C /// A ;
T max 274 g //z /.‘/4____.._. Tm
N
N N b
N\
N
100 RN NN
preheating
R area
VNN
AN
N
N
N N
0 NI
40 50 60 70 t(s) 80

Fig. 3 Reflow soldering with preheating.
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SOLDERING

RECOMMENDATIONS
Minimum required dimensions of metal Dimensions in mm
connection pads on hybrid thick and thin-film
substrates.
09
2,2
o9t ) | 1
min g ' T 0.9
I f
i ‘ { l 1,5
L '

—= 0,95 1~ . l41,0->l “1,'0* L1,0-—-

7279123
l<——1,g ————>| ‘4—1,5——>|<——1'5—>|
' 7279122
Fig. 4 SOT-23 pattern. Fig. 5 SOT-89 pattern.

0,8 min 0,8 min

- 1,9 —»
e— 1,7 —»

min

|<~—1,2—> 7286820

Fig. 6 SOT-143 pattern.
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SOLDERING
RECOMMENDATIONS

SOLDERING RECOMMENDATIONS SOT-103

Transistors in SOT-103 envelopes may be mounted with leads flat (Fig. 1) or bent (Figs 2 and 3).
Different soldering procedures apply for the different styles of mounting.

FLAT-LEAD MOUNTING
Soldering by hand

Avoid putting any force on the leads during
or just after soldering.

Solder the four leads one at a time, not
simultaneously.

Proceed from one lead to the adjacent lead, not
to the opposite one.

BENT-LEAD MOUNTING

If leads are bent, all four may be soldered
simultaneously if desired.

DIP OR WAVE SOLDERING

When dip or wave soldering, the maximum
allowable temperature of the solder is 260 ©C.
This temperature must not be in contact with
the joint for more than 5 seconds. The total
contact time of successive solder waves must
not exceed 5 seconds. The device may be
mounted up to the lead projections, but the
temperature of the body must not exceed the
specified storage maximum.

printed

1

v, 00w

7258780.2

Fig. 1

Solder temperature max. 300 ©°C
CAhldarina +ima maw B e
UIUTH llls LHHNc 1HIaNn. ~ 9
Solder-to-case distance min. 2 mm

_ J’ ll=| printed

circuit
7258791.1 boqrd
. Fig. 2
Solder temperature max. 300 ©°C
Soldering time max. 10 s

@I 1 h\ printed

" :*~circuit

7277413

Fig. 3
Solder temperature max. 260 ©C
Soldering time max. 5s
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THERMAL
CHARACTERISTICS

THERMAL CHARACTERISTICS
OF SOT-23 AND SOT-143 ENVELOPES

The heat generated in a semiconductor chip normally flows by various paths to the surroundings
(ambient).

7289072.A
Fig. 1.

1. Heat radiation from the envelope to ambient (1).
This heat transfer can be neglected when the envelope is mounted on a substrate or printed

circuit board.
2. Heat transmission via leads (2) soldering points (3) and substrate (4).

I junction
Rthj-t
f tab

Rthj-a ] Rtht-s
soldering
points
Rths-a
—t-—I—- ambient
7289073

Fig. 2 Thermal behaviour of heat flow when the device is mounted on a substrate or printed circuit
board.

Rth j-t = Thermal resistance from junction to tab.

Rth t-s = Thermal resistance from tab to soldering points.

Rth s-a = Thermal resistance from soldering points to ambient.
Rth j-a = Thermal resistance from junction to ambient.
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THERMAL

CHARACTERISTICS

Heat transfer directly from envelope to ambient

This depends on the difference between the temperatures of envelope and the surroundings. When the
device is mounted on a substrate or printed circuit board direct heat flow can usually be neglected in

relation to the heat flow via leads and substrate.
Thus the thermal model can be as in Fig. 3.

l junction
Rthj-t
P ow
Rtht-s
soldering
points
Rths-a
I ambient
7289077

Fig. 3 Basic thermal model.

Heat transfer from junction to tab

-

This is an internal heat transfer and has been measured. In general i
for high-frequency transistors, low-power diodes and (MOS) FETs
for low-frequency and switching transistors

for low-frequency medium-power transistors

Heat transfer from tab to soldering points

This value has also been measured for SOT-23 with Pyo < 350 mW
for types of semiconductors in this envelope with Py < 425 mW
for types of semiconductors in a SOT-143 envelope this value is

Heat transfer from soldering points to ambient

60 K/W
50 K/W
30 K/W

280 K/wW
260 K/wW
310 K/W

This depends on the shape and material of tracks and substrate. In figures 4 and 5 standard mounting
conditions are given to set up the maximum power ratings for SOT-23 and SOT-143 encapsulations.

40
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Thermal characteristics of SOT-23 and SOT-143 envelopes THERMAL
CHARACTERISTICS

ceramic

ceramic
substrate

substrate

Cu leads 20mm
®05mm

Cu leads 20 mm

7 T Sin 20,5 mm
infinite heatsink or plug 7289075
7,

infinite heatsink or plug 7286899

Fig. 4 Test circuits SOT-23 and SOT-143 mounting conditions on a ceramic substrate.

200 7289076.1
Rths-a 1. 2
(K/W) \\
N
100 ~<c A
?\

FH—
' ~8

50 1 :\‘\‘
I }
| !
[ |
! I

20 } 0
! I
I I
| 1

10 1 1

0,1 0,2 0,5 1 2 5 10
area (cm?2)

Fig. 5 Heat transfer from soldering points to ambient.

1. Ceramic substrate

Point A on the curve in Fig. 5 is for an area of the ceramic substrate of 8 mm x 10 mm x 0,7 mm for
the maximum rating of all high-frequency, low-frequency and switching transistors and also for all
diodes.

Point B on the curve in Fig. 5 is for an area of the ceramic substrate of 15 mm x 15 mm x 0,7 mm for
the maximum rating of low-frequency medium-power semiconductors.

2. Printed circuit board
Rth s-a = 150 K/W for SOT-23 and SOT-143 envelopes mounted on a printed circuit board.
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THERMAL
CHARACTERISTICS

The values for the thermal resistance from junction to tab, and tab to soldering points, are mentioned

on page 2 and Fig. 5.
The formula for devices in SOT-23 with one crystal can be generalized:

Tj=P(Rthjt* Rth ts + Rths-al * Tamb

junction i1 jzl junction
Rthj-t Rthj-t i ‘
Py P
tab 1 72 tab
Rth t-
tht-s Rtht-s
soldering ‘ soldering
oints points
pon Ptot
Rths-a Rths-a
ambient L[ ambient
7289077 : 7289074
Fig. 6 Thermal model of SOT-23 envelopes Fig. 7 Thermal model of SOT-23 envelopes
with one crystal. with two crystals (double diode).

The formulae for devices with two crystals (double diodes) are:
Ttab = Ptot * (Rth t-s * Rth s-a) * Tamb = Ptot (280 +90) + Tamp,
Ti1 =(P1xRthj-t) + Ttab =P1 - 60+ Tap
Ti2 =(P2x Rth j-t) + Trap = P2 - 60 + Ttap

As mentioned on page 2:

Rth j-t for diodes is 60 K/W.

Rth s-a (area 8 mm x 10 mm x 0,7 mm) = 90 K/W.

Rth t.s for all semiconductors in SOT-23 = 280 K/W.
Thus:

Tj1=60Pq +370 Prot + Tamb-

Tj2 = 60 P2 +370 Piot + Tamp-

42 November 1982



DEVICE DATA
J-FETs






BC264A to D

N-CHANNEL SILICON FIELD-EFFECT TRANSISTORS

Symmetrical N-channel planar epitaxial junction field-effect transistors in a plastic TO-92 variant; in-
tended for hi-fi amplifiers and other audio-frequency equipment.

QUICK REFERENCE DATA

Drain-source voltage +Vpg max. 30 V
Total power dissipation up to Tymp =25 °C Ptot max. 300 mwW
Junction temperature Tj max. 150 °C
Drain cuirent

Vps=15V;Vgs =0 IDSS 2to12 mA
Transfer admittance (common source)

Vps=15V;Vgs=0;f=1kHz |Yis| typ. 3,6 mS
Noise figure at Vpg =15 V;Vgg =0

f=1kHz; Rg =1MQ F < 2 dB
MECHANICAL DATA Dimensions in mm

Fig. 1 TO-92 variant.

Pinning:
1= drain
2 = source

3 = gate g_@d
s - Y ouo

MBB114 \ * min
]

< 52max —>fe———— 12,7min

—

-t ,i 0,49
max
4

| 7270994.2

diameter within 2,5max
is uncontrolled > -

Note: Drain and source are interchangeable

(April 1989
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BC264A to D

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134)

Drain -source voltage
Drain-gate voltage (open source)

Gate -source voltage (open drain)
Gate current

R _ 920
Total power dissipation up to Tamb 25 9C
Storage temperature

Junction temperature

THERMAL RESISTANCE

— From junction to ambient in free air

46

Vbco
-VGso

Peot

stg

Ren j-a

max. 30
max. 30
max. 30
max. 10
max. 300

-65 to +150
max. 150
= 420

<

mA

mw

°c
oc

K/W
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N-channel silicon field-effect transistors BC264A toD

CHARACTERISTICS
Tj=25 OC unless otherwise specified
Gate cut-off current BC264A [ B [ C D
-Vgs =20V;Vps =0 -1ass < 10| 10} 10| 10 nA
Drain current 1)
> 2,013,550 7,0 mA
VDs =15 V: VGs = 0 IDss < 45(6580[12,0 mA
Gate-source breakdown voltage
-lg=1pA;Vpg =0 -V(BR)GSS =~ 301 30({30] 30 V
Gate-source voltage
Ip=200pA ; Vpg =15V -Vgs > 0,410,404 0,4 V
> 02| — | — -V
ID=10mA; Vpgs =15V Vas - 12| - |- _ v
> - 10,4 — -V
ID=1,5mA; Vpg =15V -VGs < N R - v
> -1 -105] = V
ID = 2,5 mA; VDS =15V ‘VGS < _ _ 1’5 _ v
> - |l=-1-106V
ID = 3,5 mA; VDS =15V —VGS - _ _ _ 1,6 V
Gate-source cut-off voltage
Ip= 10nA;Vps=15V -V(P)GS > 0,5(0,5(0,5( 0,5 V
y-parameters at Tamp = 25 °C
Vps =15V;Vgs =0; f=1kHz
Transfer admittance | ves| > 2,5(30(35]| 40 mS
-~
Vpg=15V; -Vagg=1V;f=1MHz
Input capacitance Cis typ. 4.0 pF
Feedback capacitance Crs typ. 1,2 pF
Output capacitance Cos typ. 1,6 pF
Noise figure at f = 1 kHz; Rg = 1 MQ
typ. 0,5 dB
= . = . = (o]
VDps =15V; Vgs = 0; Tamp = 25 °C F 2 2 dB
Equivalent noise voltage at Tamb = 25 °C
VDs = 15 V; Vgg = 0; f = 10 Hz Va/VB  typ. 40 nv/VHz

1) Measured under pulse conditions.
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BC264A to D

15 7267141
typical behaviour of Ip versus -Vgg and Vpg
Ip
A 17 Vps=15V typ. values| ]
(m ) __: Tj=25 oC szzs oc '—:
10
Vgs=0
— 1]
rrrrT B
5 4 -Vgs=0,5V 1]
-
p
typ A I 1
i
l|,5
2
0 — , l
Fig. 2
7267137 7267136
R =ss Szasm: 10 T
. val -
» RY e
(mA) [ [N N Tj=25°C H Tds on I tg IR
NN N (k<) SIESsSITS
\\ N \\ gﬂcg _C(g L O
1AL N /
[\
\
R [
\ \
\ / / /
1 T
\[{\ ] 1]
]
\ \ JARY/
L 819 AV
10 Y /1] typ. values | | |
\ \ / Vps=0
” ml oA 71/ f=1kHz e
RN 2 // Tamb =25 °C
ol ol | ollD 2o2d
atr a1 atTa ~
10-2 ] ‘ l l 10-1
0 1 2 3 4 0 1 2 3 4
-Vgs (V -Vgs (V)
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N-channel silicon field-effect transistors
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BC264A to D
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J L BF245A TO C

N-CHANNEL SILICON FIELD-EFFECT TRANSISTORS

General purpose symmetrical N-channel planar epitaxial junction field-effect transistors in a plastic
T0-92 variant; intended for applications in I.f. and d.c. amplifiers, and in h.f. amplifiers.

QUICK REFERENCE DATA

Drain-source voltage +Vps max. 30 V
Gate-source voltage (open drain) -VGso max. 30 V
Total power dissipation up to Tamp =75 °C Piot max. 300 mW
) BF245A/0 | A | B | C
Drix/m cu=rr1egtv. Vec =0 | > 05 |20 | 6|12 mA
DS 1VGS DSS <« 21 |65]|15|25 mA
Gate-source cut-off voltage

Ip=10nA;Vpg=15V -V(P)GS 0,25t080 V
Feedback capacitance at f = 1 MHz

Vps=20V;-Vgs=1V;Tamp=25°C Crs typ. 1,1 pF
Transfer admittance (common source)

Vps=15V;Vgs=0;f=1kHz; Tamp =25°C |Y¥s| 30t06,5 mS
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-92 variant.

Pinning:
1 =drain
2 = source d
3 = gate
9 9 ‘®: s — —Youo

<+ 5,2max —*

Il

diameter within ZSmux

is uncontrolled

Note: Drain and source are interchangeable

\Q _ *min

[ 12,7min ————

i

! , *o,ag
* max

\ 7270994.2

N/,
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BF245ATOC

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Drain-source voltage +Vps max. 30 vV
Drain-gate voltage (open source) VDGO max. 30 V
Gate-source voltage (open drain) -VGso max. 30 V
Drain current Ip max. 25 mA
Gate current e max. 10 mA
Power dissipation
up to Tamp =75 °C Ptot max. 300 mW
up to Tamp =90 °C Piot max. 300 mW 1)
Storage temperature Tstg —65to + 150 ©C
Junction temperature Tj max. 150 °C

THERMAL RESISTANCE
From junction to ambient in free air Rthj-a = 200 K/W
From junction to ambient Rthj-a = 200 K/W

CHARACTERISTICS
Tj = 25 OC unless otherwise specified

Gate cut-off current BF245A B C
-VGgs=20V;Vpg=0 -1Gss < 5 5 5 nA
~VGs=20V;Vpg=0;Tj=125°C —-lgss < 05 0,5 0,5 uA

Drain current 2)

> 2 6,0 12 mA

VbDs=15V:Vgs=0 'Dss 3) <65 [150 | 25 mA

Gate-source breakdown voltage
—lg=1uA;Vps=0 ““V(BR)GSS > 30 30 30 V

Gate-source voltage

Ip=200uA;Vpg =15V -Vgs 3) 0.4 16 32V

2,2 3,8 75 V

NV

1) Transistor mounted on printed circuit board, maximum lead length 3 mm, mounting pad for drain
lead minimum 10 mm x 10 mm.

2) Measured under pulse conditions: tp =300 us; & < 0,02.
3) BF245A/0: Ipgg =0,5t0 2,1 mA; -Vgg=0,2t0 1,0V
BF245A/1: Ipgg = 1,9 t0 3,0mA; --Vgg =0,4t0 1,0 V
BF245A/2: Ipgg=3,0to 45 mA; -Vgg=0,7to 1,4V
BF245A/3: Ipgg=45t065mA; -Vgg=1,11t02,2 V.
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N-channel silicon field-effect transistors

BF245A TO C

Gate-source cut-off voltage
Ip=10nA;Vpg=15V
y-parameters at Tamp = 25 ©C (common source)
Vps=15V;Vgs=0
=1kHz Transfer admittance
Output admittance
f=200 MHz Input conductance
Reverse transfer admittance
Transfer admittance
Output conductance

Vps=20V;-Vgg=1V
f=1MHz Input capacitance

Feedback capacitance
Output capacitance
Cut-off frequency *
Vps=15V;Vgg=0

Noise figure at f = 100 MHz; Rg = 1 k§2 (common source)

Vps=15V;Vgs=0; Tamp =25 °C
input tuned to minimum noise

* The frequency at which g¢g is 0,7 of its value at 1 kHz.

“V(P)GS 0,25t0 8,0 V
lytg! 3,0t06,5 mS
IYos! typ. 25 uS
is typ. 250 uS
Vrs! typ. 1,4 mS
lyfsl typ. 6 mS
9os typ. 40 uS
Cis typ. 4,0 pF
Crs typ. 1,1 pF
Cos typ. 1,6 pF
fgfs typ. 700 MHz
F typ. 1,56 dB

-
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BF245ATOC
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N-channel silicon field-effect transistors BF245A TO C
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BF245A TO C
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N-channel silicon field-effect transistors BF245A TO C

7262708
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BF245A TO C
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typ. values
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N-channel silicon field-effect transistors

BF245ATOC
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BF245ATO C
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BF245A TO C

N-channel silicon field-effect transistors
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BF247A to C

N-CHANNEL SILICON FIELD-EFFECT TRANSISTORS

Symmetrical n-channel planar epitaxial junction field-effect transistors in plastic TO-92 variants,

intended for v.h.f. and u.h.f. amplifiers, mixers, and general purpose switching.

QUICK REFERENCE DATA

Drain-source voltage

Total power dissipation up to Tgmp = 25 °C

Drain current
Vps=15V;Vgs=0

Gate-source cut-off voltage
Ip=10nA;Vpg=15V

Feedback capacitance at f = 1 MHz

Ip=10mA; Vpg=15V

Transfer admittance (common source)
Ip=10mA;Vpg=15V;f=1kHz

tVpsg
Ptot

IDSs

-V(pP)GS

CFS

lyfs!

max. 25 V
max. 250 mwW
BF247A [ B | Cc
> 60 110 mA
< 140 | 250 mA
06to 145 V
typ. 3,5 pF
> 8 mS

MECHANICAL DATA
Fig. 1 TO-92 variant.
Pinning:

1=drain
2 = source

3 = gate d
LT

MBB114

Note: Drain and source are interchangeable

Dimensions in mm

— Y040

<— 5,2max —*

I

diameter within 2,5max

: *min

— 12,7min ——

,i 0,49

max
, 4

7270994.2
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BF247A to C

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Drain-source voltage +Vps max. 25 V
Gate current Ig max. 10 mA
Total power dissipation

up to Tamp =25 °C Piot max. 250 mW
Storage temperature Tstq —65 to + 150 ©C
Junction temperature Tj max. 150 °C

THERMAL RESISTANCE
From junction to ambient in free air Rth j-a = 500 K/W

CHARACTERISTICS

Tamb =25 °C
Gate cut-off current BF247A B C
-Vgs=15V;Vps=0 —lgss < 5 5 5 nA
Meniom Atimeanme®
vraitl curiciiu
> 30 60 | 110 mA
Vbs=15V:Vgs=0 'Dss < 80 | 140 |250 mA
Gate-source breakdown voltage
—lg=1urA;Vpg=0 -V(BR)GSS 25 25 25 V
Gate-source voltage
> 1,5 3,0 55V
Ip=200uA;Vpg =15V -Vgs < 40 70 (120 v
Gate-source cut-off voltage
Ip=10nA;Vpg=15V -V(P)GS 06to145 V
Transfer admittance (common source) > 8 mS
Ip=10mA; Vpg=15V; f=1kHz lyfsl typ 17 mS

Capacitances at f = 1 MHz
Ip=10mA; Vpg=15V

feed-back capacitance Crs typ. 3,5 pF
input capacitance Cis typ. 11 pF
output capacitance Cos typ. 5 pF

Cut-off frequency * *
Vps=15V;Vgg=0 fgfs typ. 450 MHz

* Measured under pulse conditions; ty = 300 us; § <0,02.
** The frequency at which g¢g is 0,7 of its value at 1 kHz.
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J L BF256A to C

N-CHANNEL SILICON FIELD-EFFECT TRANSISTORS

Symmetrical N-channel planar epitaxial junction field-effect transistors in a plastic TO-92 variant; in-

tended for v.h.f. and u.h.f. applications.

QUICK REFERENCE DATA

Drain-source voltage +Vps max. 30 V
Gate-source voltage (open drain) -VGSo max. 30 V
Total power dissipation up to Tamp =75 °C Piot max. 300 mW
Drai BF256A | B | C
rain current
s >3 I 6 ; 11 mA
Vbs =15 Vi Vgs =0 'Dss <7 13 | 18 mA
Feedback capacitance at f = 1 MHz
Vps=20V;-Vgs=1V;Tamp =25°C Crs typ. 0,7 pF
Transfer admittance (common source)
Vps=15V;Vgs=0;f=1kHz; Tgmp =25°C |Yfs| > 45 mS
Power gain at f = 800 MHz
Vps=15V; Rg=47 Q Gp typ. 11 dB
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-92 variant.
Pinning;
1 =drain
2 = source
3 = gate d
9 s I — 0,‘}0
“f min
MBB114 —
- < 5,2max —»|< 12,7min >
T —— j_‘ 0,49
" * max
48 254 0,67 — )
max

diameter within 2,5max
is uncontrolled -

Note: Drain and source are interchangeable

7270994.2
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BF256A to C

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Drain-source voltage +Vpg max. 30 V
Drain-gate voltage (open source) VDGO max. 30 Vv
Gate-source voltage (open drain) -VGso max. 30 V
Gate current Ig max. 10 mA
Total power dissipation
up to Tymp =75 °C Ptot max. 300 mw
up to Tamp =90 °C Ptot max. 300 mW 1)
Storage temperature Tstg —65 to + 150 ©C
Junction temperature T; max. 150 °C

THERMAL RESISTANCE

From junction to ambient in free air Rthj-a = 250 K/W
From junction to ambient Rthj-a = 200 K/W1)
CHARACTERISTICS
Tamb = 25 ©C unless otherwise specified
Gate cut-off current

—-VGs=20V;Vpg=0 —lgss < 5 nA
Drain current 2) BF256: I B I c

> 6|11 mA

VDs=15ViVGs =0 'bss3 < 7 [13‘18 mA
Gate-source breakdown voltage

~IG=1uA; Vpg=0 -V(BRIGSS > 30 Vv
Gate-source voltage

Ip=200uA; Vpg =15V -Vgg 3) 05t075 V

1) Transistor mounted on printed circuit board, maximum lead length 3 mm, mounting pad for drain
lead minimum 10 mm x 10 mm.

2) Measured under pulse conditions: tp = 300 us; § <0,02.
3)BF256B/1: Ipgg =6 to 8 mA; —-Vgg=1,4t02,6 V.
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N-channel silicon field-effect transistors

BF256A to C

y-parameters (common source)
Transistor admittance at f = 1 kHz
Vpg=15V;Vgg=0
Output capacitance at f= 1 MHz
Vpg=20V;Vgg=0
Feedback capacitance at f = 1 MHz
Vps=20V;-Vgg=1V

Cut-off frequency
Vpg=15V;VGgg=0

Noise figure at f = 800 MHz
Vpg=10V;Rg=47Q

Power gain at f = 800 MHz
Vps=15V; Rg =47 Q

1) Measured under pulse conditions: t, = 300 us; 6 < 0,02.
2) The frequency at which gyg is 0,7 of its value at 1 kHz.

typ.

typ.

typ.

typ.

typ.

typ.

1,2

0,7

7,5

’

1

mS 1)
mS 1)

pF

pF

GHz 2)

dB

dB

\ (March 1984
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BF256A to C
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BF256A to C

N-channel silicon field-effect transistors
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BF256A to C

7262923
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N-channel silicon field-effect transistors BF256A to C
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BF256A to C
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N-channel silicon field-effect transistors

BF256A to C
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BF256A to C
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N-channel silicon field-effect transistors

BF256A to C

7262914
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J L BF410A to D

N-CHANNEL SILICON FIELD-EFFECT TRANSISTORS

Asymmetrical N-channel planar epitaxial junction field-effect transistors in a plastic TO-92 variant;
intended for applications up to the v.h.f. range.

These FETs can be supplied in four Ipgg groups. Special features are the low feedback capacitance and
the low noise figure. Thanks to these special features the BF410 is very suitable for applications such
as the r.f. stages in f.m. portables (type A), car radios (type B) and mains radios (type C) or the mixer
stage (type D).

QUICK REFERENCE DATA

Drain-source voltage Vps max. 20 \Y
Drain current (d.c. or average) D max. 30 mA
Total power dissipation
up to Tamp =75 °C Piot mMax. 300 mW
BF410A B C D
Drain current
- . - > 0,7 25 6 10 mA
Vps=10V:Vgs =0 DSS = 30 |70 | 12 | 18 mA
Transfer admittance (common source)
Vps=10V;Vgg=0;f=1kHz '\/fs} > 2,5 4 6 7 mS
Feedback capacitance
Vps=10V;Vgs=0 Crs typ. 0,3 0,3 — — pF
Vps=10V;Ip=5mA Crs typ. — — 0,3 0,3 pF
Noise figure at optimum source admittance
Gg=1mS; —Bg=3mS; f =100 MHz
Vps=10V;Vgs=0 F typ. 1,6 1,5 - — dB
Vps=10V;Ip=5mA F typ. - - 15 1,5 dB
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-92 variant.
Pinning: '
1= drain T 1— 0,40
2 = source \ — 4 min
3 = gate
<+- 52max —>je—— 12,7min —————»
b ] ,i 0,49
i 4 7 ’ max
48 254 m— !
max
| e ]
L4 ' 72709942
diameter within 2,5max
1= upcontrolied e -
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BF410A to D

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Drain-source voltage
Drain-gate voltage (open source)
Drain current (d.c. or average)

Gate current

Total power dissipation up to Tamp =75 °C

Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air

STATIC CHARACTERISTICS

Tamb = 25 °C

Gate cut-off current
-Vgs=02V;Vps=0

Gate-drain breakdown voltage
Ig=0;—Ip =10 uA

Drain current
Vps=10V;Vgs=0

Gate-source cut-off voltage
Ip=10uA;Vps =10V

—-lgss
—V(BR)GDO

IDSS

-V(P)GS

AV

typ.

Vps max. 20
VDGO max. 20
Ip max. 30
tlg max. 10
PtOt max. 300
Tstg —65 to + 150
Tj max. 150
Rth j_a = 250
BF410A B C D
10 10 10 10
20 20 20 20
07 | 25 6 10
30 | 7.0 12 18
08 156 | 22 3

\Y

\Y%
mA
mA
mW
oC
oC

K/W

nA

mA
mA

78
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N-channel silicon field-effect transistors BF410A to D

DYNAMIC CHARACTERISTICS
Measuring conditions (common source): Vpg = 10 V; Vgg = 0; Tamp = 25 OC for BF410A and B
Vps=10V; Ip=5mA; Tagmp = 25 °C for BF410C and D

y-parameters (common source) BF410A B C D
Input capacitance at f = 1 MHz Cis < 5 5 5 5 pF
Input conductance at f = 100 MHz gis typ. 100 90 60 50 uS
. _ typ. 03 1|03 0,3 0,3 pF
Feedback capacitance at f = 1 MHz Crs < 04 | 04 04 04 pF
Transfer admittance at f = 1 kHz |Vfs | > 25 4.0 4.0 3,5 mS
V@gs = 0 instead of Ip = 5 mA lves| > - - 6,0 7,0 mS
Transfer admittance at f = 100 MHz 'yfs | typ. 35 | 55 5,0 5,0 mS
Output capacitance at f = 1 MHz Cos < 3 3 3 3 pF
Output conductance at f = 1 MHz 9os < 60 80 100 120 uS
Output conductance at f = 100 MHz %0s typ. 35 55 70 90 uS
Noise figure at optimum source admittance
Gg=1mS; —Bg =3 mS; f= 100 MHz F typ. 16 | 156 1,5 1,5 dB
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BF410A to D

7274941

1.5
CI’S
(pF)
1,0
\
Fig. 2 Vgg = 0 for BF410A and BF410B;
Ip =5 mA for BF410C and BF410D;
f=1MHz; Tgmp = 25 oC.
0,5
N typ
-~
-
0 0
0 0 ypgv) 20
10 7274942
T
BF410D
"/
ty. | DCAINN /‘/
I stl DIr=ivy /
Z
] '// -
A -
BF410A/ A LA
7R dVvd
y
A A
/
/Y
4
0
0 5 10 Ip (mA) 15

Fig. 3 Vpg=10V;f=1kHz; Tymp = 25 OC; typical values.
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JL BF510 to 513

N-CHANNEL SILICON FIELD-EFFECT TRANSISTORS

Asymmetrical N-channel planar epitaxial junction field-effect transistors in the miniature plastic

envelope intended for applications up to the v.h.f. range in hybrid thick and thin-film circuits. Special
features are the low feedback capacitance and the low noise figure. These features make the product
very suitable for applications such as the r.f. stages in f.m. portables (BF510), car radios (BF511) and

mains radios (BF512) or the mixer stage (BF513).

QUICK REFERENCE DATA

Drain-source voltage Vps max. 20 \
Drain current (DC or average) Ip max. 30 mA
Total power dissipation
up to Tamp =40 °C Ptot max. 250 mW -
BF510 | 511 512 | 513
Drain current
Vos = 10V; Vg =0 oS 2 30| 70| 12| 18 mA
Transfer admittance (common source)
Vps=10V;Vgg=0; f=1kHz lygsl > 25 4 6 7 mS
Feedback capacitance
Vps=10V;Vgs=0 Crs typ. 0.3 0.3 - — pF
Vps=10V;Ip=5mA Crs typ. - - 0.3 0.3 pF
Noise figure at optimum source admittance
Gg=1mS; —Bg =3 mS; f = 100 MHz
Vps=10V;Vgs=0 F typ. 15 1.5 - - dB
Vpg=10V;Ip=5mA F typ. - - 1.5 1.5 dB
MECHANICAL DATA
SOT23.
See also So/dering recommendations.
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BF510 to 513

MECHANICAL DATA 30 Dimensions in mm
Fig. 1 SOT23. 2.8 5] Pinning
—~ —Ga— [ oo

T~ | | @ R e

. d
+ 2 A g s
—_—
10° il 01 ' . T Marking code
mex max l Ve 23 BF510 = S6
\ 1o f BF511 =87
— 10
¥ /, max & ! BF512 =S8
\ 3" BF513 =59
- 1 _.\/ 0 _,]
max . 30° 0)[,8_0'1 B 7296885
max
TOP VIEW
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Drain-source voltage Vps max. 20 V
Drain-gate voltage (open source) Vpgo max. 20 V
Drain current (DC or average) Ip max. 30 mA
Gate current tlg max. 10 mA
— Total power dissipation up to Tamp = 40 °C (note 1) Ptot max. 250 mW
— Storage temperature range Tstg —65 to + 150 °C
— Junction temperature Tj max. 150 °C

THERMAL RESISTANCE
From junction to ambient (note 1) Rthja = 430 K/W

Note

1. Mounted on a ceramic substrate of 8 mm x 10 mm x 0.7 mm.
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N-channel silicon field-effect transistors

BF510 to 513

STATIC CHARACTERISTICS

Tamb =25 °C

Gate cut-off current
-VGgs=0.2V;Vps=0

Gate-drain breakdown voltage
Ig=0;—lp =10 A

Drain current
Vps=10V;Vgs=0

Gate-source cut-off voltage
Ip=10pA;Vpg=10V

DYNAMIC CHARACTERISTICS
Measuring conditions (common source):

y-parameters (common source)

Input capacitance at f = 1 MHz
Input conductance at f = 100 MHz

Feedback capacitance at f = 1 MHz

Transfer admittance at f = 1 kHz
Vgs = 0 instead of Ip =5 mA
Transfer admittance at f = 100 MHz

Output capacitance at f = 1 MHz
Output conductance at f = 1 MHz
Output conductance at f = 100 MHz

—lgss
—V(BR)GDO

IDSs

-V(pP)GS

AV

typ.

BF510 | 511 | 512 | 513
10 10 10 10 nA
20 20 20 20 VvV
0.7 25 6 10 mA
3.0 7.0 12 18 mA
0.8 15 | 2.2 3V

Vps = 10 V; Vgs = 0; Tamb = 25 OC for BF510 and BF511

Vps = 10V; Ip = 5 mA; Tamp = 26 OC for BF512 and BF513

Cis
9is
Crs

lyfs!
lyss!
Iyfs!
Cos
9os
90s

Noise figure at optimum source admittance

Gg= 1mS; —Bg =3 mS;
f=100 MHz

F

<

typ.
typ.

typ.

typ.

BF510 | 511 | 512 | 513

5 5 5 5 pF
100 | 90 | 60 | 50 uS
03 | 03 | 03| 03pF
04 | 04 | 04 | 04 pF
25 | 40 | 40| 35 mS
- - | 60| 7.0 ms
35 | 55 | 50 | 50 mS

3 3 3 3 pF
60 | 80 | 100 | 120 ws
35 | 55 | 70 | 90 uS
15 | 15 | 15 | 15dB

November 1985
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BF510 to 513

7274941

1,5
Crs
(pF)
1,0
\
\
0,5
¢ tYP
™~
-
—
Fig. 2 Vgg = 0 for BF510 and BF511; u
Ip =5 mA for BF512 and BF513; 0 i
f=1MHz; Tamp = 25 ©C. 0 10 Vps (V) 20
10 7274942A
T
BF513
Pt
P
[ Vs | BF512 — -
BF511 W L
(mS) P =
Pa ,// 1
e /] > "/V
r/ /'//
511 BF510 4 “
l// | o
/4 Y
7
v/
0 .
0 5 10 Ip (mA) 15

Fig. 3 Vpg=10V; f=1kHz; Tymp = 26 OC; typical values.
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N-channel silicon field-effect transistors

BF510 to 513

300 7221920
Piot
(mw)
200 \
--—
\\
N
N
100 \
° 100 200
0 Tamb (°C)
Fig.4 Power derating curve.
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BFQ10 to 16

DUAL N-CHANNEL FETS

Dual symmetrical n-channel silicon planar epitaxial junction field-effect transistors in a TO-71 metal
envelope, with electrically insulated gates and a common substrate connected to the envelope; intended
for high performance low level differential amplifiers.

QUICK REFERENCE DATA

Characteristics measured at Tamp = 25 °C; Ip = 200 wA; Vpg = 15 V

BFQ10 11 12 13 14 15 16

Difference in
gate eurrant laigl < 10] 10| 0] 10| 10| 10| 10 pA
Gate-source
voltage difference |Avgs| < 5| 10| 10| 10| 15| 20 | 50 mV
Thermal drift of

dAv
gate-source voltage —G—SI 5 5 10 20 20 40 50 uV/K
difference a7
Transfer con- 91fs >098 | 098 {098 | 098 |0.98 |0.95 |0.95
ductance ratio 92fs <1.02 | 1.02 {1.02 | 102 {1.02 |1.05 |1.05
Difference in Ll < 6| 6| 12| 12| 12] 20| 30 @
transfer impedance dfs
Difference in 9os
penetration factor A TR < 18 30 40 50 60 70 | 100 wuVv/V -
Common mode Animn ~ oF on ar o an an on  an
rejection ratio CiViIRR P 9o Yu 00 [e}e] [e1V] ouv ouU ab -
MECHANICAL DATA Dimensions in mm

Fig. 1 TO-71.
All leads insulated from the case.

Pinning
1= source 1
2 =drain 1
3 =gate 1  — v
4 = source 2 48 9— %%1)(
5 =drain 2 m’qx — + "
6 = gate 2 v 3

d1 d2 |

<_n?§x_,<__ 12,7min ——| 7266906.2
gl
s1  s2
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BFQ10 to 16

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Drain-source voltage

Drain-gate voltage (open source)
Gate-source voltage (open drain)

Voltage between gate 1 and gate 2

Drain current

Gate current

Total power dissipation up to Tymp = 75 °C
Storage temperature range

Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air

+V DS
VbGo
-VGso
V1G-2G
D

Ie

Ptot

max.
max.
max.
max.
max.
max.
max.

max.

30

30

30

40

30

10

250

—65 to + 200
200

500

K/W

88
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Dual N-channel FETs BFQ10 to 16

CHARACTERISTICS (total device)
Tamb = 25 ©C unless otherwise specified

Measured at: Ip = 200 uA; Vpg = 15 V except for drain current ratio.

BFQ10 1 12 13 14 15 16

Drain current ratio (note 1)\ oo < 097 | 0.95 | 0.95 | 0.95 | 0.92 | 0.90 | 0.80

Vpg=15V;Vgg=0 —==
12D-255 < 1.03 | 105105 | 1.05 | 1.08 | 1.10 | 1.20

Difference in

gate current lalgl < 10 10 10 10 10 10 10 pA

Gate-source

voltage difference AVgsl < 5| 10| 10 10, 15| 20| 50 mV

Thermal drift of dAV
gate-source voltage . GSl < 5 5 10 20 20 40 50 wV/K
difference 7
Transfer g1fs > 0.98 | 098 | 098 | 0.98 | 0.98 | 0.95 | 0.95
conductance ratio g92fs < 1.02 | 1.02 | 1.02 | 1.02 | 1.02 | 1.05 | 1.05
Difference in 1
transfer impedance (note 2) IAgfs < 6 6 12 12 12 20 30 Q
Difference in a5 < 18| 30| 40| 50| 60 70| 100 WVN <—
penetration factor (note 3) [~ gfs
Common mode
rejection ratio (note 4) CMRR > 95 90 85 85 80 80 80 dB -
Notes
1. Measured under pulse conditions.
2. The difference in transfer impedance is equal to the ratio of the change of the gate-source voltage
difference to the change of drain current, at constant drain-gate voltage.
1 dAv
A—="2GS 4 VpG = constant).
9fs dlp
3. The difference in penetration factor is equal to the ratio of the change of the gate-source voltage
difference to the change of drain-gate voltage, at constant drain current.
dav
(Aggs_= 2276s at |p = constant).
9fs dVpG
4, Common mode rejection ratio:
CMRR (in dB) = —20log|A 295 |,
9fs
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BFQ10 to 16 JL

CHARACTERISTICS (Individual transistor)
Tamb = 25 ©C unless otherwise specified
Gate cut-off current
-VGgg=20V;Vpg=0
—Vgs=20V;Vpg=0; Tagmp = 125°C
Gate current
Ip =200 uA; VpGg =15 V; Tagmp = 125 °C
Drain current (note 1)
Vps=15V;Vgg=0
Gate-source voltage
Ip=200 uA; Vpg =15V
Gate-source cut-off voltage
Ip=1nA;Vpg=15V
Transfer conductance at f = 1 kHz
Ip=200uA;Vpg =15V
Output conductance at f= 1 kHz
Ip =200 uA;Vpg =15V
Input capacitance at f = 1 MHz (note 2)
Ip =200 uA; Vpg =15V
Feedback capacitance at f = 1 MHz (note 2)
Ip=200 uA;Vpg =15V

Equivalent noise voltage
Ip =200 uA;Vpg=15V;
B = 0.6 to 100 Hz

Notes

1. Measured under pulse conditions.
2. Measured with case grounded.

-1Gss
—lgss

IDSs
-VGs
-V(P)GS
9fs

90s

AWAN

100
20

10

0.5to0 10

2.7

0.5t0 3.5

1.0

1.0

0.5

pA
nA

nA

mA

mS

uS

pF

pF

uVv

90
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Dual N-channel FETs

BFQ10 to 16

7267190

103 =
i ——
Igss -Vgs=20V
(nA) Vps=0
102 = £
—7
7
10 =
Y typ
1 v 4
107! =
/'/
1072
1073
0 50 100 150 Tj (°C) 200

W ﬁ)ecember 1972
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BFQ10 to 16

7267189

10
Ip I
(mA) Vpg =15V ,’ typ. values
Tj=25 oC i TJ=25 oC
7,5
/
/
[
5 Vgg=0
/
i/
Al
max/ ] -VGs=0,5V
2,5
Gy
typ
/ / 1v
0 J/ min
7,5 5 2,5 0 5 10 15
~Vgs (V) Vps (V)
10 I ] — 7267191
T 1T 11
typ. values
Vps=15V 1
Vs f=1kHz -
(mA/V) Tamb =25 0C 5 5‘9?* P
oz
S S
0‘66\/% Ao
o7
1 \95///
o
oz
1071
10-2 107! 1 Ip (mA) 10
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Dual N-channel FETs BFQ10 to 16

7267187 10 7267186

6 N O N
typ. correlation between —V(P)GS N A A
and Ipgg typ. values T
B Ip=200pA
T LTI T T D ]
~V(P)GS EEEEE [Yos| f=1kHz | []
(at Ip=1nA) Vps=15v - @A) || I\ Tamp=25°C
DS ]
V) Tj=25°C [ ] AR\
4 \
\
AN
L 1 \‘\DSSQJO
2
» N
N Pss 2 N
S5
v Mg T
2 - D
4 SSQ l
p. 05 ’\\\
N N
'l
0 1071
0 5 10 0 5 10 15 20
IDSS at VGS:O (mA) VDS V)
10 7267192
s
typ. values P
Vps=15V P
[Vos| f=1kHz 7
9%
i
o'
1 -
7
o
=
Ipss =10 mA ';/,
F—t+—t L
Ipss =5 mA 1] =
Ipgs = O,é‘) nliA 17
107!
1072 107! 1 Ip (mA) 10

w (July 1974



BFQ10 to 16

7267188

7267185

T T T 1 1 I O O O |
HEENE [T LT
10 Vpg=15V - 0,6 Vpg=15V -
c Tamp=25 °C c Tamb=25°C H
is f=1MHz — s f=1MHz -
(pF) case grounded [ (PF) case grounded —
7,5 0,5 Pt typ
A\
5 0.4
typ
2,5 < 0,3
0 0,2
0 2,5 5 7,5 0 2,5 5 7,5
-Vgs (V) -Vgs (V)
7267193
€n
(__nV ) Y 15V
Via DS =
Hz 1 = 200pA
Tamp =25 °C
102
P~
T typ
\\\\\
lO -
\‘\‘
oy
Py \
T~
1
10 102 103 104 f (Hz) 105
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BFR30
BFR31

N-CHANNEL SILICON FIELD-EFFECT TRANSISTORS

Planar epitaxial symmetrical junction field effect transistor in a microminiature plastic envelope.
It is intended for low level general purpose amplifiers in thick and thin-film circuits.

QUICK REFERENCE DATA

Drain-source voltage +Vpg max. 25 \%
Gate-source voltage (open drain) -VGgso max. 25 \Y
Total power dissipation up to Tamp =40 °C Piot max. 250 mwW -—

BFR30 | BFR31

Drain current

min mA

Vps=10V;Vgs=0 IDSS  max. mA

Transfer admittance (common source) min S

Ip=1mA;Vpg =10 V;f=1kHz |vts| max. $s
MECHANICAL DATA Dimensions in mm Marking code
Fig. 1 SOT-23. BFR30 =M1
3,0 BFR31=M2

2,8
0150 . Pinning
0:090 . - 1 =drain
A ] (Elz@llE] 2-suc

3 = gate

oy : !
max | 1,4 25 d
\ 1,2 max 9 s
|t 10° y
f max HE

Ve
4—”1(4)(—» 30° 0,&8_8’1—’ E 7296885
max

TOP VIEW

Note: Drain and source are interchangeable.

See also Soldering recommendations.
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BFR30

BFR31
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Drain-source voltage tVps max. 25 \
Drain-gate voltage (open source) VbGgo max. 25 Y,
Gate-source voltage (open drain) -VGso max. 25 \
Drain current Ip max. 10 mA
Gate current Ig max. 5 mA
—= Total power dissipation up to Tamp = 40°C* Ptot max. 250 mw
— Storage temperature range Tstg —65 to + 150 ocC
— Junction temperature Tj max. 150 oc
THERMAL RESISTANCE
From junction to ambient* Rthj-a = 430 K/W
CHARACTERISTICS
Tj= 25 OC unless otherwise specified
1
Gate cut-off current —~——BFR30 BFR3
-Vgs=10V;Vpg=0 —lgss max. 0.2 0.2 nA
Drain current .
_ . _ min. 4 1 mA
Vps=10ViVgs =0 'Dss max. 10 5 mA
Gate-source voltage -

— ) _ min. 0.7 0 \
Ip=1mA;Vps=10V -Vas max. 3.0 13 v
Ip =50 pA;Vpg=10V -Vags max. 4.0 2.0 \%

Gate-source cut-off voltage
Ip=05nA;Vpg=10V -V(p)gs  max. 5 25 \%
y parameters
Transfer admittance at f = 1 kHz; Tymp = 25 °C min 1.0 15 mS
Ip=1mA;Vpg=10V nysl max. 4.0 4.5 mS
Ip=200 uA; Vpg =10V |vfs| min. 0.5 0.75 mS
Output admittance at f = 1 kHz
Ip=1mA;Vpg=10V [Yos| max. 40 25 uS
IDp =200 uA; Vpg =10V ]Vosl max 20 15 uS

* Mounted on a ceramic substrate of 8 mm x 10 mm x 0.7 mm.
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N-channel silicon field-effect transistors BFR30

BFR31

y parameters (continued)

) BFR30 |BFR31
Input capacitance at f = 1 MHz _—

Ip=1mA;Vpg=10V Cis max. 4 4 pF

Ip =200 uA; Vpg =10V Cis max. 4 4 pF
Feedback capacitance at f = 1 MHz; Ty = 25 °C

Ip=1mA; Vpg =10V Crs max. 15 15  pF

Ip = 200 uA; Vpg = 10 V Crs max. 1.5 15  pF

Equivalent noise voltage
Ip =200 uA; Vps = 10V

B =0.6to 100 Hz Vn max. 0.5 0.5 uVv
300 7221920
Ptot
(mw)
-
200 \\
\\\
N
100 \\
\
N
o]
0 100 . og) 200

Fig.2 Power derating curve.
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BFR30
BFR31

103 7262138.1

oV —

V
Iess v
(nA)

102

10

tYP/

1072

™

N

1073
0 50 100 150 T; (°C) 200

Fig.3.
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BFR30

N-channel silicon field-effect transistors

BFR31
15 7262141
TTT1 BFR30
TI1 1]
- Vps =10V
F1T1T;j=25°C
Lo : typical values—+
(mA) Tj=25°C [T
10
4
4
’I
max *Vgs=0V
5 LA V.
/ 7 0.5
" typy/ 7 -
Z )4 A .
4 /r V g
4 . 5
ming v 1,.
Cd A ,[r - 12
4 -Vgs (V) 2 0 5 Vos (V) 10
Fig.4.
6 7262142
e BFR31
L1 { vps =10V !
L+ T:=25°C
Ip 128 typical values—j
(mA) 7 Tj=25°C [
4 1
-Vgs =0V
U -
711 o
0.2
max—+# i
T
4 0.4
2 A dnress =
YP. 0,~6,
et [ 1
- 0.8
y min — h
7 y 7 1
4 A 1.2
0 ’ ‘
4  -Vgs (V) 2 0 5 Vps (V) 10
Fig.5.

August 1971
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BFR30

6 7262135 6 7262134
BFR30 BFR31
N ] -
™ typical values I [
(nﬁi) - S Vps=10V | (mZ) typncul_ values n
h T ps =10V
3 | I
. Vos=0V
4 NG - A
Ny S
T~ e \‘
NS
N N _ M
=1 10.5  Ves =0V
— —
I~ N~ I ——
e~ 0.2
2 —— 2 L O’L
i
s - 0.6
0.8
2 1l
1.2
T
0 0 |
25 75 Tj (°c) 125 25 75 T (°c) 125
Fig.6. Fig.7.
6 7262130
typical correlation between -Vp)gs
and Ipgg
Vevos [T 7]
at Ip=0.5nA Voo= 10V
DS* 1
v Tj=25°C [ 1]
4L J,‘
4
A
/f
/'
2
7
1'
"’]F.R:,O
1T
0 BFR N
0 5 10
Ipss at Vgs=0 (mA)
Fig.8.
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N-channel silicon field-effect transistors

BFR30
BFR31

10

nysl
(mA/V)

7.5

2.5

100

|y°5|
(pA/V)

75

50

25

7262139
typical values
VDS=10V
f=1kHz
Tamb=25°C
|4 BFR31 -
LT L—+—"T"1 BFR30
/ g
]
L1
/
yZd
2 3 4 5 Ip(mA) 6
Fig.9.
7262140
typical values
Vpg=10V
f=1kHz
Tamb=25°C
/%
BFR3 —r1
T
-t B
1 —— BFR31
1 Lt
T
’/ =
A
2 3 4 5 Ip (mA) 6
Fig.10.

August 1971
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BFR30

BFR31
10 Tt
typical values|[—]
| f=1kHz —
Yos!| Tamb=25°C [
(pA/V)
103
\
\
\ID-AmA
102 \
|1
1}
\
‘ - -
\\‘ImA ] B-'R130
N
N
N BFR31
10 L
0 10 20 Vps(V) 30
Fig.11.
7'5 7262133 15 7262132
Vps=10V Vps=10V
Cic f=1MHz |—] f=1MHz |—]
(p;) Tamb=25°C -Crs Tamb=25°C
(pF)
5 1
~~—‘F_~l3
\\
2.5 3 0.5
S~ —tYP
0 0
0 2.5 -Vgs (V) 5 0 25 -Vgg (V) 5
Fig.12. Fig.13.
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N-channel silicon field-effect transistors BFR3O

BFR31
10¢ T
RN 1 ) S -
en VDS=10V u
nv Tamp = 25°C i
‘Vhz ! BFR30 Ip=4ma [
10? BFR31 Ip=1 mA
10?
.‘.F“I\
o~y
10 \\Ng. typ
“uy
N BFR31
BFR30
1 ]
10 102 103 104 10° 108 f (Hz) 107
Fig.14.
101‘ 7262137
L m————
in VDS=10V E:j
fA Tqmb=25°c 1_H
Vhz '} BFR30 Ip-=4mA [
0? BFR31 Ip=1 mA
102
BFR31
BFR30
10 Z
typ
1
10 102 10° 104 105 108 f (Hz) 107
Fig.15.
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BFR101A
BFR101B

N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTOR

Symmetrical n-channel silicon junction field-effect transistor, designed primarily for use as a source
follower with the input protected against successive voltage surges by a forward and reverse integrated
diode.

QUICK REFERENCE DATA

Drain-source voltage tVpg max. 30V
Gate-source voltage (open drain) -Vgs max. 30V
Total power dissipation up to Tamp = 60 °C Ptot max. 200 mW
Drain current
Vps=6V;Vgg =0: BFR101A Ipss 0,2t0 1,5 mA
Vps=6V;Vgg=0: BFR101B IDss 1,0t0 5,0 mA
Transfer admittance (common source)
Vps=6V;Vgs=0; f=1kHz: BFR101A lyfs! > 1,2 mS
Vps=6 V;Vgs=0; f=1kHz: BFR101B lyss! > 2,5 mS
MECHANICAL DATA Dimensions in mm Marking code
Fig. 1 SOT-143. BFR101A'= M97
3,0 BFR101B = M98
0,150 2,8
0,090
N0 -~ — >
7~ @ [Eb@kE]
A 3]
||
Al o 3 ' f d
10° max 1,4 2,5 9
max 1,2 max $
L | X100 !
max
! \ f A
1 2
\/ ' J I diodes
e — |~ | e ei@Iale]
max 088 oy 048 g4 -
’ 1,7 — 7285014.7 Pinning
= gate
TOP VIEW 2 ~ diodes
3 = source
4 =drain

Note: Drain and source are interchangeable.

See also Soldering recommendations.
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BFR101A
BFR101B

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Drain-source voltage

Drain-gate voltage (open source)
Gate-source voltage (open drain)
Drain current (d.c.)

Gate current (d.c.)

Total power dissipation up to Tymp = 60 °C*

Storage temperature
Junction temperature

THERMAL RESISTANCE

From junction to ambient in free air*

+Vps
VDGO
-VGso
'p

e
Piot
Tstq

Tj

Rth j-a

CHARACTERISTICS with source connected to case for all measurements

Tj=25 OC unless otherwise specified

Gate leakage current
Vps=6V;Ip=10 A

Drain current
Vps=6V;Vgs=0

Gate-source cut-off voltage
Vps=6V;Iip=1uA

Small-signal common-source characteristics
Vps=6V;VGgs=0, Tagmp=25°C
Transfer admittance
f=1kHz

Output admittance at f = 1 kHz
Input capacitance at f = 1 MHz
diodes not connected

Diode capacitance
Vp = 0; source and drain not connected

Diode forward voltage
+lg=10mA

IDSS

-V(P)GS

IV£s!
Iyos‘

Cq

VF

max. 30

max. 30

max. 30

max. 20

max. 10

max. 200

—65 to + 150

max. 150

= 460
BFR101A BFR101B
< 5 5
0,2to 1,5 1to5b
0,2to 1 0,5to0 2,5
> 1,2 2,5
typ. 10 50
< 5 5
typ. 0,7 0,7
0,7to 1,2 0,7t0 1,2

*  Device mounted on a ceramic substrate of 8 mm x 10 mm x 0,7 mm.

< <

mA
mA
mW
oC
oC

K/W

nA

mA

mS
mS

pF

pF

\
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BFS21
BFS21A

MATCHED N-CHANNEL FETS

Matched pair of symmetrical n-channel silicon planar epitaxial junction field-effect transistors in TO-72
metal envelopes, mounted together in a metal S-clip.

These devices are intended for low level differential amplifiers.

QUICK REFERENCE DATA

Characteristics measured at Tymp =25 °C; Ip =0,5 mA; Vpg =15V

BFS21 | BFS21A
Gate cut-off current Ig < 05 0,5 nA
Gate -source voltage difference |AvVgs| < 20 10 mVv
Thermal drift of gate-source voltage difference 'd—Ad?I < 75 40 uV/K
1
Difference in transfer impedance lA —g < 15 75 Q
fs
Difference in penetration factor ‘A%O—S— < 1 05 mV/V
fs
Common mode rejection ratio CMRR > 60 66 dB

MECHANICAL DATA
SOT-52 (see next page)
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BFS21
BFS21A

TOTAL DEVICE Dimensions in mm

MECHANICAL DATA
SOT52

—» Pinning

1 = source

2 = drain

3 = gate

4 = shield lead
connected
to case

e —— =

N
| —
|-—

(A

min

bl

12f.7— l———-IB | ’U*%E’i

LJ 7258607.3

Maximum lead diameter is guaranteed only for 12,7 mm.

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Voltage between any 2 terminals \% max. 30 V
Drain current D max. 4 mA
Gate current I'e} max. 0,5 mA
Total power dissipation up to Tamp = 100 ©C Piot max. 30 mw
Operating ambient temperature Tamb —20to + 100 ©C
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Matched N-channel FETs BFS21
BFS21A

CHARACTERISTICS (total device)
Tamb = 25 ©C unless otherwise specified

BFS21 | BFS21A
Prain e Ve = 0 T = 25 OC ID1-51S > 095 | 095
DG VG T 102525 < 105 | 1.05
Gate-source voltage difference
Ip =500 uA; Vpg =15V |AVGs! < 20 10 mVv
Ip =100 uA; Vpg =15V lAVgsl < 20 10 mV
Thermal drift of gate-source voitage difference
d AVgg
Ip =500 uA; Vpg =15V 57 < 75 40 uV/K
d AVgg
Ip =100 uA; Vpg = 15V e < 75 40 pVv/K
Change of gate-source voltage difference with
ambient temperature
Tamb = 25 to 100 °C ‘
Ip =500 uA; Vpg =15V [AVGs (Tamb2) —AVGs (Tamb1) < 6 3 mVv
Ip=100 uA; Vpg =15V [AVGs(Tamb2) —AVGS(Tamb1)! < 6 3 mV
Difference of penetration factors*
9
Ip =500 uA; Vpg = 15 V Ag—"s < 05 107
fs
_ _ 90s 3
Ip =100 uA; Vpg =15V A—g—f— < 1 0.5 10
s
Difference of transfer impedances* *
Ip = 500 uA; Vpg = 15 V. Ag-1— < 15| 78 @
fs
Ip =100 uA; Vpg = 15 V A-g—'— < 75 | 315 Q
fs

*  The difference between the penetration factors is equal to the ratio of the change of the gate-source

voltage difference to the change of drain-gate voltage, at constant drain current.
Yos _ d AVGs
9s dVpg

** The difference between the transfer impedances is equal to the ratio of the change of the gate-source
voltage difference to the change of drain current, at constant drain-gate voltage.

1 d AVgs

(A

at Ip = constant)

at Vpg@ = constant)

January 1989
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BFS21
BFS21A

—

CHARACTERISTICS (continued) (total device)

Common mode rejection ratio* BFS21 | BFS21A
Ip=500uA;Vpg =15V CMRR > 60 66 dB
Ip=100uA;VpGg =15V CMRR > 60 66 dB

INDIVIDUAL TRANSISTOR
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)

Drain-source voltage *+ Vps max. 30 V
Drain-gate voltage (open source) VbGo max. 30 V
Gate-source voltage (open drain) -VGso max. 30 V
Drain current Ip max. 20 mA
Gate current g max. 10 mA
Total power dissipation up to Tgmqp = 25° Ptot max. 300 mW
Storage temperature Tstg —65 to + 200 °C
Jjunction temperatire Tj max. 200 °C

THERMAL RESISTANCE

From junction to ambient in free air Rthj-a
(for individual transistor without S-clip)

1]

590 K/W

* Common mode rejection ratio

(CMRR=T=425, 14 a1

9fs 9fs
where g¢g in this formula is the output
conductance of the summing current source.

The guaranteed values of CMRR apply at g¢g = 0.1 uQ

7258608
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Matched N-channel FETs

BFS21

BFS21A

CHARACTERISTICS (individual transistor)
Tamb = 25 OC unless otherwise specified
Gate cut-off current

Ip =500 A; Vpg = 15 V IG < 05 nA

Ip =500 uA; Vpg =15 V; Tamp = 100 °C Ig < 25 nA
Drain current

Vps =15 V;VGS=O;TJ=25°C IDss > 1 mA

Gate-source cut-off voltage
Ip=0.5nA; Vps=15V
Transfer conductance at f = 1 kHz
Ip =500 uA; Vpg =15V
Output conductance at f = 1 kHz
Ip = 500 nA; Vps =15V
Input capacitance at f = 1 MHz
Ip =500 pA; Vpg =15V
Feedback capacitance at f = 1 MHz
Ip = 500 uA; Vpg =15V
Equivalent noise voltage
f=10Hz
Ip =500 pA; Vpg =156V
Vps=15V;Vgg=0

-Vipgs < 6V

Ofs > 1.0 mS
9os < 15 uS
Cis < 5 pF
Crs < 0.75 pF
VhA/B < 200 nVA/Hz
VhA/B < 75 nVA/Hz

January 1989
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BFT46

N-CHANNEL SILICON FET

Symmetrical n-channel silicon epitaxial planar junction field-effect transistor in a microminiature plastic
envelope. The transistor is intended for low level general purpose amplifiers in thick and thin-film
circuits.

QUICK REFERENCE DATA

Drain-source voltage tVps max. 25V
Gate-source voltage (open drain) -VGso max. 25V
Total power dissipation up to T =40°C P max. 250 mW -
amb tot
Drain current
- _ > 0,2 mA
Vps=10V;Vgs=0 IDss % 15 mA
Transfer admittance (common source)
Ip=0,2mA;Vpg=10V;f=1kHz lyss! > 0,5 mS
Equivalent noise voltage
Vpg=10V; I =200 uA; B =0,6 to 100 Hz Vi < 0,5 uVv
MECHANICAL DATA Dimensions in mm Marking code
Fig. 1 SOT-23. 3,0 BFT46 = M3
2,8 .
0,150 inning
0,080 s - 1 =drain
I~ @ (ER2EMRE] 2-soue
3 = gate
1 2 1 1 '
T _f_ T 9 ~@: d
—||<«— 01 : '
o max 1,4 2,5 ’
/ 1,2 max
t_ Y00 |
X 7 max R
\ 37
1 _.\/ 0 _, |
max  30° 0:“8—0’1 B 7296885

max

TOP VIEW

Note : Drain and source are interchangeable. -

—
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BFT46

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)

Drain-source voltage *Vpg max. 25 V
Drain-gate voltage (open source) VpGo max. 25V
Gate-source voltage (open drain) -VGso max. 25 V
Drain current Ip max. 10 mA
Gate current IG max. 5 mA
—= Total power dissipation up to Tamp = 40°C* Ptot max. 250 mW
— Storage temperature range Tstg -65 to +150 ©°C
Junction temperature T max. 150 °C

THERMAL RESISTANCE

— From junction to ambient* Rth j-a = 430 K/W
CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Gate cut-off current
-Vgs=10V;Vpg=0 -lgss < 0,2 nA
Drain current
> 0,2 mA
Vpg=10V;Vgg= !
DS Gs=0 'Dss < 15 mA
Gate-source voltage
‘ > 0,1V
Ip =50 uA; Vpg = - '
- D= 504A;Vps 1oV VaGs < 10 V
Gate-source cut-off voltage
Ip=05nA; Vpg= 10V —V(P)GS < 12V
y-parameters at f = 1 kHz;
Vps=10V;VGgs=0; Tamp =25°C
Transfer admittance lyss! > 1,0 mS
Output admittance IYos! < 10 uS
Vps=10V; Ip =200 puA; Tamp= 25 °C
Transfer admittance lyss! > 0,5 mS
Output admittance IYos! < 5 uS

*

Mounted on a ceramic substrate of 8 mm x 10 mm x 0,7 mm.
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N-channel silicon FET BFT46

Input capacitance at f = 1 MHz;

Vps=10V;Vgs=0; Tamp = 25 °C Cis < 5 pF
Feedback capacitance at f = 1 MHz;
Vps=10V;Vgs=0; Taymp =25 °C Crs < 1,5 pF

Equivalent noise voltage
Vps=10V; Ip =200 pA; Tymp = 25 °C

B=0,6 to 100 Hz Vn < 0,5 nv
300 7221920
Piot
(mw)
200 \\
N
N
100 \\
N
0
0 100 gy 200

Fig.2 Power derating curve.
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BFT46

7278216
1,5 y
/
/
'D ;
(mA) i
/
1 !
/
4
/
_VGsz
max
" oV
4 ot
0 5 VA /,
‘ , / - 0,1V
=1 B
7 A i
A
i, / 02V
] [
. ,’ T
" / min ¥ 7 0,3V
hd Yy 7 —t
o Lo HHE 04V
—VGs(V) 0’5 0 10 Vos(V) 20
Fig. 3 Typical values. Vpg =10 V; Tj = 25 oC.
7278214 7277642
1 1,25
| ~V(p)GS
D tin=0,5nA
(mA) alp~
_ (/) N
_VGS=0V ] AV >
0,75 1
s e P
0,1V
typ
ey A
0 7 1/
& + ozv]| 0% HY4
1 1/
= T )4
/‘/‘7 03V
b
0,25 e g 0,5
P i
0 0,25
0 50 100 Tj(oc)150 0 0,5 1 1.5
IDSS (FHA) at VGS =0
Fig. 4 Typical values. Vpg =10 V. Fig. 5 Correlation between —V(p)Gs and Ipss.

Vps=10V; Tj =250C,
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N-channel silicon FET

BFT46

7277641A
4
nysl
(mS)
3
=
~
typ
2 2
/
/
y
1
/
/
0
0 0,25 0,5 0,75
Fig. 6
103 7277638
[ Yos|
(uA/V)
102
10 \
\
t
\VP
1
0 10 20 30
Vps (V)
Fig. 8

|Yos
(mS)

7277640A
/
4 7
; /
/
/
3
/ltvp
/
2 y
/
/
y
N/
/
[
0
0 0,25 0,5 0,75
ID (mA)
Fig. 7

Fig. 6 |yfsl versus Ip.
Vps =10 V; f=1kHz; Tay, = 25 °C.

Fig. 7 lyqgl versus Ip.
Vps =10 V; f=1kHz; Tamp = 25 OC.

Fig. 8 lygg! versus Vps.
Ip =0,4 mA; f=1kHz; Tymp = 25 °C.

October 1985
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BFT46

5 7278213
Cis
(pF)
4
\\
~
A
‘\.‘
-
B
2
0
0 2 ——VGs(V) 4
Fig. 9
10 7277639
lgss
(nA) /
4
: /|
y 4
4
typ
107!
II
1072 >
/
1073 100 1
50
0 T (°C)
Fig. 11

50

Fig. 10 Typical values.

Vps =10V, Tamp = 25 °C.

Fig. 11 Igss versus Tj.
-Vgss = 10V; Vpg = 0.

1[5 7278215
CI"S
(pF)
1
0,5
0
0 2 _vggiv) 4
Fig. 10
Fia. 9 Twvnical values
S 9 ypical vaiues
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N-channel silicon FET BFT46

7277644

104

€n
nV )
V Hz

103

102

t
10 ultyp

10 102 103 104 105 108 ¢ (yz 107
Fig. 12 Vps=10V; Ip=0,2 mA; Tymp = 25 °C.

7277643

104
in
fA

V Hz

103

102

10 #
typ

10 102 103 104 10° 108 ¢ (yz) 107
Fig. 13 Vpg=10V;Ip=0,2mA; Taqp = 25 °C.
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BFW10
BFW11 .

N-CHANNEL SILICON FETS

Symmetrical n-channel silicon planar epitaxial junction field-effect transistors in TO-72 metal envelopes
with the shield lead connected to the case. The transistors are designed for broad band amplifiers (0 to
300 MHz). Their very low noise at low frequencies makes these devices very suitable for differential
amplifiers, electro-medical and nuclear detector preamplifiers.

QUICK REFERENCE DATA

Drain-source voltage +Vps max. 30 Vv
Gate-source voltage (open drain) -VGso max. 30 \
Total power dissipation up to Tamp =25 °C Piot max. 300 mW
BFW10 | BFW11
Drain current > 8 _'”T mA
Vps=15V;Vgs=0 Ipss < 20 10 mA
Gate-source cut-off voltage
Ip=05nA;Vpg=15V ‘V(P)GS < 8 6 \Y
Feedback capacitance at f = 1 MHz
Vps=15V;Vgg=0 Crs < 0,80 0,80 pF
Transfer admittance (common source)
Vps=15V;Vgs =0; f =200 MHz |Yfs | > 3,2 3,2 mS
Noise figure at Vpg=15V;Vgg =0
f=100 MHz; Rg = 1 kQ F < 25 25 dB
Equivalent noise voltage
=10 Hz VoA/B < 75 75  nVA/Hz
MECHANICAL DATA Dimensions in mm
Fig.1 TO-72.
Pinning *
1 = source ¥
2 = drain lfe ﬁ%"ﬂ
3 =gate max
4 = shield lead
connected l
to case <« 53 »le— 12,7min ——|
max 7276999

Note: Drain and source are interchangeable.
Accessories: 56246 (distance disc).
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BFW10
BFW11

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Drain-source voltage

Drain-gate voltage (open source)
Gate-source voltage (open drain)

Drain current

Gate current

Total power dissipation up to Tymp = 25 ©°C
Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to ambient

*Vps
VDGO
-VGso
Ip

I
Piot
Tstg

Tj

Rthj-a

max. 30
max. 30
max. 30
max. 20
max. 10
max. 300
—65 to + 200
max. 200
= 590

\)

\%

\%
mA
mA
mW
oC
oC

K/W
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N-channel silicon FETs

BFW10

BFW11
CHARACTERISTICS
Tj=25 OC unless otherwise specified
Gate cut-off currents BFW10 | BFW11
-VGg=20V;Vpg=0 -lgss < 01 0.1 nA
-VGgs=20V;Vpg=0; T,' =1509°C -lgss < 05 0.5 uA
Drain current* > 8 4 mA
Vps=15V;Vgg=0 Ipss < 20 10 mA
Gate-source voltage > 20 v
Ip =400 uA; Vpg =15 V -VGgs < 75 v
> 1.25 V
Ip=50uA;Vpg=15V -VGs < 40 V
Gate source cut-off voltage
Ip=05nA;Vpg=15V -V(P)GS < 8 6 V
y parameters
Vpg=15V;Vgs=0; Tymp =25°C
1= 1kHe o il > 35 30 mS
ransfer admittance Yfs < 65 65 mS
Output admittance [Yos! < 85 50 us
typ. 4 4 pF
f =1 MHz; input capacitance Cis <yp 5 5 SF
. typ. 0.6 0.6 pF
Feedback capacitance Crs <yp 0.80 0.80 pF -
f =200 MHz; transfer admittance lyfgl > 32 32 mS
Input capacitance 9is < 800 800 uS
Output capacitance 9os < 200 100 wuS
Noise figure at f = 100 MHz; Rg = 1 kQ
Vps=15V;VGgs=0; Tagmp =25 °C
input tuned to minimum noise F < 25 25 dB
Equivalent noise voltage
Vps=15V;Vgs=0; Tagmp =25°C
f=10Hz VhA/B < 75 75 nVA/Hz
* Measured under pulsed conditions.
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BFW10

BFW11
7208477
BFW1 zof,
ma ni U}
HH giss
Vpg =15V T Htypical values HH
Tj__=25°C 4
15
—\AG =0
»
10
np4 v
S,
e 5 2V
: H
; . H
7 & /
= L 1
8 -Vgg(V) 6 4 2 0 10 Vos(V) 20
15 7208476
BFW1 ,
I
(mA)
Vpg =15V typical valuest
T =25°C
1
7
7 V6s=0
Vi ‘
y y
5 0.5V
S gnayans %
&/ . v
13 %
7’ Y ryd 15V
g N
» A § ZIV
T . i
4 -Vgs(V) 2 0 10 Vps(V) 20
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N-channel silicon FETs B FW1O
BFW11

7208475 7208474

Tt Vpg =15V H-—BFW10 } Vps =15V ~—— BFW1
typical values rJtypical values
20—+ - 8
Iob
(mAYCTT um
15 f !
S ' =
10— - -
P T
o B 'Iv_lqa_H
5 =] e
1 _?% 2V ]
' - - . -
:l H B I ENNES I
SaEsEESNs S anEaee 0
OO 50 100 Tj (°C) 150 0 50 100 TJ °C) 150
15 7262067
typical correlation between -V(p)Gs
-V, and Ipss
(PYGSI™T™TT TTT]
at Ip=0.5nA 111
(v Vps=15V
Tj =25°C |1
10
BFW10
<-BF W11
5
'/‘
0() 10 20

Ipss at Vgs=0 (mA)

July 1971
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BFW10

BFWM
10 7262070
1Y¢s _
(mA/V) typical values
Vps=15V
7.5 f=1kHz
Tamb=25°C
5 . BFW10
BFW11 |t
L~ |
Pl -
1
25 A -~
/!
0
0 25 5 7.5 10 125 Ip(mA) 15
100 7262071
1Yos| i
(pA/v) typical values
Vpg=15V
75 f=1kHz
Tamb =25°C
50 |t BFW10
A m——
—
L~
T L~ BF W11
25 -
] P
y.
7’
0
0 2.5 5 7.5 10 125 Ip(mA) 15
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N-channel silicon FETs

BFW10
BFW11
7262065 7262064
6 EEEEE 1 T
TTTTTTT T 111717
typical valuesi—1— typical values |-
Cis Tamb=25°C | Crs Tamb=25°C |
(pF) (pF)
4 1
M VDs=5V
b \‘\ N Vps=5V
Vps=15V Tt .
2 0.5 Vps=15V
0 0
0 5 -Vgs (V) 10 0 5 Vg (V) 10
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BFW10

BFW11
3 7262049 2 4 7262048
W0 = Ferwio] '° 10 E=m=ssat BEW10] '
] typical values H typical values
1 Ip=8mA / ] Ip=8mA
Sis I Vos=15V_ 7 bis, bes [ Vos=15Y -Crs
(pA/V) - Tamb = 25°C (mA[V) L { Tamp= 25°C
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/ b,7/
10? y 10 103 A 1
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/ /
/ /’ //
10 1 102 y 107"
y 4 Z
V4 7
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74
1 107 10 : 1072
10 102 f (MHz) 103 10 102 f (MHz)  10°
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15 - BFW10 10 E===saas arw1o] '°
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7 va
7z
.
Y
5 10 =4 107
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N-channel silicon FETs BFW10
BFW11
3 7262051 2 4 7262050
10 R masts. Fsrwit] '° 10 EFFE Brw11] 1°
—] typical values 7 I typical values
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BFW10
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BFW10
BFW11

N-channel silicon FETs

103 e
—V65=20 i |
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P é
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BFW12
BFW13

N-CHANNEL SILICON FETS

Symmetrical n-channel silicon planar epitaxial junction field-effect transistors in TO-72 metal envelopes
with the shield lead connected to the case. The transistors are intended for battery powered equipment
and other low current-low voltage applications.

QUICK REFERENCE DATA

Drain-source voltage +Vps max. 30 Vv
Gate-source voltage (open drain) -VGso max. 30 \Y,
Total power dissipation up to Tamp = 110 °C Piot max. 150 mW
BFW12 | BFW13
Drain current
> 1 0,2 mA

Vps=15V;Vgs=0 Ipss < 5 15 mA
Gate-source cut-off voltage

Ip=05nA;Vpg=15V -Vipgs < 2,5 1,2 \
Feedback capacitance at f = 1 MHz

Vps=15V,Vgg=0 Crg < 0,80 0,80 pF
Transfer admittance (common source)

Vps =15V;Ip =200 uA; f=1kHz |st I > 0,5 0,5 mS
Equivalent noise voltage

Vps =15 V; Ip =200 pA

B =0,6 to 100 Hz Vn < 0,5 0,5 uv
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-72.

inni 11

Pinning rﬁqsx < 45° *' -
1 = source N ! )
2 = drain - \
3 = gate \/_ , ) 48 *r?\’c?)!
4 = shield lead 117 1 max -

connected to max v\

case 4 I

- 53 »le— 12,7min

72769991 -
d . o .
9 s ) max

Note: Drain and source are interchangeable.

Accessories: 56246 (distance disc).
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BFW12
BFW13

RATINGS Limiting values inaccordance with the Absolute Maximum System (IEC 134)

Drain-source voltage *Vps max. 30 V
Drain-gate voltage (open source) VDGo max. 30 Vv
Gate-source voltage (open drain) -VGso max. 30 V
Drain current Ip max. 10 mA
Gate current Ig max. S5 mA
Total power dissipation up to Ty = 110 °C Peot max. 150 mw
Storage temperature Tstg -65to +200 °C
Junction temperature Tj max. 200 °c
THERMAL RESISTANCE

From junction t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>