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QUALITY ASSURED

Our quality system focuses on the continuing high quality of our
components and the best possible service for our customers. We have
athree-sided quality strategy: we apply a system of total quality control
and assurance; we operate customer-oriented dynamic improvement
programmes; and we promote a partnering relationship with our
customers and suppliers.

PRODUCT SAFETY

In striving for state-of-the-art perfection, we continuously improve
components and processes with respect to environmental demands.
Our components offer no hazard to the environment in normal use
when operated or stored within the limits specified in the data sheet.

Some components unavoidably contain substancesthat, if exposed by
accident or misuse, are potentially hazardous to health. Users of these
components are informed of the danger by warning notices in the data
sheets supporting the components. Where necessary the warning
notices also indicate safety precautions to be taken and disposal
instructions to be followed. Obviously users of these components, in
general the set-making industry, assume responsibility towards the
consumer with respectto safety matters and environmental demands.

All used or obsolete components should be disposed of according to
the regulations applying at the disposal location. Depending on the
location, electronic components are considered to be ‘chemical’,
‘special’ orsometimes ‘industrial’ waste. Disposal as domestic waste is
usually not permitted.
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DEFINITIONS

Data sheet status

Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.



PREFACE

Dear Customer,

We are pleased to introduce the new data handbook SC14: RF Wideband
Transistors.

It contains data on our extensive range of Wideband Transistors, covering five
generations of these devices.

Over the years we have built up an enviable reputation with these products,
providing cost-effective solutions in low noise amplifiers especially for cellular
and cordless telephony applications.

Our NEW 5" generation devices:

BFG403W, BFG410W, BFG425W and BFG21W are manufactured in our new
double-polysilicon technology, which dramatically improves the performance of
low-voltage, silicon-based RF transistors.

To assist you with actual design work, a CD ROM is included containing
application notes and SPICE models. Even a copy of the product specifications
of all types in this SC14 handbook is available on the CD ROM.

i H mla A vsaid e [ Y P Wy S R B o Y T LI
For further information, please visit our WWW site or contact your local Philips

¥
Semiconductors sales office or our franchised distributors.

1997 Sep 22 3
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RF Wideband Transistors Index

Types added to the range since the last issue of Handbook SC14 (1996 issue) are shown in bold print.

TYPE NUMBER PAGE TYPE NUMBER PAGE TYPE NUMBER PAGE
BF547 78 BFG198 279 BFQ136 461
BF547W 87 BFGA403W 288 BFQ149 467
BF689K 94 BFG410W 296 BFQ270 470
BF747 96 BFG425W 304 BFQ540 479
BF763 105 BFG505 312 BFQ621 483
BFC505 107 BFG505/XR 312 BFR53 491
BFC520 115 BFG505/X 312 BFR92 495
BFE505 122 BFG505W 321 BFR92A 504
BFE520 127 BFG505W/X 321 BFR92AW 512
BFG10 132 BFG505W/XR 321 BFR93 521
BFG10/X 139 BFG520 331 BFR93A 528
BFG10W/X 139 BFG520/X 331 BFR93AW 536
BFG11 145 BFG520/XR 331 BFR94A 545
BFG11/X 153 BFG520W 340 BFR106 551
BFG11W/X 153 BFG520W/X 340 BFR505 556
BFG16A 160 BFG520W/XR 340 BFR520 565
BFG17A 165 BFG540 351 BFR540 574
BFG21W 171 BFG540/X 351 BFS17 587
BFG25A/X 177 BFG540/XR 351 BFS17A 586
BFG25AW 185 BFG540W 360 BFS17W 590
BFG25AW/X 185 BFG540W/X 60 BFS25A 593
BFG25AW/XR 185 BFG540W/XR 360 BFS505 601
BFG31 196 BFG541 371 BFS520 610
BFG35 200 BFG590 380 BFS540 618
BFG67 209 BFG590/X 380 BFT25 626
BFG67R 209 BFG590/XR 380 BFT25A 631
BFG67/X 209 BFG590W 387 BFT92 639
BFG67/XR 209 BFG590W/X 387 BFT92W 644
BFG92A 219 BFG590W/XR 387 BFT93 653
BFGO2A/X 219 BFG591 395 BFT93W 658
BFGO2A/XR 219 BFMS505 404 BLT70 675
BFGO3A 228 BFM520 411 BLT71 683
BFGO3A/X 228 BFQ17 419 BLT71/8 692
BFG93A/XR 228 BFQ18A 422 BLT80 699
BFG94 237 BFQ19 425 BLT81 706
BFG97 247 BFQ34 428 BLT82 714
BFG135 258 BFQ67 435 BLT92/SL 722
BFG197 269 BFQ67W 442 MPSH10 730
BFG197/X 269 BFQ68 450 PMBT3640 733
BFG197/XR 269 BFQ135 456 PMBTH10 735
1997 Dec 18 7 PMBTHS1 739
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RF Wideband Transistors Selection guide
L _______________________________________________________________________________________|

FIRST GENERATION NPN WIDEBAND TRANSISTORS (fr up to 3.5 GHz)

PACKAGE
fr/lc CURVE LEADED SURFACE-MOUNT
(see Fig.1)
SOT54 SOT23 SOT89 SOT143 | SOT223 | SOT323
) BFT25
@ BF747
BF547 BF547W
BF689K
©) BF763 BFS17 BFS17W
@) BFS17A BFG17A
5) BFR53
6) BFQ17 BFG16A

SECOND GENERATION WIDEBAND TRANSISTORS (fr up to 6 GHz)

PACKAGE
t‘T(/S (I;; ('::liJF:VE POLARITY CERAMIC SURFACE-MOUNT
g1 SOT122 SOT23 SOT89 SO0T143 S0T223 SOT323
(note 1)
NPN BFR92(A) BFG92A BFR92AW
@ (X)UXR)
PNP BFT92 BFT92W
@) NPN BFR93(A) BFG93A BFG94 BFR93AW
(/X)(/XR)
9) PNP BFT93 BFT93W
(10) NPN BFR106 BFQ19 BFG97
PNP BFQ149 BFG31
(11) NPN BFQ34 BFQ18A BFG35
(12) NPN BFQ68
(13) NPN BFQ136
Note

1. SOT143 package is available with alternative pinning.
European pinning - no type number suffix; USA pinning - suffix /X; Japanese pinning - suffix /XR.
Brackets around the suffixes (/X) and (/XR) denote pinning options. No brackets means no options,
(e.g. BFG25A/X: only available with USA pinning).

1997 Nov 24 10
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RF Wideband Transistors
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THIRD GENERATION NPN WIDEBAND TRANSISTORS (fr up to 8 GHz)

PACKAGE
fr/1c CURVE CERAMIC SURFACE-MOUNT
(see Fig.1) SOT172 SOT23 SOT143 SOT223 SOT323
(note 1)
(14) BFQ67 BFG67 BFQ67W
(/X)(/XR)
(15) BFG197 BFG198
(/X)(/XR)
(16) BFQ135 BFG135
(17) BFQ270
Note
1. SOT143 package is available with alternative pinning.
European pinning - no type number suffix; USA pinning - suffix /X; Japanese pinning - suffix /XR.
Brackets around the suffixes (/X) and (/XR) denote pinning options. No brackets means no options,
(e.g. BFG25A/X: only available with USA pinning).
FOURTH GENERATION NPN WIDEBAND TRANSISTORS (fr up to 10 GHz)
PACKAGE
fr/1c CURVE | CERAMIC SURFACE-MOUNT
(seeFig.1) | "SoT172 | SOT23 | SOT143 | SOT223 | SOT323 | SOT343 | SOT353 | SOT363
(note 1) (note 1)
(18 BFT25A | BFG25A/X BFS25A | BFG25AW
) (X)(/XR)
(19) BFR505 | BFG505 BFS505 |BFG505W |BFC505 |BFM505
(/X)(/XR) (/X)(/XR) BFE505
20) BFR520 |BFG520 BFS520 |BFG520W |BFC520 |BFM520
(/X)(/XR) (/X)(/XR) BFE520
@1) BFR540 |BFG540 |BFG541 BFS540 | BFG540W
(IX)(/XR) (/X)(/XR)
(22) BFG590 |BFG591 BFG590W
(/X)(/XR) (/X)(/XR)
(23) BFQ621 BFG10(/X) BFG10W/X
(24) BFG11(/X) BFG11W/X
Note

1. SOT143 and SOT343 packages are available with alternative pinning.
European pinning - no type number suffix; USA pinning - suffix /X; Japanese pinning - suffix /XR.
Brackets around the suffixes (/X) and (/XR) denote pinning options. No brackets means no options,
(e.g. BFG10W/X: only available with USA pinning).

1997 Nov 24
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FIFTH GENERATION NPN WIDEBAND TRANSISTORS (fy up to 25 GHz)

PACKAGE
fT(;Lcecé%F:‘;E SURFACE-MOUNT
SOT343
(25) BFG403W
(26) BFG410W
(27) BFG425W
28) BFG21W
MSB643
50
ip 40
(GHz)
30
27)
(6) ~— (28)
20 AT A ™~
A, / /’ 5th n ti
/ generation
15+ (25) / />< /] l l ]
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Fig.1  Transition frequency as a function of collector current for the five generations of
RF bipolar wideband transistors.

1997 Nov 24 12
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RF Wideband Transistors Selection guide
PRODUCT DATA
RATIN
TYPE CfEIIIRI\?E POLARITY PACKAGE il
NUMBER ) Vceo Ic Piot
(see Fig.1) ) (mA) (mW)
BF547 @) NPN SOT23 20 50 300
BF547W @) NPN SOT323 20 50 300
BF689K 3) NPN SOT54 15 25 360
BF747 @) NPN SOT23 20 50 300
BF763 3) NPN SOT54 25 25 360
BFC505 (19) NPN SOT353 8 18 500
BFC520 (20) NPN SOT353 8 70 1000
BFE505 (19) NPN SOT353 8 18 500
BFE520 (20) NPN SOT353 8 70 1000
BFG10(/X) (23) NPN SOT143 8 250 250
BFG10W/X (23) NPN SOT343 10 250 400
BFG11(/X) (24) NPN SOT143 8 500 400
BFG11W/X (24) NPN SOT343 8 500 760
BFG16A (6) NPN SOT223 25 150 1000
BFG17A (4) NPN SOT143 15 50 300
BFG25A/X (18) NPN SOT143 5 6.5 32
BFG25AW(/X)(/XR) (18) NPN SOT343 5 6.5 500
BFG31 (10) PNP SOT223 15 100 1000
BFG35 (11) NPN SOT223 18 150 1000
BFG67(/X)(/XR) (14) NPN SOT143 10 50 380
BFG92A(/X)(/XR) @) NPN SOT143 15 25 400
BFGI3A(/X)(/XR) (8) NPN SOT143 12 35 300
BFG94 (8) NPN SOT223 12 60 700
BFG97 (10) NPN SOT223 15 100 1000
BFG135 (16) NPN SOT223 15 150 1000
BFG197(/X)(/XR) (15) NPN SOT143 10 100 350
BFG198 (15) NPN SOT223 10 100 1000
BFG403W (25) NPN SOT343 45 3.6 16
BFG410W (26) NPN SOT343 45 12 54
BFG425W (27) NPN SOT343 45 30 135
BFG505(/X)(/XR) (19) NPN SOT143 15(1) 18 150
BFG505W(/X)(/XR) (19) NPN SOT343 15(1) 18 500
BFG520(/X)(/XR) (20) NPN SOT143 15(1) 70 300
Note
1. chs.

1997 Nov 24 13
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PRODUCT DATA
CHARACTERISTICS, typical values
N!R(II;EER fr F Gum @f F Gum ef | v PL ITO @Ilc &Vce
(GHz) | (dB) (dB) (MHz)|(dB) (dB) (MHz)| (mV) (dBm) (dBm) (mA) V)
BF547 1.2 20 100
BF547W 1.2 20 100
BF689K 1.8 4 100 3 161 | 200
BF747 1.2 20 100
BF763 1.8 5 800
BFC505 7.3 1.8 900 3.5 2000
BFC520 7 1.3 900
BFES505 9 1.2 900 1.9 2000
BFE520 9 1.1 900 1.9 2000
BFG10(/X) 7@ 1900
BFG10W/X 10(2@®) | 900 70 1900
BFG11(/X) 5@) 1900
BFG11W/X 61 |1900
BFG16A 1.5 10 500
BFG17A 2.8 25 |15 800
BFG25A/X 5 1.8 |18 1000
BFG25AW(/X)(/XR) | 5 2 16 1000
BFG31 5 16 500 12 800 550 70 10
BFG35 4 15 500 1 800 750 100 10
BFG67(/X)(/XR) 8 1.7 |17 1000 [2.5 {10 2000
BFGO2A(/X)(/XR) |5 2 16 1000 |3 11 2000
BFGO3A(/X)(/XR) |6 1.7 |16 1000 |2.3 |10 2000
BFG94 6 2.7 500 3 13.5 | 1000 |500 21.5 34 45 10
BFG97 5.5 2 16 500 12 800 700 70 10
BFG135 7 16 500 12 800 850 100 10
BFG197(/X)(/XR) [7.5 23 |16 1000 10 2000
BFG198 8 18 500 15 800 700 70 8
BFG403W 17 1 900 1.6 2000 6 1 1
BFG410W 22 0.9 900 1.2 2000 15 10 2
BFG425W 25 0.8 900 1.2 2000 22 25 2
BFG505(/X)(/XR) |9 1.6 |20 900 |19 |13 2000 4 10 5 6
BFG505W(/X)(/XR) | 9 1.6 |19 900 1.9 |12 2000 4 10 5 6
BFG520(/X)(/XR) 9 1.6 |19 900 1.9 (13 2000 |275 17 26 20 6
Notes

1. Atdm=-60 dB, measured according to DIN45004B, par. 6.3: 3-tone test.

2. Minimum value.
3. Power gain Gp.

1997 Nov 24
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RF Wideband Transistors Selection guide
PRODUCT DATA
RATING
TYPE corve | poarmy | packace v :
NUMBER . CEO Ic Piot
(see Fig.1) V) (mA) (mW)
BFG520W(/X)(/XR) (20) NPN SOT343 15(1) 70 500
BFG540(/X)(/XR) 1) NPN SOT143 15(1) 120 500
BFG540W(/X)(/XR) @1) NPN SOT343 15(1) 120 500
BFG541 1) NPN SOT223 15(1) 120 650
BFG590(/X)(/XR) (22) NPN SOT143 15 200 400
BFG590W(/X)(/XR) (22) NPN SOT343 15 200 500
BFG591 (22) NPN SOT223 15 200 2000
BFMS505 (19) NPN SOT363 8 18 500
BFMS520 (20) NPN SOT363 8 70 1000
Note
1. Vces.

1997 Nov 24 15
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RF Wideband Transistors Selection guide
PRODUCT DATA
TYPE CHARACTERISTICS, typical values
NUMBER fr F Gum @f F Gum @f Vo) P ITO @lc &Vce
(GHz) | (dB) (dB) (MHz)|(dB) (dB) (MHz) | (mV) (dBm) (dBm) (mA) (V)
BFG520W(/X)(/XR) | 9 16 |17 900 1.85 | 11 2000 |275 17 26 20 6
BFG540(/X)(/XR) 9 19 |18 900 2.1 11 2000 |500 21 34 40 8
BFG540W(/X)(/XR) | 9 1.9 |16 900 2.1 10 2000 |500 21 34 40 8
BFG541 9 1.9 |15 900 21 |9 2000 |500 21 34 40 8
BFG590(/X)(/XR) |5 13 |900 75 2000
BFG590W(/X)(/XR) | 5 13 900 75 2000 21 80 5
BFG591 7 13 900 75 2000
BFM505 9 14 |17 900 1.9 |10 2000
BFM520 9 1.7 |15 900 19 |9 2000
Note

1. At dn=-60 dB, measured according to DIN45004B, par. 6.3: 3-tone test.

1997 Nov 24 16
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PRODUCT DATA

fr/le RATINGS
NUMBER CURVE POLARITY PACKAGE Veeo e Prot
(see Fig.1) ) (mA) (mWw)
BFQ17 (6) NPN SOT89 25 150 1000
BFQ18A (11) NPN SOT89 18 150 1000
BFQ19 (10) NPN SOT89 15 100 1000
BFQ34 (11) NPN SOT122 18 150 2700
BFQ67 (14) NPN SOT23 10 50 300
BFQ67W (14) NPN SOT323 10 50 300
BFQ68 (12) NPN SOT122 18 300 4500
BFQ135 (16) NPN SOT172 19 150 2700
BFQ136 (13) NPN SOT122 18 600 9000
BFQ149 (10) PNP SOT89 15 100 1000
BFQ270 (17) NPN SOT172 19 500 10000
BFQ540 (1) NPN SOT89 12 120 1200
BFQ621 (23) NPN SOT172 16 150 800
BFR53 (5) NPN SOT23 10 50 250
BFR92 (7) NPN SOT23 15 25 300
BFR92A (7) NPN SOT23 15 25 300
BFR92AW (7) NPN SOT323 15 25 300
BFR93 (8) NPN SOT23 12 35 300
BFR93A (8) NPN SOT23 12 35 300
BFR93AW (8) NPN SOT323 12 35 300
BFR94A (8) NPN SOT122 25 150 3500
BFR106 (10) NPN SOT23 15 100 500
BFR505 (19) NPN SOT23 15(1) 18 150
BFR520 (20) NPN SOT23 15(1) 70 300
BFR540 (21) NPN SOT23 15(1) 120 480
BFS17 (3) NPN SOT23 15 25 300
BFS17A (4) NPN SOT23 15 25 300
BFS17W ) NPN SOT323 15 50 300
BFS25A (18) NPN SOT323 5 6.5 32
BFS505 (19) NPN SOT323 15(1) 18 150
BFS520 (20) NPN SOT323 15(1) 70 300
BFS540 (21) NPN SOT323 15(1) 120 500
BFT25 (1) NPN SOT23 5 6.5 30
BFT25A (18) NPN SOT23 5 6.5 32
BFT92 (7) PNP SOT23 15 25 300
BFT92W (7) PNP SOT323 15 35 300
BFT93 (9) PNP SOT23 12 35 300
Note
1. Vces.
1997 Nov 24 17
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PRODUCT DATA
CHARACTERISTICS, typical values
NJ,T,,';',EER fr | F Guu @f| F Guu @f |V P ITO @Ilc &Vce
(GHz) | (dB) (dB) (MHz)|(dB) (dB) (MHz)| (mV) (dBm) (dBm) (mA) (V)
BFQ17 1.5 16 200 6.5 800
BFQ18A 4
BFQ19 5.5 3.3 |11.5 |500 7.5 800
BFQ34 4 8 16.3 | 500 1200 |26 45 120 15
BFQ67 8 1.7 |14 1000 |2.7 |8 2000
BFQ67W 8 2 13 1000 |2.7 |8 2000
BFQ68 4 13 800 1600 |28 47 240 15
BFQ135 6.5 17 500 13.5 |[800 1200 120 18
BFQ136 4 12.5 |800 2500 500 15
BFQ149 5 3.75 |12 500
BFQ270 6 16 500 10 1000 |1600 240 18
BFQ540 9 1.9 900 500 40 8
BFQ621 7 18.5 |500 1200 120 18
BFR53 2 5() 500 10.5 |800
BFR92 5 24 |18 500 150 14 10
BFR92A 5 21 |14 1000 |3 8 2000 |150 14 10
BFR92AW 5 2 14 1000 |3 8 2000
BFR93 5 1.9 |16.5 |[500
BFR93A 6 1.9 |13 1000 |3 7 2000 |425 30 8
BFR93AW 5 1.5 |13 1000 |2.1 |8 2000
BFR94A 3.5 8 200 5 13.5 | 500
BFR106 5 35 [11.5 |800 350 50 9
BFR505 9 1.6 |17 900 19 |10 2000 4 10 5 6
BFR520 9 1.6 |15 900 19 |9 2000 17 26 20 6
BFR540 9 1.9 (14 900 21 |7 2000 |550 21 34 40 8
BFS17 1 4.5 500
BFS17A 2.8 25 |135 800 150 14 10
BFS17W 1.6 4.5 500
BFS25A 5 1.8 |13 1000
BFS505 9 1.6 |17 900 1.9 |10 2000 4 10 5 6
BFS520 9 1.6 |15 900 19 |9 2000 17 26 20 6
BFS540 9 1.9 |14 900 21 |8 2000 21 34 40 8
BFT25 2.3 3.8 |18 500 12 800
BFT25A 5 1.8 |15 1000
BFT92 5 25 |18 500 150 14 10
BFT92W 5 25 |17 500 3 1 1000
BFT93 5 24 |16.5 |500 300 30 5
Notes

1. Atdjn=-60 dB, measured according to DIN45004B, par. 6.3: 3-tone test.

2. Maximum value.

1997 Nov 24
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PRODUCT DATA

fr/lc RATINGS
TYPE NUMBER CURVE POLARITY PACKAGE Veeo Ic Prot
(see Fig.1) %) (mA) (mW)
BFT93W 9) PNP S0OT323 12 50 300
MPSH10 NPN SOT54 25 40 1000
PMBT3640 PNP SOT23 12 80 350
PMBTH10 NPN SOT23 25 40 400
PMBTHS81 PNP SOT23 20 40 400
DEVELOPMENT TYPES
fr/lc RATINGS
TYPE NUMBER CURVE POLARITY PACKAGE Veeo I Prot
(see Fig.1) V) (mA) (mW)
BFG21W (28) NPN SOT343 4.5 200(1) 600
Note
1. Typical value.
1997 Nov 24 19
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PRODUCT DATA
TYPE CHARACTERISTICS, typical values
NUMBER F Gum @f F Gum @f Vo1 PL ITO @Ilc &V
(GHz) | (dB) (dB) (MHz)|(dB) (dB) (MHz) | (mV) (dBm) (dBm) (mA) V)
BFT93W 5 24 |155 (500 3 10 1000
MPSH10 0.65@
PMBT3640 0.5@
PMBTH10 0.65@
PMBTH81 0.6
Notes
1. Atd, =-60 dB, measured according to DIN45004B, par. 6.3: 3-tone test.
2. Minimum value.
DEVELOPMENT TYPES
CHARACTERISTICS, typical values
TYPE
NUMBER F Gum @f F Gum @f Vo P ITO @lc &Vce
(GHz) | (dB) (dB) (MHz)|(dB) (dB) (MHz)| (mV) (dBm) (dBm) (mA) )
BFG21W 180 [ 10@@ [ 1900 | ] | ] ]
Notes

1. At dj, =-60 dB, measured according to DIN45004B, par. 6.3: 3-tone test.

2. Minimum value.
3. Power gain Gp.

1997 Nov 24
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LINE-UPS
Analog cellular (AMPS, (E)TACS, NMT) 900 MHz
INPUT POWER P SUPPLY VOLTAGE
1st STAGE 2nd STAGE 3rd STAGE L
(mW) (W) )]
Bipolar
1 BFG540/X BLT80 BLT81 1.2 6
1 BFG540/X BLT70 BLT71 1.2 4.8
1 BFG10W/X BLT71/8 - 1.2 4.8
Digital cellular (GSM) 900 MHz
INPUT POWER P SUPPLY VOLTAGE
1st STAGE 2nd STAGE 3rd STAGE L
(mW) (W) ()]
Bipolar
1 [BFG540W/X | BFG10W/X BLT82 [35puised |6
Portable transmitters (860 MHz to 960 MHz)
INPUT POWER P SUPPLY VOLTAGE
15t STAGE 2nd STAGE 3rd STAGE L
(mW) w) v)
Bipolar
1 BFG540 BLT80 BLT81 1.2 6
15 BFG93A BLT80 BLT92/SL 3 7.5

1997 Nov 24
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RF wideband transmitters for pager front-end (see Fig.2)

FUNCTION TYPE NUMBER REMARKS

RF amplifier BFC505 higher gain, lower noise, high isolation (0.3 mA)
BFG403W high performance, low voltage, low current
BFR505 higher gain, lower noise (1 mA)
BFT25A lowest current (0.2 mA)

Oscillator, mixer or buffer | BFQ67 choice of the transistor is determined by the available current
BFR92A and the required performance
BFR505
BFT25A

antenna

RF amp

prescaler

mixer
IF out

buffer

oscillator

L tni
I/ T tuning
MGC028 4

Fig.2 Typical front-end section for pagers.

1997 Nov 24
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RF wideband transistors for the receiver section in cordless/cellular phones (see Fig.3)

FUNCTION TYPE NUMBER SYSTEM(;';E)Q UENCY FEATURES
LNA BFC505 1900 high isolation gain, low noise current
BFG410W 900; 1900; 2500 very low noise
BFG425W 900; 1900; 2500 very low noise
BFR505 900; 1900 good performance at low current (1 mA)
BFR520 900; 1900 higher gain, lower noise (10 mA)
Mixer BFE505 900; 1900 balanced mixer in a single SOT353 package
BFG505 900; 1900 good performance, low current
BFG410W 900; 1900; 2500 low noise, high isolation
BFG520 900; 1900 higher power to IF (10 mA)
BFR93A 900 low cost, acceptable performance
Buffer and VCO BFG410W 900; 1900; 2500 excellent isolation
BFG505 1900 buffer and VCO in a single SOT353 package
BFQ67 900 third generation, good performance
BFR92A 900 excellent VCO, good buffer, low-cost
BFR93A 900 excellent VCO, good buffer, low-cost
BFR505 900; 1900 good VCO, high-gain buffer, low current
BFR520 900; 1900 good VCO, higher output power
IF BFS17A 40 to 100 any first or second generation transistor
RX NRF amp mxer > IF d
> o lRdetecer
buffer amp oscillator:
antenna |
prescaler n :
tuning iﬂ— |
\: bUP vco |
prescaler T T T T T T T T T T T 4
— ——— e
0 bufferamp _ oscillator |
|
™ <] i <] |
| buffer ) + !
power amp amp tuning $ :
VCO 4 |
______________ J
MGC027
Fig.3 Typical RF section for cordless and cellular phones.
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Selection guide

RF wideband transistors for the receiver section in cordless/cellular phones (see Fig.3)

SYSTEM
FUNCTION | FREQUENCY SOT23 SO0T323 SOT143 () | SOT343 () SOT353 SOT363
(MHz)
LNA 900; 1900 BFR505 BFS505 BFG505 BFG505W BFC505 BFM505
900; 1900 BFR 520 BFS520 BFG520 BFG520W BFC520 BFM520
Mixer 900 BFR93A BFR93AW | BFG93A
900; 1900 BFR505 BFS505 BFG505 BFG505W BFE505 BFM505
900; 1900 BFR520 BFS520 BFG520 BFG520W BFE520 BFM520
Buffer and 900 BFR92A BFR92AW | BFG92A
vCo 900 BFR93A BFR93AW |BFG93A
900 BFQ67 BFQ67W BFG67
900; 1900 BFR505 BFS505 BFG505 BFG505W BFC505 BFM505
900; 1900 BFR520 BFS520 BFG520 BFG520W BFC520 BFM520
IF 40 to 100 BF547 BF547W
BFS17 BFS17W BFG17A
BFR92A BFR92AW BFG92A
Note
1. Also available in /X and /XR versions.
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RF wideband transistors for the power amplifier section in cordless/cellular phones (see Fig.4)

SUPPLY VOLTAGE Pout
SYSTEM SOT143 SOT343
V) (mw)
CT1,CT1+, 3.3 driver for PA2 BFG67
CT2, CT2+, BFG505 BFG505W
T3 BFG520 BFG520W
15 BFG67
20 BFG520 BFG520W
40 BFG540 BFG540W
DECT, PHP 3.3 400 BFG540/X BFG540W/X
BFG10/X BFG10W/X
BFG11/X BFG11W/X
PA2 PA1
f——<]——<‘\ 900 MHz CT1, CT1+, CT2, CT2+, CT3
/ \
// PB3 PB2 PB1 \\
/ /—<]——<——_<_\ \ 1.9 GHz DECT, PHP, DCSI800
/s NN
/, PC3 PC2 PC1 O
/L N\ from
to antenna +—& — — — —<}—<}—<}— ——— 3« vCOo/ 900 MHz GSM
\S N , 7 modulator
\\ N PD3 PD2 PDI s //
\ ;Q_H/ y 900 MHz AMPS, (E)TACS, NMT
\ / (discrete)
\  PAMod /

900 MHz AMPS, (E)TACS, NMT

Fig.4 Typical power amplifier section for cordless and cellular phones.
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REPLACED/WITHDRAWN TYPES
The following type numbers were included in the previous issue of this data handbook, but are not in the current edition.

TYPE NUMBER REASON FOR DELETION

BFC540 Development stopped. Replaced by BFC520
BFG67W Discontinued. Replaced by BFG67
BFG67W/X Discontinued. Replaced by BFG67/X
BFG67W/XR Discontinued Replaced by BFG67/XR
BFG92AW Discontinued. Replaced by BFG92A
BFG92AW/X Discontinued. Replaced by BFG92A/X
BFG92AW/XR Discontinued. Replaced by BFG92A/XR
BFG93AW Discontinued. Replaced by BFG93A
BFG93AW/X Discontinued. Replaced by BFG93A/X
BFG93AW/XR Discontinued. Replaced by BFG93A/XR
BFG197W Discontinued. Replaced by BFG197
BFG197W/X Discontinued. Replaced by BFG197/X
BFG197W/XR Discontinued Replaced by BFG197/XR
BFM540 Discontinued. Replaced by BFM520
BFP91A Discontinued

BFP96 Discontinued

BFQ66 Discontinued

BFE540 Development stopped. Replaced by BFE520
BFY90 Discontinued

BFX89 Discontinued

BFW30 Discontinued

BFQ53 Discontinued

BFQ22S Discontinued

BFQ63 Discontinued

BFQ52 Discontinued

BFQ24 Discontinued

BFW16A Discontinued

BFR95 Discontinued
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RF Wideband Transistors Marking codes

TYPE NUMBER TO PACKAGE AND MARKING CODE TYPE NUMBER PACKAGE MARKING CODE
TYPE NUMBER PACKAGE MARKING CODE BFG197/X SOT143 Vi3
BF547 SOT23 E16 BFG197/XR SOT143 V35
BF547W SOT323 E2 BFG198 SOT223 BFG198
BF689K SOT54 F689K BFG505 SOT143 N33
BF747 SOT23 E15 BFG505/X SOT143 N39
BF763 SOT54 F763 BFG505/XR SOT143 N45
BFC505 SOT353 NO BFG505W SOT343 NO
BFC520 SOT353 N3 BFG505W/X SOT343 N1
BFE505 SOT353 PO BFG505W/XR SOT343 PO
BFE520 SOT353 N5 BFG520 SOT143 N36
BFG10 SOT143 N70 BFG520/X SOT143 N42
BFG10/X S0T143 N71 BFG520/XR SOT143 N48
BFG10W/X SOT343 T5 BFG520W SOT343 N3
BFG11 SOT143 N72 BFG520W/X SOT343 N4
BFG11/X SOT143 N73 BFG520W/XR SOT343 N5
BFG11W/X SOT343 S4 BFG540 SOT143 N37
BFG16A SOT223 BFG16A BFG540/X SOT143 N43
BFG17A SOT143 E6p BFG540/XR SOT143 N49
BFG21W SOT343 P1 BFG540W SOT343 N9
BFG25A/X SOT143 Vi1 BFG540W/X SOT343 N7
BFG25AW SOT343 N6 BFG540W/XR SOT343 N8
BFG25AW/X SOT343 "2l BFG541 SOT223 BFG541
BFG25AW/XR SOT343 V3 BFG590 SOT143 N38
BFG31 SOT223 BFG31 BFG590/X SOT143 N44
BFG35 SOT223 BFG35 BFG590/XR SOT143 N50
BFG403W SOT343 P3 BFG590W SOT343 T
BFG410W SOT343 P4 BFG590W/X SOT343 T2
BFG425W SOT343 P5 BFG590W/XR SOT343 T3
BFG67 SOT143 V3p BFG591 SOT223 BFG591
BFG67R SOT143 V27 BFM505 SOT363 NO
BFG67/X SOT143 V12 BFM520 SOT363 N2
BFG67/XR SOT143 V26 BFQ17 SOT89 FA
BFG92A SOT143 P8 BFQ18A SOT89 FF
BFG92A/X SOT143 V14 BFQ19 SOT89 FB
BFG92A/XR SOT143 V29 BFQ34 SOT122E BFQ34/01
BFG93A SOT143 R8p BFQ67 SOT23 V2p
BFG93A/X SOT143 V15 BFQ67W SOT323 V2
BFG93A/XR SOT143 V33 BFQ68 SOT122E BFQ68
BFG94 SO0T223 BFG94 BFQ135 SOT172 BFQ135
BFG97 SOT223 BFG97 BFQ136 SOT122E BFQ136
BFG135 SOT223 BFG135 BFQ149 SOT89 FG
BFG197 SOT143 V5p BFQ270 SOT172 BFQ270
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RF Wideband Transistors Marking codes
TYPE NUMBER PACKAGE MARKING CODE| MARKING CODE AND PACKAGE TO TYPE NUMBER
BFQ540 SOT89 N4 MARKING
BFQ621 SOT172 BFQ621 CODE PACKAGE | TYPE NUMBER
BFR53 SOT23 N1p BFG16A SOT223 BFG16A
BFR92 SOT23 Pip BFG31 SOT223 BFG31
BFR92A SOT23 P2p BFG35 SOT223 BFG35
BFR92AW SOT323 P2 BFG94 SOT223 BFG94
BFR93 SOT23 R1p BFG97 SOT223 BFG97
BFR93A SOT23 R2p BFG135 SOT223 BFG135
BFR93AW SOT323 R2 BFG198 SOT223 BFG198
BFR94A SOT122E BFR94A BFG541 SOT223 BFG541
BFR106 SOT23 R7p BFG591 SOT223 BFG591
BFR505 SOT23 N30 BFQ34/01 SOT122E BFQ34
BFR520 SOT23 N28 BFQ68 SOT122E BFQ68
BFR540 SOT23 N29 BFQ135 SOT172 BFQ135
BFS17 SOT23 Elp BFQ136 SOT122E BFQ136
BFS17A SOT23 E2p BFQ270 SOT172 BFQ270
BFS17W SOT323 E1 BFQ621 SOT172 BFQ621
BFS25A SOT323 N6 BFR94A SOT122E BFR94A
BFS505 SOT323 NO E1 SOT323 BFS17W
BFS520 SOT323 N2 Elp SOT23 BFS17
BFS540 SOT323 N4 E2 SOT323 BF547W
BFT25 SOT23 V1p E2p SOT23 BFS17A
BFT25A SOT23 V10 E6p SOT143 BFG17A
BFT92 SOT23 W1p E15 SOT23 BF747
BFT92W SOT323 W1 E16 SOT23 BF547
BFT93 SOT23 X1p F689K SOT54 BF689K
BFT93W SOT323 X1 F763 SOT54 BF763
MPSH10 SOT54 PSH10 FA SOT89 BFQ17
PMBT3640 SOT23 V25 FB SOT89 BFQ19
PMBTH10 SOT23 V30 FF SOT89 BFQ18A
PMBTH81 SOT23 V31 FG SOT89 BFQ149

NO SOT323 BFS505
NO SOT343 BFG505W
NO SOT353 BFC505
NO SOT363 BFM505
N1 SOT343 BFG505W/X
N1p SOT23 BFR53
N2 SOT323 BFS520
N2 SOT363 BFM520
N3 SOT343 BFG520W
N3 SOT353 BFC520
N4 SOT323 BFS540
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MARKING MARKING
CODE PACKAGE TYPE NUMBER CODE PACKAGE TYPE NUMBER

N4 SOT343 BFG520W/X R7p SOT23 BFR106

N4 SOT89 BFQ540 R8p SOT143 BFG93A

N5 SOT343 BFG520W/XR S4 SOT343 BFG11W/X
N5 SOT353 BFE520 T1 S0OT343 BFG590W
N6 SOT323 BFS25A T2 SOT343 BFG590W/X
N6 SOT343 BFG25AW T3 SOT343 BFG590W/XR
N7 SOT343 BFG540W/X T5 SOT343 BFG10W/X
N8 SOT343 BFG540W/XR Vi1 SOT343 BFG25AW/X
N9 SOT343 BFG540W Vip SOT23 BFT25

N28 SOT23 BFR520 V2 SOT323 BFQ67W
N29 S0OT23 BFR540 V2p S0OT23 BFQ67

N30 SOT23 BFR505 V3 SOT343 BFG25AW/XR
N33 SOT143 BFG505 V3p SOT143 BFG67

N36 SOT143 BFG520 V5p SOT143 BFG197

N37 SOT143 BFG540 V10 SOT23 BFT25A

N38 SOT143 BFG590 Vi1 S0OT143 BFG25A/X
N39 SOT143 BFG505/X V12 SOT143 BFG67/X
N42 SOT143 BFG520/X V13 S0OT143 BFG197/X
N43 SOT143 BFG540/X Vi4 SOT143 BFG92A/X
N44 SOT143 BFG590/X V25 SOT23 PMBT3640
N45 SOT143 BFG505/XR V26 SOT143 BFG67/XR
N48 SOT143 BFG520/XR V29 SOT143 BFG92A/XR
N49 S0OT143 BFG540/XR V30 SOT23 PMBTH10
N50 SOT143 BFG590/XR V31 SOT23 PMBTHS81
N70 SOT143 BFG10 V33 SOT143 BFG93A/XR
N71 SOT143 BFG10/X W1 SOT323 BFT92W
N72 SOT143 BFG11 Wip SOT23 BFT92

N73 SOT143 BFG11/X X1 SOT323 BFTO3W

PO SOT343 BFG505W/XR X1p SOT23 BFT93

PO SOT353 BFE505

P1 SOT343 BFG21W

P1p SOT23 BFR92

P2 SOT323 BFR92AW

P2p SOT23 BFR92A

P3 SOT343 BFG403W

P4 SOT343 BFG410W

P5 SOT343 BFG425W

PSH10 SOT54 MPSH10

Rip SOT23 BFR93

R2 SOT323 BFR93AW

R2p SOT23 BFR93A
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Fax on Demand

Incoming Calls
--------‘

- 1

You can hang up now

What is it? : FAX-on-DEMAND phone numbers:
The FAX-on-DEMAND system is a computer facsimile England 44-181-730-5020
system that allows customers to receive selected (United Kingdom, Ireland)
documents by fax automatically.
France 33-1-40-99-60-60
How does it work? Italy 39-167-295502
To order a document, you simply enter the document
number. This number can be obtained by asking for an North America 1-800-282-2000
index of available documents to be faxed to you the . . ]
first time you call the system. Locations soon to be in operation:
Hong Kong
Our system has a selection of the latest product data Japan

sheets from Philips with varying page counts. As you The Netherlands
know, it takes approximately one minute to FAX one

page. This isn’t bad if the number of pages is less than

10. But if the document is 37 pages long, be ready for

a long transmission!

Philips Semiconductors also maintains product
information on the World-Wide Web. Our home page
can be located at:
http://www.semiconductors.philips.com

Who do | contact if | have a question
about FAX-on-DEMAND?
Contact your local Philips sales office.
30
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Internet World Wide Web Home Page

WHAT IS IT?
Welcome to our place in cyberspace.

Explore our Web pages and take a look at our product offering of advance High-performance Applications
and Products.

In addition, we offer you the latest information on Products, News, Support, Employment and Offices.
HOW TO REACH US
For access to the Philips Semiconductors Home Page go to the World Wide Web location:

http://www.semiconductors.philips.com/
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General section

QUALITY
Total Quality Management.

Philips Semiconductors is a Quality Company, renowned
for the high quality of our products and service. We keep
alive this tradition by constantly aiming towards one

ultimate standard, that of zero defects. This aim is guided
by our Total Quality Management (TQM) system, the basis
of which is described in the following paragraphs. '

QUALITY ASSURANCE

Based on ISO 9000 standards, customer standards such
as Ford TQE and IBM MDQ. Our factories are certified to
ISO 9000 by external inspectorates.

PARTNERSHIPS WITH CUSTOMERS

PPM co-operations, design-in agreements, ship-to-stock,
just-in-time and self-qualification programmes, and .
application support.

PARTNERSHIPS WITH SUPPLIERS

Ship-to-stock, statistical process control and ISO 9000
audits.

QUALITY IMPROVEMENT PROGRAMME

Continuous process and system improvement, design
improvement, complete use of statistical process control,
realization of our final objective of zero defects, and
logistics improvement by ship-to-stock and just-in-time
agreements.

Advanced quality planning

During the design and development of new products and
processes, quality is built-in by advanced quality planning.
Through failure-mode-and-effect analysis the critical
parameters are detected and measures taken to ensure
good performance on these parameters. The capability of
process steps is also planned in this phase.

Product conformance

The assurance of product conformance is an integral part

of our quality assurance (QA) practice. This is achieved by:

¢ Incoming material management through partnerships
with suppliers.

¢ In-line quality assurance to monitor process
reproducibility during manufacture and initiate any
necessary corrective action. Critical process steps are
100% under statistical process control.
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Acceptance tests on finished products to verify
conformance with the device specification. The test
results are used for quality feedback and corrective
actions. The inspection and test requirements are
detailed in the general quality specifications.

Periodic inspections to monitor and measure the
conformance of products.

Product reliability

With the increasing complexity of Qriginal Equipment
Manufacturer (OEM) equipment, component reliability
must be extremely high: Our research laboratories and
development departments study the failure mechanisms of
semiconductors. Their studies result in design rules and
process optimization for the highest built-in product
reliability. Highly accelerated tests are applied to the
products reliability evaluation. Rejects from reliability tests
and from customer complaints are submitted to failure
analysis, to result in corrective action.

Customer responses

Our quality improvement depends on joint action with our
customer. We need our customer’s inputs and we invite
constructive comments on all aspects of our performance.
Please contact our local sales representative.

Recognition

The high quality of our products and services is
demonstrated by many Quality Awards granted by major
customers and international organizations.

PRO ELECTRON TYPE NUMBERING SYSTEM
Basic type number

This type designation code applies to discrete
semiconductor devices (not integrated circuits), multiples
of such devices, semiconductor chips and Darlington
transistors.

FIRST LETTER

The first letter gives information about the material for the
active part of the device.

A Germanium or other material with a band gap of
0.6to1eV

B Silicon or other material with a band gap of
1t01.3eV

C Gallium arsenide (GaAs) or other material with a
band gap of 1.3 eV or more

R Compound materials, e.g. cadmium sulphide.
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SECOND LETTER

The second letter indicates the function for which the
device is primarily designed. The same letter can be used
for multi-chip devices with similar elements.

In the following list low power types are defined by
Rin j-mb > 15 K/W and power types by Rih j-mb < 15 K/W.

Diode; signal, iow power

Diode; variable capacitance
Transistor; low power, audio frequency
Transistor; power, audio frequency
Diode; tunnel

Transistor; low power, high frequency

G Mmool >

Multiple of dissimilar devices/miscellaneous
devices; e.g. oscillators. Also with special third
letter; see under Section “Serial number”

Diode; magnetic sensitive
Transistor; power, high frequency
Photocoupler

T Zr I

Radiation detector; e.g. high sensitivity

photo-transistor; with special third letter

Q Radiation generator; e.g. LED, laser; with special
third letter

R Control or switching device; e.g. thyristor, low

power; with special third letter

(7]

Transistor; low power, switching

-

Control or switching device; e.g. thyristor, low
power; with special third letter

Transistor; power, switching

Surface acoustic wave device

u
W
X Diode; multiplier, e.g. varactor, step recovery
Y Diode; rectifying, booster

z

Diode; voltage reference or regulator, transient
suppressor diode; with special third letter.

SERIAL NUMBER

The number comprises three figures running from

100 to 999 for devices primarily intended for consumer
equipment, or one letter (Z, Y, X, etc.) and two figures
running from 10 to 99 for devices primarily intended for
industrial or professional equipment.(!)

(1) When the supply of these serial numbers is exhausted, the
serial number may be expanded to three figures for industrial
types and four figures for consumer types.
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Version letter

A letter may be added to the basic type number to indicate
minor electrical or mechanical variants of the basic type.

RATING SYSTEMS

The rating systems described are those recommended by
the IEC in its publication number 134.

Definitions of terms used
ELECTRONIC DEVICE

An electronic tube or valve, transistor or other
semiconductor device. 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 that are directly
related to the application.

RATING

A value that 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. Limiting conditions
may be either maxima or minima.

RATING SYSTEM

The set of principles upon which ratings are established
and which determine their interpretation. 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
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device of a specified type, as defined by its published data,
which should not be exceeded under the worst probable
conditions.

These values are chosen 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 the life of the device, no absolute
maximum value for the intended service is exceeded with
any device, under the worst probable operating conditions
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.

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 exceeded 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 characteristics of the
electronic device under consideration.

The equipment manufacturer should design so that,
initially and throughout the life of the device, no design
maximum value for the intended service is exceeded with
a bogey electronic 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 exceeded under normal conditions.

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

LETTER SYMBOLS

The letter symbols for transistors detailed in this section
are based on IEC publication number 148.

Basic letters

In the representation of currents, voltages and powers,
lower-case letter symbols are used to indicate all
instantaneous values that vary with time. All other values
are represented by upper-case letters.

Electrical parameters(!) of external circuits and of circuits
in which the device forms only a part are represented by
upper-case letters. Lower-case letters are used for the
representation of electrical parameters inherent in the
device. Inductances and capacitances are always
represented by upper-case letters.

The following is a list of basic letter symbols used with
semiconductor devices:

B, b Susceptance (imaginary part of an admittance)
C Capacitance

G, g
H, h  Hybrid parameter

Conductance (real part of an admittance)

1 i Current
L Inductance
P,p Power

R,r Resistance (real part of an impedance)

V,v Voltage

X, x Reactance (imaginary part of an impedance)
Y,y Admittance

Z,z Impedance.

(1) For the purpose of this publication, the term ‘electrical
parameters’ applies to four-pole matrix parameters, elements
of electrical equivalent circuits, electrical impedances and
admittances, inductances and capacitances.



Philips Semiconductors

RF Wideband Transistors

General section

Subscripts

Upper-case subscripts are used for the indication of:

e Continuous (DC) values (without signal), e.g. Ip, Is
* Instantaneous total values, e.g. ip, iB

¢ Average total values, e.g. Ipav), Isav)

o Peak total values, e.g. Ipm, Ism

¢ Root-mean-square total values, e.g. Iprms); Isrms)-
Lower-case subscripts are used for the indication of values
applying to the varying component alone:

* Instantaneous values, e.g. ip

¢ Root-mean-square values, e.g. lg(ms)

e Peak values, e.g. lpm

» Average values, e.g. lg(av)-

The following is a list of subscripts used with basic letter
symbols for semiconductor devices:

A a anode

amb ambient

(AV), (av)  average value

B,b base

(BO) breakover

(BR) breakdown

case case

C,c collector

C controllable

D, d drain

E, e emitter

F,f fall, forward (or forward transfer)
G, g gate

H holding

h heatsink

1i input

j-a junction to ambient

j-mb junction to mounting base
K, k cathode

L load

M, m peak value

(min) minimum

(max) maximum

mb mounting base

0,0 As first subscript: reverse (or reverse

transfer), rise. As second subscript:
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repetitive, recovery. As third subscript: with a
specified resistance between the terminal
not mentioned and the reference terminal

(ov) Overload

P,p Pulse

Q,q Turn-off

R, r As first subscript: reverse (or reverse

transfer), rise. As second subscript:
repetitive, recovery. As third subscript: with a
specified resistance between the terminal
not mentioned and the reference terminal

(RMS), (rms) Root-mean-square value

S,s As first subscript: series, source, storage,
stray, switching. As second subscript: surge
(non-repetitive). As third subscript: short
circuit between the terminal not mentioned
and the reference terminal

stg Storage

th Thermal

TO Threshold

tot Total

W Working

X, x Specified circuit

Z,z Reference or regulator (zener)
1 Input (four-pole matrix)

2 Output (four-pole matrix).

Applications and examples
TRANSISTOR CURRENTS

The first subscript indicates the terminal carrying the
current (conventional current flow from the external circuit
into the terminal is positive).

Examples: Ip, Ig, ip, ig, id: ibs lam, ibm-

TRANSISTOR VOLTAGES

A voltage is indicated by the first two subscripts: the first
identifies the terminal at which the voltage is measured
and the second the reference terminal or the circuit node.
The second subscript may be omitted when there is no
possibility of confusion.

Examples: Vgs, Vas, Vgs: Vgsm: VBE, VBE: Vbe, Vbem-

SUPPLY VOLTAGES OR CURRENTS

Supply voltages or supply currents are indicated by
repeating the appropriate terminal subscript.
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Examples: Vpp, lss, Vce; leg.
A reference terminal is indicated by a third subscript.

Example: Vpps, Vcce-

DEVICES WITH MORE THAN ONE TERMINAL OF THE SAME KIND

If a device has more than one terminal of the same kind,
the subscript is formed by the appropriate letter for the
terminal, followed by a number. Hyphens may be used to
avoid confusion in multiple subscripts.

Examples:

Ip2 Continuous (DC) current flowing into the
second gate terminal

Ve2-E Continuous (DC) voltage between the

terminals of second base and emitter.

MULTIPLE DEVICES

For multiple unit devices, the subscripts are modified by a
number preceding the letter subscript. Hyphens may be
used to avoid confusion in multiple subscripts.

Examples:

log Continuous (DC) current flowing into the
base terminal of the second unit

V1ip-2D Continuous (DC) voltage between the drain

terminals of the first and second units.

ELECTRICAL PARAMETERS

The upper-case variant of a subscript is used for the
designation of static (DC) values.

Examples:

gFs Static value of forward transconductance in
common-source configuration (DC current
gain)

hre Static value of forward current transfer in
common-emitter configuration (DC current
gain)

Rps DC value of the drain-source resistance.

Re DC value of the external emitter resistance.

The static value is the slope of the line from the origin to
the operating point on the appropriate characteristic curve,
i.e. the quotient of the appropriate electrical quantities at
the operating point.

The lower-case variant of a subscript is used for the
designation of small-signal values.
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Examples:

Ofs Small-signal value of the short-circuit
forward transconductance in
common-source configuration

hte Small-signal value of the short-circuit
forward current transfer ratio in
common-emitter configuration

Zi=R; +jX; Small-signal value of the input impedance.

If more than one subscript is used, subscripts for which a
choice of style is allowed, the subscripts chosen are all
upper-case or all lower-case.

Examples: heg, YRe, hte, gFs-

FOUR-POLE MATRIX PARAMETERS

The first letter subscript (or double numeric subscript)
indicates input, output, forward transfer or reverse
transfer.

Examples: h; (or hy1), ho (or ho), hs (or hoy), he (o hy).

A further subscript is used for the identification of the circuit
configuration. When no confusion is possible, this further
subscript may be omitted.

Examples: hge (or hate), heg (0or hotg).

DISTINCTION BETWEEN REAL AND IMAGINARY PARTS

If it is necessary to distinguish between real and imaginary
parts of electrical parameters, no additional subscripts are
used. If basic symbols for the real and imaginary parts
exist, these may be used.

Examples: Z; = R; + jX;, Yte = Gfe + brte.

If such symbols do not exist or are not suitable, the
notation shown in the following examples is used.

Examples:
Re (hj) etc. for the real part of hj,

Im (hjp) etc. for the imaginary part of hy.

S-PARAMETER DEFINITIONS

The S-parameter symbols in this section are based on
IEC publication 747 — 7.

S-parameters (return losses or reflection coefficients) of a
module can be defined as the Sq1 and S», of a two-port
network (see Fig.1).
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a1 —- — b2
S11 | S22
by« - 22
D.UT. MLB335
Fig.1  Two-port network with reflection coefficients
S11 and 322.
b, = §;;xa;+8;,xa,
b, = S,,xa,+8,,xa,
where:
a, = ——x (V, +Z,xi,) = signalinto port 1
17 5% Z. 1 +ZpXiy) 9 p
1 . . .
a, = ——==x (V,+2Z,%xi,) = signalinto port2
2= 5% z 2t 4%l g
1 . .
b, = x (Vy+Z,%xi,) = signal out port 1
1 2XA/2—0 1 0 1 (4)
1 . .
b, = x (V,+Z,xi,) = signal out port 2
2 2XA/Z—0 2 02 9
From (1) and (2) formulae for the return losses can be
derived
b
S,,=a,=0 (5)
1 2
a,
b
Sy, = a_% a; =0 (6)
2
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In (5), a2 = 0 means output port terminated with Z,
(derived from formula (4)).

In (6), a; = 0 means input port terminated with Z,
(derived from formula (3)).

Measurement

The return losses are measured with a network analyzer
after calibration, where the influence of the test jig is
eliminated. The necessary termination of the other port
with Z, is done automatically by the network analyzer.

The network analyser must have a directivity of at least
40 dB to obtain an accuracy of 0.5 dB when measuring
return loss figures of 20 dB. A full two-port correction
method can be used to improve the accuracy.

TAPE AND REEL PACKING

Tape and reel packing meets the feed requirements of
automatic pick and place equipment (packing conforms to
IEC publication 286-2 and 286-3). Additionally, the tape is
an ideal shipping container.

Packing TO-92 (SOT54) leaded types

The transistors are supplied on tape in boxes (ammopack)
or on reels. The number per reel and per ammopack is
2000. The ammopack has 80 layers of 25 transistors
each. Each layer contains 25 transistors, plus one empty
position in order to fold the layer correctly.The ammopack
is accessible from both sides, enabling the user to choose
between ‘normal’ (see Fig.3) and ‘reverse’ tape. ‘Normal’
is indicated by a plus sign (+) on the ammopack and
‘reverse’ by a minus sign (). In the European version, the
leading pin is the emitter.
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Fig.2 TO-92 (SOT54) transistors on tape.
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Table 1 Tape specification TO-92 (SOT54) leaded types

SPECIFICATIONS
SYMBOL DIMENSION REMARKS
MIN. | NOM. | MAX. TOL. UNIT

Ay body width 4 - 4.8 - mm

A body height 48 - 52 - mm

T body thickness 35 - 3.9 - mm

P pitch of component - 127 |- +1 mm

Po feed hole pitch - 127 |- +0.3 mm

cumulative pitch error - - - +0.1 note 1
P2 feed hole centre to component | - 6.35 |- +0.4 mm to be measured at bottom
centre of clinch

F distance between outer leads | — 5.08 |- +0.6/-0.2 | mm

Ah component alignment - 0 1 - mm at top of body
w tape width - 18 - +0.5 mm

Wo hold-down tape width - 6 - +0.2 mm

W; hole position - 9 - +0.7/-0.5 | mm

Wy hold-down tape position - 0.5 - +0.2 mm

Ho lead wire clinch height - 165 |- +0.5 mm

H; component height - - 23.25 |- mm

L length of snipped leads - - 11 - mm

Do feed hole diameter - 4 - +0.2 mm

t total tape thickness - - 1.2 - mm t1=0.3t00.6
Fq, Fo lead-to-lead distance - - - +0.4/-0.2 | mm

Hz clinch height - - - - mm

(p) pull-out force 6 - - - N
Note

1. Measured over 20 devices.

Dropouts Tape splicing
A maximum of 0.5% of the specified number of transistors Splice the carrier tape on the back and/or front so that the
in each packing may be missing. Up to 3 consecutive feed hole pitch (Pg) is maintained (see Figs 2 and 4).

components may be missing provided the gap is followed
by 6 consecutive components.
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MEA473

—)
direction of unreeling

Dimensions in mm.

Fig.3 Dimensions of reel and box.
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RSN m

ol olo |o

MEA941
l————————— 30 mm min

Fig.4 Joining tape with splicing patch.

T 1 ;:* 0.40
} min
4.2 max
:Z re— 52 max —»e———— 12.7 min *,]
t IJ 0.48
———t ‘4 0.40
4.8 1 ]
max ——t
1 ]
—
|
- L 2.0max (! MBCO14 - 1

Dimensions in mm.
(1) Terminal dimensions within this zone are uncontrolled to allow for flow of plastic and terminal irregularities.

Fig.5 TO-92 (SOT54) with straight leads.
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IJ 0.40

\Q Jj min

- ~— 5.2 max 1 12.7 min |
& IJ 0.48

I —
——T - o.
4.8 — | ) 4 40
max —
—— .
. L 2.5 max " MBCO15 - 1
Dimensions in mm.
(1) Terminal dimensions within this zone are uncontrolled to allow for flow of plastic and terminal irregularities.
Fig.6 TO-92 (SOT54) with delta pinning.
Packing types
Table 2 Packing quantities per reel
12NC
TAPE WIDTH REEL SIZE QUANTITY PER
PROKAGE (mm) (mm) REEL enda with:
SOT23 8 180 3000 ...215
330 10000 ...235
SOT143 8 180 3000 ..215
SOT143R 330 10000 ...235
SOT143 (cross emitter pinning) 180 3000 ...215
SOT143R (cross emitter pinning) 330 10000 ...235
SOT323 8 180 3000 ..115
330 10000 ...135
SOT343 8 180 3000 ..115
SOT353 8 180 3000 ...115
SOT363 8 180 3000 ..115
SOT89 12 180 3000 .. 115
S0T223 12 180 3000 .. 115

Notes
1. 12NC is the Philips twelve-digit ordering code.
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-
direction of unreeling

For dimensions see Table 3.
(1) Tolerance over any 10 pitches: £0.2 mm.
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* *I:—T“
G
Pl
By Bg Dy
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5»3 s
MBE547 - 1 — T

Fig.7 Specification for 8 mm tape (SOT23, SOT143, SOT143R, SOT343 and SOT343R).

SO0T323 SOT363
- i o B e W e
[ 1_J...::-\ IFL_}_ L)
|

| |
I

—>I Do L— |<——IL—-—>LP2_>

PO(” ——

-
direction of unreeling

For dimensions see Table 3.
(1) Tolerance over any 10 pitches: £0.2 mm.
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MSA450

Fig.8 Specification for 8 mm tape (SOT323, SOT353 and SOT363).
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-
direction of unreeling

For dimensions see Table 3.
(1) Tolerance over any 10 pitches: +0.2 mm.

Fig.9 Specification for 12 mm tape (SOT89).
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For dimensions see Table 3.
(1) Tolerance over any 10 pitches: £0.2 mm.

Fig.10 Specification for 12 mm tape (SOT223).
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Table 3 SMD packages: tape dimensions (in mm)

D!MENSlON CARRIER TAPE TOLERANCE
(Figs 7 to 12) 8 mm 12 mm 16 mm

Overall dimensions

w 8.0 12.0 16.0 +0.2

K <1.5 <24 <2.2 -

G >0.75 >0.75 >1.65 -

Sprocket holes; note 1

Do 1.5 1.5 15 +0.1/-0

E 1.75 1.75 1.75 +0.1

Pq 4.0 4.0 4.0 +0.1

Relative placement compartment

Py 2.0 2.0 2.0 0.1

F 3.5 5.5 7.5 +0.05
Compartment

Ao

Bo Corppartment dimensiong depend on pack.age size. Maximum clearance betweer}
B, _devnce and compa.rtment.ls _0.3 mm; the minimum clearance ensures that the device

is not totally restrained within the compartment.

Ko

D >1.0 >1.5 >1.5 -

P 4.0 8.0 12.0 +0.1

0 <15° <15° - -

Cover tape; note 2

Wy <5.4 <9.5 — -

Ty <0.1 <0.1 - -

Carrier tape

w 8.0 12.0 16.0 +0.2

T <0.2 <0.2 <04 -

8 <0.3 <0.3 <0.3 -
Notes

1. Tolerance over any 10 pitches 0.2 mm.
2. The cover tape shall not overlap the tape or sprocket holes.
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For dimensions see Table 2.
Fig.11 Reel specification.
Table 4 Reel dimensions (in mm)
CARRIER TAPE
ey - — — TOLERANCE
\SEE g1y 8 mm | iZmm | i6 mm
Flange
A 180(1) — 286 or 330 180 or 330 180 or 330 +0.5
t 15 15 1.5 +0.5/-0.1
w 8.4 12.4 18 18.0+0.2
Hub
B 62 62 62 +1.5
C 12.75 12.75 12.75 +0.15/-0.2
Key slot
E 2 2 2 +0.2
U 4 4 4 +0.5
(0] 120° 120° 120° -
Note

1. Large reel diameter depends on individual package (286 or 350).
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SOT23 SOT323 SOT23 SOT143 SOT143R SOT143

MEA471

SOT143R
(reversed) (cross (cross
emitter emitter

pinning)  pinning)

Fig.12 Orientation of components: SOT23, SOT143, SOT143R and SOT323 (8 mm tape).

direction of unreeling

B E— top view

T 1]
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—,)

]
OO0 0 0O O O

S0T223 SOT89

MEA472

Fig.13 Orientation of components: SOT223 and SOT89 (12 mm tape).
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MOUNTING AND SOLDERING
Mounting methods

There are two basic forms of electronic component
construction, those with leads for through-hole mounting
and microminiature types for surface mounting (SMD).
Through-hole mounting gives a very rugged construction
and uses well established soldering methods. Surface
mounting has the advantages of high packing density plus
high-speed automated assembly. Surface mounting
techniques are complex and this chapter gives only a
simplified overview of the subject.

Although many electronic components are available as
surface mounting types, some are not and this often leads
to the use of through-hole as well as surface mounting
components on one substrate (a mixed print). The mix of
components affects the soldering methods that can be
applied. A substrate having SMDs mounted on one or both
sides but no through-hole components is likely to be
suitable for reflow or wave soldering. A double sided mixed
print that has through-hole components and some SMDs
on one side and densely packed SMDs on the other
normally undergoes a sequential combination of reflow
and wave soldering. When the mixed print has only
through-hole components on one side and all SMDs on the
other, wave soldering is usually applied.

Reflow soldering
SOLDER PASTE

Most reflow soldering techniques utilize a paste that is a
mixture of flux and solder. The solder paste is applied to
the substrate before the components are placed. It is of
sufficient viscosity to hold the components in place and,
therefore, an application of adhesive is not required.
Drying of the solder paste by preheating increases the
viscosity and prevents any tendency for the components to
become displaced during the soldering process.
Preheating also minimizes thermal shock and drives off
flux solvents.
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Screen printing

This is the best high-volume production method of solder
paste application. An emulsion-coated, fine mesh screen
with apertures etched in the emulsion to coincide with the
surfaces to be soldered is placed over the substrate. A
squeegee is passed across the screen to force solder
paste through the apertures and on to the substrate.

The layer thickness of screened solder paste is usuaily
between 150 and 200 pm.

Stencilling

In this method a stencil with etched holes to pass the paste
is used. The thickness of the stencil determines the

amount of amount of solder paste that is deposited on the
substrate. This method is also suited to high-volume work.

Dispensing

A computer-controlled pressure syringe dispenses small
doses of paste to where it is required. This method is
mainly suitable for small production runs and laboratory
use.

Pin transfer

A pin picks up a droplet of solder paste from a reservoir
and transfers it to the surface of the substrate or
component. A multi-pin arrangement with pins positioned
to match the substrate is possible and this speeds up the
process time.

REFLOW TECHNIQUES
Thermal conduction

The prepared substrates are carried on a conveyor belt,
first through a preheating stage and then through a
soldering stage. Heat is transferred to the substrate by
conduction through the belt. Figure 14 shows a theoretical
time/temperature relationship for thermal conduction
reflow soldering. This method is particularly suited to thick
film substrates and is often combined with infrared
heating.
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Infrared

An infrared oven has several heating elements giving a
broad spectrum of infrared radiation, normally above and
below a closed loop belt system. There are separate zones
for preheating, soldering and cooling. Dwell time in the
soldering zone is kept as short as possible to prevent
damage to components and substrate. A typical heating.
profile is shown in Fig.15. This reflow method is often
applied in double-sided prints.

Vapour phase

A substrate is immersed in the vapours of a suitable boiling
liquid. The vapours transfer latent heat of condensation to
the substrate and solder reflow takes place. Temperature
is controlled precisely by the boiling point of the liquid at a
given pressure. Some systems employ two vapour zones,
one above the other. An elevator tray, suspended from a
hoist mechanism passes the substrate vertically through
the first vapour zone into the secondary soldering zone
and then hoists it out of the vapour to be cooled.

A theoretical time/temperature relationship for this method
is shown in Fig.16.

MBC938

L 1 .
100 150 (s) 200

Fig.14 Theoretical time/temperature curve for a
typical thermal conductive reflow cycle.

MBC937
250 —————————
: i ~<—200/s
|
(°c) 759/s I
I
175 ——————— :
| |
| |
| |
| I
| |
| |
| |
| |
! |
| |
0
L_ ;:Tr]:r;eigné; solgesring cooling ———I

Fig.15 Typical temperature profile of an infrared
oven operating at a belt speed of
0.41 mm/min.

MBC939

free air
cooling

48t — - p————f———————
I
25 I } I

0
L—203

entering phase
60 % of time in
soldering zone

10-30s 45s

removal phase
150 % of time in
soldering zone

soldering zone

Fig.16 Theoretical time/temperature curve
relationship for dual vapour reflow
soldering.
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Wave soldering

This soldering technique is not recommended for SOT89.

ADHESIVE APPLICATION

Since there are no connecting wires to retain them,
leadless and short-leaded components are held in place
with adhesive for wave soldering. A spot of adhesive is
carefully placed between each SMD and the substrate.
The adhesive is then heat-cured to withstand the forces of
the soldering process, during which the components are
fully immersed in solder. There are several methods of
adhesive application.

Pin transfer method

A pin is used to transfer a droplet of adhesive from a
reservoir to a precise position on the surface where it is
required. The size of the droplet depends on pin diameter,
depth to which the pin is dipped in the reservoir, rheology
of the adhesive, and the temperature of adhesive and
surrounds. The pin can be part of a pin array (bed of nails)
that corresponds exactly with the required adhesive
positions on the substrate. With this method, adhesive can
be applied to the whole of one side of a substrate in one
operation and is therefore suitable for high-volume
production and can be used with pre-loaded mixed prints.

Alternatively, pins can be used to transfer adhesive to the
components before they are placed on the substrate. This
adds flexibility to production runs where variations in
layout must be accommodated.

Screen printing method

A fine mesh screen is coated with emulsion except in the
positions where the adhesive is required to pass. The
screen is placed on the substrate and a squeegee passing
across it forces adhesive through the uncoated parts of the
screen. The amount of adhesive printed-through depends
on the size of the uncoated screen areas, the thickness of
the screen coating, the rheology of the adhesive and
various machine parameters. With this method, the
substrate must be flat and pre-loaded mixed prints cannot
be accommodated.

Pressure syringe method

A computer-controlled syringe dispenses adhesive from
an enclosed reservoir by means of pulses of compressed
air. The adhesive dot size depends on the size of the
syringe nozzle, the duration and pressure of the pulsed air
and the viscosity of the adhesive. This method is most
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suited to low volume production. An advantage is the
flexibility provided by computer programmability.

FLUXING

The quality of the soldered connections between
components and substrate is critical for circuit
performance and reliability. Flux promotes solderability of
the connecting surfaces and is chosen for the following
attributes:

¢ Removal of surface oxides
¢ Prevention of reoxidation
 Transference of heat from source to joint area

* Residue that is non-corrosive or, if residue is corrosive,
should be easy to clean away after soldering

« Ability to improve wettability (readiness of a metal
surface to form an alloy at its interface with the solder)
to ensure strong joints with low electrical resistance

¢ Suitability for the desired method of flux application.

In wave soldering, liquified flux is usually applied as a
foam, a spray or in a wave.

Foam

Flux foam is made by forcing low-pressure, water-free
clean air through an aerator immersed in liquid flux. Fine
bubbles of flux are directed onto the substrate/component
surfaces where they burst and form a thin, even layer. The
flux also penetrates any plated-through holes. The flux has
to be chosen for its foaming capabilities.

Spray

Several methods of spray fluxing exist, the most common
involves a mesh drum rotating in liquid flux. Air is blown
into the drum which, when passing through the fine mesh,
directs a spray of flux onto the underside of the substrate.
The amount of flux deposited is controllable by the speed
of the substrate passing through the spray, the speed of
rotation of the drum and the density of the flux.

Wave

A wave fluxer creates a double flowing wave of liquid flux
which adheres to the surface as the substrate passes
through. Wave height control is essential and a soft
wipe-off brush is usually incorporated to remove excess
flux from the substrate.
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PRE-HEATING

Pre-heating of the substrate and components is performed
immediately before soldering. This reduces thermal shock
as the substrate enters the soldering process, causes the
flux to become more viscous and accelerates the chemical
action of the flux and so speeds up the soldering action.

SOLDERING

Wave soldering is usually the best method to use when
high throughput rates are required. The single wave
soldering principle (see Fig.17) is the most straight forward
method and can be used on simple substrates with
two-terminal SMD components. More complex substrates
with increased circuit density and closer spacing of
conductors can pose the problems of nonwetting (dry
joints) and solder bridging. Bridging can occur across the
closely spaced leads of multi-leaded devices as well as
across adjacent leads on neighbouring components.
Nonwetting is usually caused by components with plastic
bodies. The plastic is not wetted by solder and creates a
depression in the solder wave, which is augmented by
surface tension. This can cause a shadow behind the
component and prevent solder from reaching the joint

surfaces. A smooth laminar solder wave is required to
avoid bridging and a high pressure wave is needed to
completely cover the areas that are difficult to wet. These
conflicting demands are difficult to attain in a single wave
but dual wave techniques go a long way in overcoming the
problem.

In a dual wave machine (see Fig.18), the substrate first
comes into contact with a turbulent wave which has a high
vertical velocity. This ensures good solder contact with
both edges of the components and prevents joints from
being missed. The second smooth laminar wave
completes the formation of the solder fillet, removes
excess solder and prevents bridging. Figure 19 indicates
the time/temperature relationship measured at the
soldering site in dual wave soldering.

New methods of wave soldering are developing
continually. For example, the Omega System is a single
wave agitated by pulses, which combines the functions of
smoothness and turbulence. In another, a lambda wave
injects air bubbles in the final part of the wave. A further
innovation is the hollow jet wave in which the solder wave
flows in the opposite direction to the substrate.

board travel
——
—
MBC935
solder

Fig.17 Single wave soldering principle.

board travel
—_—

SMDs

MBC934
solder

Fig.18 Dual wave soldering principle.
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Footprint design
The footprint design of a component for surface mounting
is influenced by many factors:
MBcose » Features of the component, its dimensions and
T 300 tolerances
(°c) o Circuit board manufacturing processes

250 . .
¢ Desired component density

200 A A ¢ Minimum spacing between components

200 K/s\_IV N
150
J

100

50 L/

0 50 100 e (g 150

Fig.19 Typical time-temperature curve measured
at the soldering site.
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Circuit tracks under the component
« Component orientation (if wave soldering)

Positional accuracy of solder resist to solder lands

Positional accuracy of solder paste to solder lands
(if reflow soldering)

o Component placement accuracy
* Soldering process parameters
¢ Solder joint reliability parameters.
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SOT23 FOOTPRINTS

v/ solderlands

777 7] solder resist

F———

3.00 —+— 1.30 E— .70 L_ _ _] occupied area

BRIZZ5 solder paste

MSA439

Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.20 Reflow soldering footprint for SOT23; typical dimensions.
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Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.21 Wave soldering footprint for SOT23; typical dimensions.
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SOT143 FOOTPRINTS
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L_ _ _] occupied area

B2 solder paste

Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.22 Reflow soldering footprint for SOT143; typical dimensions.
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Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.23 Wave soldering footprint for SOT143; typical dimensions.
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SOT89 FOOTPRINTS
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4 <-0.60 (3x)
— l=—0.70 (3x)
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Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.24 Reflow soldering footprint for SOT89; typical dimensions.
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We do not recommend SOT89 for wave soldering, SOT223 is preferred.
Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.25 Wave soldering footprint for SOT89: typical dimensions.
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SOT223 FOOTPRINTS

7.00
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3.60
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+ =+0.30
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X 77| solder resist
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! == I 4 (I T~ 7 7} occupied area
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: : BB solder paste
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e B | |
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i b L !:
' Wi | et sl 0
1.20 (3x) MSA443
>11.30 (3x) l=
5.90 !
6.15 d
Dimensions in mm.
Placement accuracy: +0.25 mm.
Fig.26 Reflow soldering footprint for SOT223; typical dimensions.
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Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.27 Wave soldering footprint for SOT223; typical dimensions.
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SOT323 FOOTPRINTS

2.65 1
T 075 |<—1.325*‘
| V777 solderlands
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— . —— ¢ 7777 solder resist
235 085 080 I h——— !
GV L _ 7 occupied area
| A v 5= -
S
: 232 solder paste
J
0.55
3) - -
2.40 msA129

Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.28 Reflow soldering footprint for SOT323; typical dimensions.
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Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.29 Wave soldering footprint for SOT323; typical dimensions.
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SOT343 FOOTPRINTS

Dimensions in mm.

——-

-
L——

Placement accuracy: +0.25 mm.

Fig.30 Reflow soldering footprint for SOT343; typical dimensions.
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Dimensions in mm.
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Placement accuracy: +0.25 mm.

Fig.31 Wave soldering footprint for SOT343; typical dimensions.
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SOT353 FOOTPRINTS
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Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.32 Reflow soldering footprint for SOT353; typical dimensions.
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Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.33 Wave soldering footprint for SOT353; typical dimensions.
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SOT363 FOOTPRINTS

V7] solderlands

——-

solder resist

F———

L _ _ _] occupied area

B2 solder paste

MSA432

Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.34 Reflow soldering footprint for SOT363; typical dimensions.
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Dimensions in mm.
Placement accuracy:

Fig.35 Wave soldering footprint for SOT363; typical dimensions.
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Hand soldering microminiature components

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

¢ Hand-soldering is time-consuming and therefore
expensive
e The component cannot be positioned accurately and the

connecting tags may come into contact with the
substrate and damage it

e There is a risk of breaking the substrate and internal
connections in the component could be damaged

e The component package could be damaged by the iron.

THERMAL CONSIDERATIONS
Thermal resistance

Circuit performance and long-term reliability are affected
by the temperature of the transistor die. Normally, both are
improved by keeping the die temperature (junction
temperature) low.

Electrical power dissipated in any semiconductor device is
a source of heat. This increases the temperature of the die
above a certain reference point. The most relevant
reference point of the semiconductor device is the
soldering point (i.e. the point on the printed-circuit board
where the collector lead is soldered to a heat-draining
point see Figs 36 and 37).

The temperature rise as a function of dissipation power,
‘thermal resistance’, is given in the data sheets as the
Rin j-s value. The heat is drained by conduction via the
leadframe, soldering point and substrate (printed-circuit
board) to ambient. The amount of radiated and convected
heat is negligible in comparison to the conducted heat.

The elements of thermal resistance are defined as follows:

Py Power dissipation (W)

Thermal resistance from junction to
soldering point (K/W)

Rthj-s

Rih s-a Thermal resistance from soldering point to
ambient (K/W)

Rthj-a Thermal resistance from junction to ambient
(KW)

T; Junction temperature of the die (°C)

Ts Soldering point temperature (°C)

Tamb Ambient temperature (°C)

Tref Temperature of the reference point (°C)
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The peak temperature of the die depends on the ability of
the package and its mounting to transfer heat from this die
to ambient environment (see Fig.38). The basic
relationship between die temperature (junction
temperature) and power dissipation is:

Tj max = Tamb + Pd max X [Rinj-s + Rih s-al

die collector lead
or anode lead

solder point

MBG387
printed circuit board

Fig.36 Assembly of SMD package and PCB.

[ ..
P

printed circuit board

Fig.37 Assembly of SOD80-like package and PCB.

Thermal resistance from junction to soldering point
[Rtn-s)1

In the example for Tj max, only Tamp @and R, 5.4 can be
varied by the user. The construction of the printed-circuit
board (PCB) and the ambient condition (as there is air
flow) affect Ry, s-a- The device power dissipation can be
controlled to a limited extent, under recommended usage.
The supply voltage and circuit loading dictate a fixed
power maximum. The Ry, j.s value is essentially
independent of external mounting method and cooling air,
but is sensitive to the materials used in the package
construction, the die mount and the die area, all of which
are fixed.
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Values of Tj max and Ry j.s, or Ry j.c are given in the device
data sheets. For applications where T is known, Tjcan be
calculated from:

Tj = Ts + Pd X Rthj-s

Thermal resistance from soldering point to ambient
[Rth s-a]

There is a limiting value for the soldering point
temperature. For the normal tin alloy (Sn-Pb 60% - 40%):
Tsmax = 110 °C. The value of T4 can be calculated from:

Ts=Ta+ Py x Rhsa.

The thermal resistance from soldering point to ambient
depends on the shape and material of the tracks on a
printed-circuit board as illustrated in Fig.39.

Summary of the SMD envelopes

These thermal considerations are valid for the following
envelopes:

SOD80, SOD87, SOD106, SOD110, SOD123, SOD323,
SC59, SC70, SOT23, SOT89, SOT123, SOT143,
SOT223, SOT323, SOT343, SOT346 and SO8
(SOT96-1).

~——— junction —

Rih j-s

o Rinja
Rin s-a

—— ambient '

MBG385

Fig.38 Representation of thermal resistance paths
of a device mounted on a substrate or
printed board.
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Fig.39 Thermal resistance (R, s-a) @s a function of
pad area on different configurations of FR4
epoxy fibre-glass circuit board.
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Temperature calculation under pulsed conditions

In pulsed power conditions, the peak temperature of

the die depends on the pulse time and duty factor as well
as the ability of the package and its mounting to disperse
heat.

When power is applied in repetitive square-wave pulses
with a certain duty factor (8), the variation in junction
temperature has a sawtooth characteristic.

The average steady-state junction temperature is:
Tiav) = Tref + 8 X Py X R joret

The peak junction temperature, however, is the most
relevant to performance reliability. This can be calculated
by heating and cooling step functions that result in heating
and cooling curves shifted in time as shown in Fig.40.

The peak value of Tj is reached at the end of a power
pulse and the minimum value immediately before the next
power pulse. The thermal ripple is the difference between
Tipear) and Timin)-

Calculation of Tjpeak) after n pulses:
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a=n-1
Tipeaty = Tret + Pgx Zo [Zin(at-w) — Zth(an]
a=

where a is an integer number.

Py (W) l— Py

power Py

AT

AT,

I N~ AT4
ATS

- T (seald
T T; (peaK)

J J
thermal-ripple

Tj (min)

MBG391

Fig.40 Heating effect of three identical power pulses
after thermal stabilization.

Approximation method of finding Tj(peak)

With this method it is assumed that the average load is
immediately followed by two square power pulses as
shown in Fig.41. This two-pulse approximation method is
accurate enough for finding Tj(peak)-
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Pg (W)

Pq (av) ——,_ B

d-w/t

V2 AT2 =Py x Zy, (t+w)
| /AT3=PyxZ (W)
AT(av)‘ =dxPgxRy, j-ref

AT(aV)Z =dx Py xZy, (2t+w)
AT4 = Pd X Zth +)

T (°C)

Tj (peak)
Tj (av)

thermal-ripple AT]j

Tj (min)

MBG390

Tj (peak) = Ty + AT1 + AT2 + AT3 + AT4 - AT5 - AT6 — AT7

Fig.41 Two-pulse approximation method of finding
peak steady-state junction temperature

[Tilnnnl{\].
Apsaks

The junction temperature at the end of the second pulse is:
Tipeak) = Tref + Pa X [8 X Rinureny + (1 = 8) X Zin(tew)
+ Zinw) — Zithe)

The junction temperature immediately before the second
power pulse is:

Timin) = Tref + Pa X [8 X Rin(iorefy + (1 = 8) X Zingy

+ Zinw) — Zin(t-w))

The thermal ripple is:

ATj = Tipeak) — Ti(min)

AT = Py X [8 X (Zingt) — Zintsw) — 2 X Zingty + Zth(w) + Ztht-w)]

Reducing calculation time

To be able to point out the junction peak temperature at a
certain pulse time and duty cycle, a graph similar to that

shown in Fig.42 is included in relevant data sheets. In this
example, the curves have been derived using the formula
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Tipeaky = Tret + Pg X [0 X Ringirefy + (1 = 8) X Zinaw)
+ Zinw) — Zin), with typical values inserted.

The pulse width along the X-axis meets a particular duty
cycle curve, indicating the Zy, value in K/W along the
Y-axis.

Tipeak) = Pd(peak) X Zth(j-s) + Pd(av) X Rth(s-a) + Ta (°C)

Soldering point temperature provides a better reference
point than ambient temperature as this is subject to many
uncontrolled variables. Therefore, the thermal resistance
from junction to soldering point [Rix(;-s)] is becoming a more
relevant measurement path.

MBG:
103 388
Zth j-a
(K/W)
5= L
0.75 —— ———
I L
05— TIH—— =T
1Tl 1]
e s
02
11 =7 L
q"“‘ v y P 5=i 44
00517~ T
o —l_.I-_J-_.I_
i
T
10 H T I
1078 1078 1074 1073 1072 107! t (s) 1
Fig.42 Direct reading of thermal impedance from junction to soldering point for calculation of junction temperature
at pulsed power condition.
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ELECTROSTATIC CHARGES

Electrostatic charges can exist in many things; for
example, man-made-fibre clothing, moving machinery,
objects with air blowing across them, plastic storage bins,
sheets of paper stored in plastic envelopes, paper from
electrostatic copying machines, and people. The charges
are caused by friction between two surfaces, at least one
of which is non-conductive. The magnitude and polarity of
the charges depend on the different affinities for electrons
of the two materials rubbing together, the friction force and
the humidity of the surrounding air.

Electrostatic discharge is the transfer of an electrostatic
charge between bodies at different potentials and occurs
with direct contact or when induced by an electrostatic
field. Our devices can be damaged if the following
precautions are not taken.

WORK STATION

Figure 43 shows a working area suitable for safely
handling electrostatic sensitive devices. It has a work
bench, the surface of which is conductive or covered by an
antistatic sheet. Typical resistivity for the bench surface is
between 1 and 500 kQ per cm?2. The floor should also be
covered with antistatic material.

The following precautions should be observed:

Persons at a work bench should be earthed via a wrist
strap and a resistor

All mains-powered electrical equipment should be
connected via an earth leakage switch

Equipment cases should be earthed

Relative humidity should be maintained between
50 and 65%

An ionizer should be used to neutralize objects with
immobile static charges.
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RECEIPT AND STORAGE

Our devices are packed for dispatch in
antistatic/conductive containers, usually boxes, tubes or
blister tape. The fact that the contents are sensitive to
electrostatic discharge is shown by warning labels on both
primary and secondary packing.

The devices should be kept in their original packing whilst
in storage. If a bulk container is partially unpacked, the
unpacking should be performed at a protected work
station. Any devices that are stored temporarily should be
packed in conductive or antistatic packing or carriers.

ASSEMBLY

The devices must be removed from their protective
packing with earthed component pincers or short-circuit
clips. Short-circuit clips must remain in place during
mounting, soldering and cleansing/drying processes. Do
not remove more devices from the storage packing than
are needed at any one time. Production/assembly
documents should state that the product contains
electrostatic sensitive devices and that special precautions
need to be taken.

All tools used during assembly, including soldering tools

and solder baths, must be earthed. All hand tools should
be of conductive or antistatic material and, where possible,
should not be insulated.

Measuring and testing of completed circuit boards must be
done at a protected work station. Place the soldered side
of the circuit board on conductive or antistatic foam and
remove the short-circuit clips. Remove the circuit board
from the foam, holding the board only at the edges. Make
sure the circuit board does not touch the conductive
surface of the work bench. After testing, replace the circuit
board on the conductive foam to await packing.

Assembled circuit boards should be handled in the same
way as unmounted devices. They should also carry
warning labels and be packed in conductive or antistatic
packing.
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(1)

/

(2) @

(©))

(6)

)

( 4
(9) MLB049

(1) Earthing rail.

(2) Resistor (500 kQ + 10%, 0.5 W).
(3) lonizer.

(4) Work bench.

(5) Chair.

(6) Wrist strap.

(7) Electrical equipment.

(8) Conductive surface/antistatic sheet.
(9) Antistatic floor.

Fig.43 Protected work station.
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APPLICATION REPORTS

Copies of the following application reports are available on the enclosed CD-ROM
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Power Amplifier for 1.9 GHz at 3 V (BFG10/X, BFG11/X and BFG540/X), “RNR45/458/1992, 29 September 1993”
(39 version). Application information of a surface mount RF power amplifier for 1.9 GHz Digital Personal Handy
Phone and DECT at 3 V.

Low Noise 900 MHz preamplifier at 3 V with BFR/BFG505/520, “RNR45/589/1992, 17 December 1992".
Low Noise, Low Current preamplifier for 1.9 GHz at 3 V (BFG505), “RNR45/343/1992, 16 July 1992".

933 MHz Low Power Down converter with 60 MHz IF (BFG505/X, BFG520 and BFG540/X), “RNR45/465/1993,
30 September 1993”.

1890 MHz Low Power Down converter with 110 MHz IF (BFG505, BFG505/X and BFG520), “RNR45/465/1993,
26 January 1994” (2nd version).

Preamplifier for pager applications (BFC505), “RNR-T45-95-B-341, 22 May 1995".

GSM Power Amplifier for 900 MHz at 6 V (BFG540W/X, BFG10W/X, BLT82). Application information of a 3.5 W
surface mount RF power amplifier in the 880 to 915 MHz communication band, 31 January 1995.

Ultra Low Noise Amplifiers for 900 and 2000 MHz with High IP3. (BFG410 W and BFG425W), “KV96-157,
December 1996”.

Power Amplifier for 1.9 GHz Dect and PHS (BFG425W and BFG21W) “RNR-T45-96T-838" 15 October 1996.
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Product specification

NPN 1 GHz wideband transistor

BF547

FEATURES

e Feedback capacitance typ. 1 pF
o Stable oscillator operation

e High current gain

e Good thermal stability.

APPLICATIONS

e ltis intended for VHF and UHF TV-tuner applications
and can be used as a mixer and/or oscillator.

DESCRIPTION

Low cost NPN transistor in a plastic SOT23 package.

Fls

S EEE

Top view MSB003
PINNING
PIN DESCRIPTION
1 base Marking code: E16.
2 emitter Fig.1 SOT23.
3 collector
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
Vceo collector-emitter voltage open base - 20 \Y
Vceo collector-base voltage open emitter - 30 \
VeBo emitter-base voltage open collector - 3 \'
lom peak collector current - 50 mA
Prot total power dissipation up to Tg = 70 °C; note 1 - 300 mwW
fr transition frequency lc=15mA; Ve 10 V; f = 500 MHz 1.2 1.6 GHz
Cre feedback capacitance le=ie=0;Veg=10V;f=1MHz 1 - pF
Note
1. Tsis the temperature at the soldering point of the collector pin.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
Vceo collector-emitter voltage open base - 20 \"
Veeo collector-base voltage open emitter - 30 \Y
VEeBO emitter-base voltage open collector - 3 \Y
lem peak collector current - 50 mA
Piot total power dissipation up to Tg = 70 °C; note 1 - 300 mwW
Tetg storage temperature range -65 +150 °C
T junction temperature - 150 °C
Note

1. Tsis the temperature at the soldering point of the collector pin.
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NPN 1 GHz wideband transistor BF547
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-s from junction to soldering point | note 1 260 K/W
Note

1. Tsis the temperature at the soldering point of the collector pin.

CHARACTERISTICS

T; = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
lcBo collector cut-off current le=0;Veg=10V - - 100 nA
hee DC current gain lc=2mA;Vge=10V 40 95 250

fr transition frequency lc=15mA; Vce=10V; f =500 MHz | 0.8 1.2 1.6 GHz
Cre feedback capacitance le=ie=0;Veg=10V;f=1MHz - 1 - pF
Gum maximum unilateral power lc=1mA;Vge=10V;f=100 MHz |- 20 - dB

gain; note 1
Note 1 Sz1|2

daB.

1. Gywm is the maximum unilateral power gain, assuming Sz is zero and G;,, = 10 log

(1-18*)(1 -I52of)

400 MBB401 140 MBB397
Ptot
(mw) heg
300

100

\ 60
100

0 50 100 150 200 107! 1 10

2
Tg (°C) Ic (ma)y 10

Vee=10V.

Fig.3 DC current gain as a function of collector
Fig.2 Power derating curve. current.
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NPN 1 GHz wideband transistor BF547
1.6 MBB474 14 MBB399
Cre N q fr
(pF) \ (GHz) //_
N AL N
\N\ 1.0 //
\\
0.8 /
/
0.6 i/
/
0 Oiz—‘ 1 1 102
0.1 1 10 Veg (V) 100 0 o I (mA)

lg=ie=0;f=1MHz.

Fig.4 Feedback capacitance as a function of
collector-base voltage

Vce =10 V; f = 500 MHz.

Fig.5 Transition frequency as a function of
collector current.

MBB407

40

Gum
(dB)

30

20
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0 10 20 Ic (mA) 30

Vce =10V; f=100 MHz.

Fig.6 Maximum unilateral power gain as a
function of collector current.
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Gum
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40
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20 N
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N\

-10
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f (MHz)

Vee=10V; lc =15 mA.

Fig.7 Maximum unilateral power gain as a
function of frequency.
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NPN 1 GHz wideband transistor

10 MBB398 8 MBB409
VCE sat F
v) (dB)
6
Py
NN 4,¢”
4
107!
2
102 0
101 1 102 1071 1 10 102
Ic (MA) Ic (mA)
Ic/lg = 10.

Vee=10V; Zg = Z, =50 Q; f = 100 MHz.

Fig.8 Collector-emitter saturation voltage as a

Fig.9 Common emitter noise figure as a function
function of collector current.

of collector current.
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600

20 'Y ~—400 ~ \\

- 4 60
% — 200 \
AN — g=—2mA | \'\\
\\\\ \
—40 40 iz =—2mA ~ N
[ o—
NC | 200|300 ke \\ Ne
-5 mA 500 \\\
’ 600
-60 20 800™w,
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_go L [ T
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Fig.10 Common base input admittance (Y14). Fig.11 Common base forward admittance (Y»1).
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NPN 1 GHz wideband transistor BF547
0 MBB411 8 MBB412
b1z
(mS) b
-0.5 S IEz=A 5 mA
: Ig=—10 mA 5mA  —2mA . 2mA 5m,
|~ ad V/200 6 f=1000 M:“/ / /-10mA
/’/ d _/ 300 | .
-1.0 J ] aoV / v
500 4 A, /
f 600 GFV / /
-1.5 L 500 2 o
800——
* 2 —300 / //
2.0 * \ 200 / P
\ > f = 1000 MHz
-2.5 ‘ 0
-0.7 -0.5 -0.3 -0.1 0 0.4 0.8 1.2 16
g12 (MS) goo (MS)
Veg=10V. Ves=10V.
Fig.12 Common base reverse admittance (Y12). Fig.13 Common base output admittance (Yzp).
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NPN 1 GHz wideband transistor

BF547

MBB403

Vee=10V; Ic =156 mA; Zo = 50 Q.

Fig.14 Common emitter input reflection coefficient (S4).

Vce =10V, Ic =15 mA.

90° MBB405

Fig.15 Common emitter forward transmission coefficient (S»1).
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NPN 1 GHz wideband transistor

BF547

90°

1200 60°
3 GHz
150°, 30°
Yoo
1800 01 _02 03 04 03 .
40 MHz
J -9
1500 30°
1200 60°

90° MBB406

Vece=10V;Ic =15 mA.

Fig.16 Common emitter reverse transmission coefficient (S2).

Vee =10 V; I = 15 mA; Zo = 50 Q.

Fig.17 Common emitter output reflection coefficient (Sz2).
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NPN 1 GHz wideband transistor BF547

Table 1 Common base Y-parameters; Vcg = 10 V; I[g = -2 mA

Y1 Y2i Y12 Y22
f (MHz) REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG.
(mS) (mS) (mS) (mS) (mS) (mS) (mS) (mS)
40 69.0 -10.2 -68.0 12.3 ~0.02 0.1 —0.01 0.3
100 60.4 —20.6 -58.0 25.6 -0.06 -0.3 -0.08 0.7
200 45.0 —27.4 -39.1 345 -0.10 0.6 0.19 1.4
300 34.3 —26.4 —25.4 34.0 -0.20 -0.8 0.29 1.9
400 277 233 -17.2 31.1 -0.20 -1.0 0.37 25
500 24.0 —20.4 1.7 27.6 -0.20 -1.2 0.45 3.0
600 215 -18.0 7.8 25.0 -0.20 1.4 0.53 36
700 20.0 -15.6 -5.3 226 -0.20 -16 0.60 42
800 18.6 -14.0 -3.0 20.2 -0.20 -1.8 0.69 47
900 18.3 -12.8 -1.3 187 -0.20 2.0 0.82 5.3
1000 17.8 1.7 -0.1 17.1 -0.20 2.2 0.95 5.9

Table 2 Common base Y-parameters; Vcg = 10 V; Ig = -5 mA

Y11 Y24 Yi2 Y22
f (MHz) REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG.
(mS) (mS) (mS) (mS) (mS) (mS) (mS) (mS)
40 132.6 -35.7 -130.5 38.8 -0.06 -0.2 -0.06 0.4
100 96.3 -62.0 -91.1 67.9 -0.20 -0.5 0.21 0.8
200 54.7 -57.8 -46.0 64.7 -0.30 -0.7 0.38 1.4
300 37.5 -46.9 —26.4 53.8 ~0.40 -0.8 0.47 2.0
400 29.2 -38.6 -16.6 458 -0.40 -1.0 0.58 25
500 25.3 -32.8 -11.0 39.8 -0.40 -1.3 0.63 3.1
600 22.0 -28.4 -6.3 35.0 -0.40 -1.4 0.71 3.6
700 20.3 —25.2 -3.3 314 -0.40 -1.6 0.80 4.2
800 18.7 226 -0.6 27.6 -0.40 -1.9 0.88 47
900 17.8 —20.7 14 252 -0.40 2.1 1.01 5.3
1000 17.3 -19.1 3.0 23.0 -0.40 23 1.15 6.0
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Table 3 Common base Y-parameters; Veg = 10 V; I = -10 mA

Y1 Y24 Y12 Y22

f (MHz) REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG.

(mS) (mS) (mS) (mS) (mS) (mS) (mS) (mS)
40 189.0 ~79.6 -185.5 83.0 -0.10 -0.3 ~0.09 0.4
100 108.5 —99.0 ~101.4 105.4 -0.30 -0.5 0.30 0.9
200 55.2 —76.2 —44.6 82.8 -0.50 -0.7 0.44 1.4
300 37.1 -59.0 243 65.7 -0.50 0.9 0.60 2.0
400 28.8 —47.6 -14.6 54.4 ~0.60 -1.0 0.69 25
500 247 ~40.2 8.6 46.7 -0.60 1.3 0.75 3.1
600 21.2 -35.0 3.4 40.8 -0.60 15 0.84 3.6
700 19.3 -31.0 -0.2 36.2 ~0.60 17 0.93 42
800 17.2 275 2.6 31.1 ~0.60 -1.9 1.00 47
900 16.4 —25.2 4.6 28.3 ~0.60 2.1 1.15 5.3
1000 15.8 -23.0 6.0 255 ~0.60 23 1.31 6.0

Table 4 Common base Y-parameters; Vcg =10 V; [g =-15 mA

Y11 Y21 Y12 Y22

f (MHz) REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG.

(mS) (mS) (mS) (mS) (mS) (mS) (mS) (mS)
40 206.5 -113.8 -202.6 118.1 -0.20 -0.3 0.2 05
100 104.3 -114.0 ~96.4 120.1 ~0.40 -0.5 0.4 0.9
200 53.1 -81.1 417 87.7 -0.50 -0.7 0.6 1.4
300 35.9 -62.1 -22.0 68.6 -0.60 0.8 0.7 2.0
400 28.1 -50.0 -12.5 56.9 -0.60 -1.1 0.8 25
500 23.4 423 6.1 48.2 -0.60 -1.3 0.8 3.1
600 20.1 -36.4 1.2 41.6 -0.60 -15 0.9 36
700 18.2 -32.0 2.0 36.7 —0.60 1.7 1.0 42
800 16.2 —28.2 45 31.3 -0.60 1.9 1.1 47
900 155 -25.7 6.5 28.1 -0.60 -2.1 1.3 5.3
1000 14.7 235 7.9 24.9 -0.60 2.3 1.4 5.9
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NPN 1 GHz wideband transistor

FEATURES

o Stable oscillator operation
e High current gain

e Good thermal stability.

DESCRIPTION

Silicon NPN transistor in a plastic
SOT323 (S-mini) package. The
BF547W uses the same crystal as the
SOT23 version, BF547.

Product specification

BF547W

APPLICATIONS PINNING ; \
It is primarily inten mixer,
oszii?a:tor an)::i I?eagglci‘fiaesr |Erl1 Ulil(li énd PIN DESCRIPTION Top view MBC870
VHF tuners. 1 base Marking code: E2.
2 |emitter Fig.1 SOT323
3 collector
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. | UNIT
Veeo collector-base voltage open emitter - - 30 \Y
Vceo collector-emitter voltage open base - - 20 \Y
lc collector current (DC) - - 50 mA
Piot total power dissipation up to Tg = 63 °C; note 1 - - 300 mwW
hee DC current gain lc=2mA;Vge=10V 40 95 250
Cre feedback capacitance lc=0;Veg=10V;f=1MHz - 1 - pF
fr transition frequency Ic=15mA;Vce =10V, 0.8 1.2 1.6 GHz
f =500 MHz
Gum maximum unilateral power gain |lc =1 mA; Vce=10V; - 20 - dB
f=100 MHz; Tymp =25 °C
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veeo collector-base voltage open emitter - 30 \%
Vceo collector-emitter voltage open base - 20 \Y
Vego emitter-base voltage open collector - 3 \Y
Ic collector current (DC) - 50 mA
Piot total power dissipation up to Ts = 63 °C; note 1 - 300 mwW
Tetg storage temperature -65 +150 °C
T junction temperature - +150 °C

Note to the “Quick reference data” and “Limiting values”

1. Tsis the temperature at the soldering point of the collector pin.
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Product specification

NPN 1 GHz wideband transistor BF547W
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE | UNIT
Rtnj-s thermal resistance from junction to soldering point | up to Tg = 63 °C; note 1 290 K/W
Note
1. Tsis the temperature at the soldering point of the collector pin.
CHARACTERISTICS
T; =25 °C (unless otherwise specified).
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
V@ricso | collector-base breakdown lc=0.01mA;lg=0 - - 30 \
voltage
Vericeo | collector-emitter breakdown Ic=10mA; Ig=0 - - 20 \Y
voltage
Verieeo | emitter-base breakdown voltage |Ig =0.01 mA;Ic=0 - - 3 \%
lceo collector cut-off current le=0;Veg=10V - - 100 nA
hee DC current gain lc=2mA;Vge=10V 40 95 250
Cre feedback capacitance lc=0;Veg=10V;f=1MHz |- 1 - pF
fr transition frequency lc=15mA; Vce=10V; 0.8 1.2 1.6 GHz
f =500 MHz
Gum maximum unilateral power gain; |lc=1mA;Vce=10V; - 20 - dB
note 1 f =100 MHz; Tymp = 25 °C;
Note s |2
1. Gywm is the maximum unilateral power gain, assuming s is zero.G,,, = 10 log | 211 dB.

June 1994

88

A —|s1,|2) “ —|322|2)



Fhiiips Semiconductors Product specification

NPN 1 GHz wideband transistor BF547W
400 MLBoS7 140 MBB397
Ptot
(mW) hre
300
100

™
\ \\
200

100 \

0 50 100 150 200 107! 1 10 | ma 10
Ts (°C) c (mA)

Ve =10 V; Tj= 25 °C.

Fig.3 DC current gain as a function of collector

Fig.2 Power derating curve. current; typical values.
MLB588 MLB589
2 q 1.4
Cre
(pF) fr
16 (GH2) ) AT
1
1.2
I~
N‘
08 /
0.6
0.4
oo 4 8 12 16 20 0'210" 1 10 102
Ve (V) Ic (mA)
Ic=0;f=1MHz. Ve = 10 V; f = 500 MHz.
Fig.4 Feedback capacitance as a function of Fig.5 Transition frequency as a function
collector-base voltage; typical values. of collector current; typical values.
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NPN 1 GHz wideband transistor BF547W
30 MLBS90 50 MLB591
gain
gain (dB)
(dB) 7 N~ 40
20
30 N
N
" A\
10 \\
N
10
\
0 0
0 5 10 15 20 10 102 108 4
Ic (mA) f (MH2)
Vce=10V; f=100 MHz. Vce=10V; Ic=15mA.
Fig.6 Gain as a function of collector current; Fig.7 Gain as a function of frequency;
typical values. typical values.
MLB592 MLB593
1 6 —
VCE(sat)
v F
0.8 (dB) N W/
Tl 47
4
0.6
\’\
0.4
2
0.2
0 0 L
0 2 4 6 8 10 107" 1 0
I (mA) I (mA)
ic/lg = 10. Vee=10V; Zg =27, =50 Q; f = 100 MHz.
Fig.8 Collector-emitter saturation voltage as a Fig.9 Minimum noise figure as a function of
function of collector current; typical values. collector current; typical values.
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NPN 1 GHz wideband transistor

BF547W

Vee=10V;lc=15mA; Z, =50 Q.

90°

0° TO

MLB594 L 40

Fig.10 Common emitter input reflection coefficient (s11); typical values.

Vee=10V; lc =15 mA.

90°
135° 45°
40 MHz
180° | ‘ — \2 GHz 0°
20 15 10
-135° -45°
- 900 MLB595

Fig.11 Common emitter forward transmission coefficient (s»1); typical values.

June 1994

91



Philips Semiconductors Product specification

NPN 1 GHz wideband transistor BF547W

90°

135° 45°
2 GHz

180 o0‘.5 &4 E.LS (E 01.1 40 MHz 00

-135° 7-45°

- 90° MLB596
Vee =10V, Ic =15 mA.

Fig.12 Common emitter reverse transmission coefficient (s12); typical values.

T10
Los
Los
1oa

T02

mese7 L 4o

Vee=10V;ic=15mA; Z, =50 Q.

Fig.13 Common emitter output reflection coefficient (sz2); typical values.
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NPN 1 GHz wideband transistor BF547W
SPICE parameters for the BF547W crystal
SEQUENCE No. | PARAMETER | VALUE | UNIT SEQUENCE No. | PARAMETER | VALUE | UNIT
1 1S 289.1 aA 36(1) VJsS 750.0 mV
2 BF 94.29 - 37(M MJS 0.000 -
3 NF 0.989 - 38 FC 0.950 -
4 VAF 90.00 Vv Note
5 IKF 158.6 mA i. These parameters have not been extracted, the
6 ISE 426.6 aA default values are shown.
7 NE 1.491 -
8 BR 12.32 -
9 NR 0.989 - C:ib
10 VAR 19.39 \' w
11 IKR 24.75 mA p s 2
12 ISC 249.7 pPA B B go— ¢
13 NC 1.200 - o E c
14 RB 5000 |Q be T™
15 IRB 1.000 A -l- % Le
16 RBM 50.00 Q MBcsss
17 RE 0.500 Q E L3
18 RC 1.309 Q
190 XTB 0000 |- .
20M EG 1.110 eV
210 xTi o0 |- e ey v
22 CJE 1.071 pF
23 LA 7273 my Fig.14 Package equivalent circuit SOT323.
24 MJE 0.332 -
25 TF 92.98 ps
26 XTF 43.89 — List of components (see Fig.14).
27 VTF 1.813 \Y% DESIGNATION VALUE UNIT
28 ITF 143.9 mA Coe 2 fF
29 PTF 0.000 deg Ceb 100 fF
30 cJC 1.167 pF Ceo 100 fF
31 vJC 489.0 mV L1 0.34 nH
32 MJC 0.253 - L2 0.10 nH
33 XCJC 0.150 - L3 0.34 nH
34 TR 50.00 ns Lg 0.60 nH
35(1 CJs 0.000 F Le 0.60 nH
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Product specification

NPN 2 GHz wideband transistor BF689K
DESCRIPTION PINNING
NPN transistor in a plastic SOT54 PIN DESCRIPTION
(TO-92 variant) envelope. It is -
intended for application as an Coc-le. F689K 12
amplifier or oscillator in the VHF and 1 emitter i 3 e m—
UHF range. 2 base =
3 collector .
Fig.1 SOT54.
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Veso collector-base voltage open emitter - - 25 Vv
Vceo collector-emitter voltage open base - - 15 \
Ic DC collector current - - 25 mA
Prot total power dissipation up to Tamp = 60 °C - - 360 |[mwW
hee DC current gain lc=2mA;Vee=5V, Tj=25°C 20 |- -
Ic=20mA;Vce=5V, Tj=25°C 35 |- -
fr transition frequency lc=15mA; Vce =5V; f=500 MHz - 1.8 |- GHz
LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
Veso collector-base voltage open emitter - 25 \%
Vceo collector-emitter voltage open base - 15 \Y%
VcER collector-emitter voltage Rge <50 Q - 25 \Y
Veso emitter-base voltage open collector - 3.5 \%
Ic DC collector current - 25 mA
lem peak collector current tp<1us - 50 mA
Piot total power dissipation up to Tamp= 60 °C - 360 mwW
Tstg storage temperature -55 | 150 °C
T junction temperature - 150 °C
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NPN 2 GHz wideband transistor BF689K

THERMAL RESISTANCE

SYMBOL PARAMETER CONDITIONS THERMAL RESISTANCE
Rihj-a thermal resistance from junction to ambient |in free air 250 KI'W

CHARACTERISTICS
T; = 25 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
lceo collector cut-off current le=0;Veg=15V - - 50 nA
leBo emitter cut-off current lc=0;Vgg=2V - - 1 A
VCE sat collector-emitter saturation voltage Ilc =25 mA; Ig = 1.25 mA - - 1.0 v
VBE sat base-emitter saturation voltage Ic=25mA;lg=1.25mA - - 1.0 \'
hre DC current gain lc=2mA;Vce=5V 20 |- -
lc=20mA;Vge=5V 35 - -
fr transition frequency lc=15mA;Vece=5V;f=500 MHz |- 1.8 |- GHz
Cre feedback capacitance lc=2mA;Vge=5V; f=1MHz - 11 |- pF
Tamb =25 °C
Gp power gain lc=2mA;Vcg=5V; f=100 MHz; |- 16 - dB
Tamb =25 °C; Zs =60 Q; R =2 kQ
lc=2mA; Ve =5V, f=200 MHz; |- 16 - dB
Tamb =25 °C; Zg =60 Q; R. =920 Q
F noise figure Ic=2mA;Vce=5V; f=100 MHz; |- 4 - daB
Tamb =25 °C; Zg =60 Q
lc=2mA; Ve =5V, f =200 MHz; - 3 - dB
Tamb =25 °C; Zg =60 Q
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NPN 1 GHz wideband transistor

FEATURES

» Stable oscillator operation
e High current gain
e Good thermal stability.

APPLICATIONS

e ltis intended for VHF and UHF TV-tuner applications
and can be used as a mixer and/or oscillator.

Product specification
R S

BF747

DESCRIPTION

Low cost NPN transistor in a plastic SOT23 package.

|—_‘|3

1] -

PINNING )
Top view MSB003
PIN DESCRIPTION
1 base Marking code: E15.
2 emitter Fig.1 SOT23.
3 collector
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS TYP. | MAX. | UNIT
Vceo collector-emitter voltage open base - 20 \
Vceo collector-base voltage open emitter - 30 \"
VeBO emitter-base voltage open collector - 3 \%
lcm peak collector current - 50 mA
Piot total power dissipation up to Ts = 70 °C; note 1 - 300 |mW
fr transition frequency lc=15mA; Vcg =10 V; f=500 MHz | 1.2 1.6 |GHz
Note
1. Tsis the temperature at the soldering point of the collector pin.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
Vceo collector-emitter voltage open base - 20 \
Veeo collector-base voltage open emitter - 30 Vv
VeBo emitter-base voltage open collector - 3 \
lom peak collector current - 50 mA
Piot total power dissipation up to Tg = 70 °C; note 1 - 300 |mW
Tstg storage temperature -55 |+150 [°C
T junction temperature - 150 |°C
Note

1. T is the temperature at the soldering point of the collector pin.
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NPN 1 GHz wideband transistor BF747
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rinj-s thermal resistance from junction to soldering point up to Tg = 70 °C; note 1 260 KW
Note

1. Tsis the temperature at the soldering point of the collector pin.

CHARACTERISTICS

T; =25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
lcBo collector cut-off current le=0;Veg=10V - - 100 nA
hre DC current gain Ic=2mA; Vcg=10V 40 95 250

fr transition frequency Ic=15mA; Vce=10V; f=500 MHz |0.8 1.2 1.6 GHz
Cre feedback capacitance le=ie=0;Veg=10V;f=1MHz - 0.5 - pF
Gum maximum unilateral power gain; |lc=15mA;Vce=10V;f=100 MHz |- 20 - dB

note 1
Note 1321 [2

daB .

1. Gym is the maximum unilateral power gain, assuming Sy is zero and Gy, = 10 log

(1 - |s”|2)(1 - |322|2)

400 MBB401 140 MBB397
Ptot -
{mW) heg
300
\

100

I
\ ~N
200
\ 60
100

0 50 100 150 200 107" 1 10 102

T, 0) Ic (mA)

Vee=10V.

Fig.3 DC current gain as a function of
Fig.2 Power derating curve. collector current.
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Product specification

NPN 1 GHz wideband transistor BF747
12 MBB400 14 MBB399
c fr
©P (GHz) v
\ il
0.8 N\ 1.0 7
\\ , /
\\\ / {
0.4 0.6 .
0 0.2
0 4 8 12 16 20 107! 1 10 102
Ve W) Ic (MA)

lg=ie=0;f=1MHz

Fig.4 Feedback capacitance as a function of
collector-base voltage.

Vee = 10 V; f = 500 MHz.

Fig.5 Transition frequency as a function of
collector current.

MBB407

40

Gum
(dB)

30

20

Ic (MA)

Vce =10 V; f= 100 MHz.

Fig.6 Maximum unilateral power gain as a
function of collector current.
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Gum

(dB)
40

30

20 N

N

-10

10 102 108 104

f (MHz)

Ic=15mA; Vgg = 10 V.

Fig.7 Maximum unilateral power gain as a
function of frequency.
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NPN 1 GHz wideband transistor BF747
10 MBB398 8 MBB409
VCE sat i
) (B)
6
1
\.~_- ’,v’
4
1071
2
1072 0 p )
10~ 1 10 2 10- 1 10 10
I (MA) 10 Ic (mA)
Ic/lg = 10. Veg=10V; Zg = Z, =50 Q,; f = 100 MHz.
Fig.8 Collector-emitter saturation voltage as a Fig.9 Common emitter noise figure as a function
function of collector current. of collector current.
R MBB410 on MEB413
v l J ou I
b1 | f=1000 MHz ba1
(mS) 800 (mS) [ S5 mA —1Q ma
N 600 ) ‘\ \
=200 0 200 60 ~—
AN Ig=-2mA .
NC \\\ \\
-40 \\\ 40 lg=-2mA w N
N[N 200 T —— \ \
\ -5 mA 500 Y \\\
60 20 iy
- 800 <
\\_wmA f= 1000 MHz
-80 I 0
10 20 30 40 50 60 -50 -40 -30 -20 -10 0 10
g11 (MS) goq (MS)
Vg =10 V. Veg=10V.
Fig.10 Common base input admittance (Y11). Fig.11 Common base forward admittance (Y21).
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NPN 1 GHz wideband transistor BF747
0 MBB411 8 MBB412
bio b
s e e
08 lgE=-10mA | -5mA —2mA . -2mA -5mA

» 200 6 f=1000 MHL/

~ / ~10 mA
7T [ |

500 4 y

4
800——| / /
2 300

/
-15 { 60\\0 500 .//
{
*

20 . 200 / V.
b b f = 1000 MHz
-25 \ 0
-0.7 -0.5 -0.3 -0.1 ] 0.4 0.8 1.2 1.6
g12 (mS) goo (MS)
Veg=10V. Veg=10V.
Fig.12 Common base reverse admittance (Y+12). Fig.13 Common base output admittance (Y22).
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Product specification

NPN 1 GHz wideband transistor

BF747

Ic=15mA; Vce=10V; Zo =50 Q..

Fig.14 Common emitter input reflection coefficient (S11).

1500 300

30°

MBB405

Ilc=15mA; Vge =10 V.

Fig.15 Common emitter forward transmission coefficient (Sa1).
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Product specification

NPN 1 GHz wideband transistor

BF747

0

90!
1200 60°
3 GHz
150°

30°

beo
01 02 03 04 05

0 00
180 40 MHz
J -9
1500 30°
1200 60°
9

00 MBB406

Ilc=15mA; Vcg =10 V.

Fig.16 Common emitter reverse transmission coefficient (S12).

Ic =15 mA; Vcg =10 V; Zo =50 Q..

Fig.17 Common emitter output reflection coefficient (Sao).
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NPN 1 GHz wideband transistor BF747

Table 1 Common base Y-parameters, Ig = -2 mA; Vcg = 10 V, typical values.

Y11 Y21 Y12 Y22

f (MHz) REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG.

(mS) (mS) (mS) (mS) (mS) (mS) (mS) (mS)
40 69.0 -10.2 —68.0 12.3 ~0.02 —0.1 ~0.01 0.3
100 60.4 —20.6 -58.0 25.6 -0.06 -0.3 ~0.08 0.7
200 45.0 —27.4 -39.1 345 -0.10 -0.6 0.19 1.4
300 34.3 —26.4 —25.4 34.0 -0.20 -0.8 0.29 1.9
400 27.7 —23.3 ~17.2 31.1 -0.20 -1.0 0.37 2.5
500 24.0 —20.4 117 27.6 —0.20 1.2 0.45 3.0
600 215 ~18.0 7.8 25.0 ~0.20 1.4 0.53 3.6
700 20.0 -15.6 53 226 -0.20 16 0.60 42
800 18.6 ~14.0 -3.0 20.2 —0.20 1.8 0.69 4.7
900 18.3 -12.8 1.3 18.7 —0.20 2.0 0.82 5.3
1000 17.8 1.7 -0.1 17.1 -0.20 2.2 0.95 5.9

Table 2 Common base Y-parameters, Ig = -5 mA; Vcg = 10V, typical values.

Y11 Y21 Y12 Y22
f (MHz) REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG.
(mS) (mS) (mS) (mS) (mS) (mS) (mS) (mS)
40 132.6 -35.7 -130.5 38.8 -0.06 -0.2 -0.06 0.4
100 96.3 —62.0 ~91.1 67.9 -0.20 -0.5 0.21 0.8
200 54.7 -57.8 ~46.0 64.7 -0.30 -0.7 0.38 1.4
300 375 -46.9 —26.4 538 ~0.40 -0.8 0.47 2.0
400 29.2 -38.6 ~16.6 45.8 —0.40 -1.0 0.58 25
500 25.3 -32.8 -11.0 39.8 -0.40 -1.3 0.63 3.1
600 22.0 —28.4 -6.3 35.0 -0.40 1.4 0.71 36
700 20.3 —25.2 3.3 314 -0.40 -1.6 0.80 4.2
800 18.7 226 0.6 27.6 -0.40 -1.9 0.88 47
900 17.8 —20.7 1.4 25.2 ~0.40 2.1 1.01 5.3
1000 17.3 -19.1 3.0 23.0 ~0.40 2.3 1.15 6.0
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Table 3 Common base Y-parameters, Iz =—10 mA; Vg = 10 V, typical values.

Y11 Y24 Y12 Y22
f (MHZ) REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG.
(mS) (mS) (mS) (mS) (mS) (mS) (mS) (mS)
40 189.0 -796 -185.5 83.0 -0.10 0.3 ~0.09 0.4
100 108.5 -99.0 ~101.4 105.4 ~0.30 0.5 0.30 0.9
200 55.2 —76.2 —44.6 82.8 -0.50 0.7 0.44 1.4
300 37.1 —59.0 —24.3 65.7 ~0.50 -0.9 0.60 2.0
400 28.8 476 ~14.6 54.4 ~0.60 -1.0 0.69 25
500 247 —40.2 86 46.7 ~0.60 1.3 0.75 3.1
600 21.2 -35.0 3.4 40.8 ~0.60 15 0.84 3.6
700 19.3 -31.0 0.2 36.2 ~0.60 17 0.93 42
800 17.2 275 2.6 31.1 ~0.60 1.9 1.00 4.7
900 16.4 252 4.6 28.3 ~0.60 21 1.15 5.3
1000 15.8 —23.0 6.0 255 -0.60 2.3 1.31 6.0

Table 4 Common base Y-parameters, Ig = —15 mA; Vgg = 10 V, typical values.

Y11 Y24 Yi2 Y22
f (MHz) REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG.
(mS) (mS) (mS) (mS) (mS) (mS) (mS) (mS)
40 206.5 -113.8 -202.6 118.1 -0.20 -0.3 0.2 05
100 104.3 -114.0 —96.4 120.1 ~0.40 0.5 0.4 0.9
200 53.1 -81.1 417 87.7 -0.50 0.7 0.6 1.4
300 35.9 -62.1 220 68.6 -0.60 0.8 0.7 2.0
400 28.1 -50.0 -125 56.9 —0.60 1.1 0.8 25
500 23.4 423 -6.1 48.2 ~0.60 -1.3 0.8 3.1
600 20.1 —36.4 1.2 416 -0.60 1.5 0.9 3.6
700 18.2 -32.0 2.0 36.7 ~0.60 1.7 1.0 4.2
800 16.2 —28.2 4.5 31.3 ~0.60 -1.9 1.1 47
900 15.5 —25.7 6.5 28.1 —0.60 2.1 1.3 5.3
1000 14.7 -23.5 7.9 24.9 -0.60 2.3 1.4 5.9
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Product specification

NPN 2 GHz wideband transistor BF763

DESCRIPTION PINNING

NPN transistor in a plastic SOT54 PIN | DESCRIPTION

(TO-92 variant) envelope. Code: F763 .

It is primarily intended for use in RF 1 emitter 23

amplifiers and oscillators. =
2 base D
3 collector

MSB034
Fig.1 SOT54.

QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Vericeo | collector-emitter breakdown voltage | open base 15 - - \)
Ic DC collector current - - 25 mA
Piot total power dissipation up to Tamp = 60 °C - - 360 mwW
heg DC current gain Ic=5mA;Vcg=10V; T;=25°C |25 - 250
fr transition frequency lc=5mA;Vce=10V; f=100 MHz | - 1.8 - GHz

LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. | UNIT
Veeo collector-base voltage open emitter - 1 \'
Vceo coliector-emitter voltage opei base - 25 \

Ic DC collector current - 25 mA

Piot total power dissipation up to Tamp = 60 °C - 360 mwW

Tetg storage temperature —65 150 °C

T junction temperature - 150 °C
THERMAL RESISTANCE

SYMBOL PARAMETER CONDITIONS THERMAL RESISTANCE
Rth j-a thermal resistance from junction to | in free air 250 K'W

ambient
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CHARACTERISTICS
Tj =25 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
VBriceo | collector-emitter breakdown voltage | Ic=1mA; Iz =0 15 — - \Y
ViBriceo | collector-base breakdown voltage lc=10pA;lg=0 25 - - \
VCE sat collector-emitter saturation voltage |lc=10mA;Ilg=1mA - - 0.5 \%
lcBo collector cut-off current le=0;Vegg=10V - - 50 nA
heg DC current gain lc=5mA; Vcg=10V 25 - 250
fr transition frequency lc=5mA;Vge=10V;f=100 MHz |- 1.8 - GHz
F noise figure lc=5mA; Vge =10V, f=800 MHz; |- 5.0 - dB
Tamb =25 °C; Zs =60 Q
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NPN wideband cascode transistor

Product specification
]

BFC505

FEATURES PINNING - SOT353
* Small size PIN SYMBOL DESCRIPTION
¢ High power gain at low bias current and high 1 by base 2
fr.equenC|es ) . 2 ey emitter 1
e High re?/ers.e isolation 3 by base 1
* Low noise figure 4 cien collector 1/emitter 2
o Gold metallization ensures excellent reliability 5 . collector 2
e Minimum operating voltage Vgo g1 =1 V.
APPLICATIONS
¢ Low voltage, low current, low noise and high gain 5 4 2
amplifiers
! 3 H 0 .
¢ Oscillator buffer amplifiers 2
o Wideband voltage-to-current converters. c1/82
—B——B-—H— by
DESCRIPTION T 2 3
Cascode amplifier with two discrete dies in a surface Top view ! wamerz

mount, 5-pin SOT353 (S-mini) package. The amplifier is
primarily intended for low power RF communications
equipment, such as pagers and has a very low feedback
capacitance resulting in high isolation.

Fig.1 Simplified outline and symbol.

QUICK REFERENCE DATA

b, connected to ground via 1 nF (0603) capacitor, e; connected directly to ground.

SYMBOL PARAMETER CONDITIONS MIN TYP. | MAX. | UNIT
Cre feedback capacitance Cgi_c2 |le =0; Vgo-p1 =0; f=1 MHz - - 10 fF
y; maximum isolation lc=5mA; Vo =Vg2=3V; 60 - - dB
8217812 f = 900 MHz
MSG maximum stable power gain lc=05mA;Veo=Vga=1V; - 22 - dB
f =900 MHz; Tymp =25 °C
F noise figure lc=05mA; Veop1 =1V, - 1.1 1.4 dB
f =500 MHz; I's = T'opt
lc=1mA; Vgo.g1 =3V, - 1.8 2.1 dB
f=900 MHz; I's = T'opt
Rihj-s thermal resistance from single loaded - - 230 KW
junction to soldering point double loaded - - 115 KW
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BFC505

LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).

SYMBOL PARAMETER CONDITIONS | miN. | max. | uniT
Any single transistor

Veeo collector-base voltage open emitter - 20 \Y
Vceo collector-emitter voltage open base — 8 \'
VeBO emitter-base voltage open collector - 2.5 \%

lc DC collector current - 18 mA
Piot total power dissipation up to Tg = 118 °C; note 1 - 500 mW
Tetg storage temperature -65 +175 |[°C
T junction temperature - 175 °C
THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-s thermal resistance from junction | single loaded 230 K/W
to soldering point; note 1 double loaded 115 K/W

Note to the Limiting values and Thermal characteristics
1. Tsis the temperature at the soldering point of the collector pin.
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NPN wideband cascode transistor

BFC505

CHARACTERISTICS
T; = 25 °C unless otherwise specified.

SYMBOL

PARAMETER

CONDITIONS

| MIN. l TYP. ‘MAX.‘ UNIT

DC characteristics of any single transistor

V(BR)cBO collector-base breakdown voltage |lc=2.5 pA; lg=0 20 - - \
V(BR)CEO collector-emitter breakdown lc=10pA;Ig=0 8 - - \Y
voltage
V(BR)EBO emitter-base breakdown voltage |lg=2.5pA;lc=0 25 - - \
lcBo collector-base leakage current le=0;Vgg=6V - - 50 nA
hee DC current gain lc=5mA;Vege=6V 60 120 250
AC characteristics of the cascode configuration measured in test circuit (note 1)
fr transition frequency lc=5mA;Veog1 =3V;f=1GHz |- 7.3 - GHz
Ce collector capacitance T2 le=ig=0;Vcogo=0;f=1MHz - 0.4 - pF
Cre2 feedback capacitance T2 lc=0; Vcog1 =3 V;f=1MHz - 250 fF
Cre feedback capacitance lc=0;Veog1=3V;f=1MHz - - 10 fF
MSG maximum stable power gain; Ic=0.25mA; Veog1 =1V, - 25 - dB
note 2 f =300 MHz; Tgmp = 25 °C
lc=05mA; Veo.g1 =1V, - 22 - dB
f =900 MHz; Tymp =25 °C
lc=5mA; Vco.g1 =3V;f=2GHz; |- 23 - dB
Tamb =25 °C
1321]2 insertion power gain lc=0.5mA;Vco.g1 =3V, - 21 - dB
f =300 MHz; Tymp =25 °C
lc=5mA; Veog1 =3V, - 16 — dB
f =900 MHz; Tamp =25 °C
lc=5mA; Veog1 =3V;f=2GHz; |- 1 - dB
Tamp =25 °C
2 | maximum isolation; note 3 lc=05mA; Vo1 =1V, 40 45 - dB
[$21/+3 f = 900 MHz
lc=5mA; Veo.g1 =3V, 60 68 - dB
f =900 MHz
lc=5mA; Veog1 =3V;f=2GHz |40 48 - dB
F noise figure Ilc=0.5mA;Veo.g1 =1V, - 1.1 1.4 dB
f =500 MHz; I's = Topt
Ilc=1mA; Veo.g1 =3V, - 1.8 2.1 dB
f=900 MHz; T's = T'opt
lc=1mA; Veo.g1 =1V, - 3.5 - dB
f=2GHz; IT's = Topt
IP3 third order intercept point (input) | note 4 - -20 - dBm
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Notes
1. VBZ = VCZ—E1/2 +0.6V

2 2 2
2. MSG= |s,,/s |X(k—Jk2—1)' k= LEIS11 XS Sip xSy ~(fouf* - foad”)
22 2x sy x4 2

3. Maximum isolation is defined as the isolation when Sy of the amplifier is reduced to unity (buffer application).

4. lc=1mA; Vce=3V; Rg=50Q; Z =opt; Tamp = 25 °C; f, = 900 MHz; fq = 902 MHz; measured at
f2p-q) = 904 MHz.

600 MBG208 12 MBG209
|
[ THIT
Piot double loaded fr Vea-E1=12V
(mW) (GHz) /,.-
AT
400 \ 8 4 v
-\
N
N N6V
single loaded TN
\ / Nav
200 4 /
/
\\ /
///
0 0 =
0 50 100 150 200 10~ 1 10 102
T, CC) 0 I (mA)
f=1 GHz; Tamp = 25 °C.
Fig.2 Power derating as a function of soldering Fig.3 Transition frequency as a function of
point temperature; typical values. collector current; typical values.
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NPN wideband cascode transistor BFC505
MGG213 MGG214
6 I 6
F Ic =0.25 mA F
(dB) (dB)
4 4
/"“A t=g00MHz/
/
/)
2 7 2 o //
e T
// ,——%AHZ
0 0
1071 1 f (GHz) 10 10! 1 Ic (mA) 10
Veag1=1V. Veag1=1V.

Fig.4 Minimum noise figure as a function of
frequency; typical values.

Fig.5 Minimum noise figure as a function of
collector current; typical values.

MGG215
50 100
MSG ; S21/S12
(dB) —----.Q (dB)
N
40 e | NN 80
M N
N
BN
30 N 60
N
\\ N
N
20 \\ 40
10 20
2 3
10 10 10° (g 1O

(1) lc=5mA; Vgog1 =3 V.
() lc=1mA; Vgogr=1V.
(3) lc=0.5mA; Vepgs=1V.

Fig.6 Maximum stable gain and isolation as
functions of frequency; typical values.

MGG216

40
MSG S21/S12
(@8) 0 (@8)
30 /_\\\ 60
/’ @
/‘/ i \\><
/1 @) _—1
/// ’/‘
20 Y » 40
//
/
7
10 20
10~ 1 I (mA) 10

(1) Vea-g1=1V;f=500MHz.
(2) Veo-g1=1V;f=900 MHz.
(3) Vco-e1=3V;f=2GHz.

Fig.7 Maximum stable gain and isolation as
functions of collector current; typical values.
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25 MGG217 10 MGG218
gain
(dB) R =470Q IP3
20 ~ dBm 1
/,/ \\ (dBm) (1)
/ N 0
15 % 7 @
%
/ 50 Q - N
10 T ~10 1 N
A N
/1
5 // \\
/I N )
/ -20 ~ [+
0 ™ (4)
/ ~—
-5 -30
10 ! Ic (mA) 10 1071 1 Ic (mA) 10
Point tuned for maximum gain with double slug tuners; f = 900 MHz.
(1) IP3 (output); Veo.e1=3V.  (2) IP3 (output); Voppr=1V.
Vce = 1V; Rg =50 Q; Xg = X_= opt; f = 900 MHz. (3) IP3(input); Veagr =3V.  (4) IP3 (input); Vopgy =1 V.
Fig.8 Transducer gain as a function of collector Fig.9 Third order intercept point as a function of
current; typical values. collector current; typical values.
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NPN wideband cascode transistor

BFC505

APPLICATION INFORMATION

SPICE parameters for any single BFC505 die

SEQUENCE No. | PARAMETER | VALUE UNIT

1 1S 134.1 aA

2 BF 180.0 -

3 NF 0.988 -

4 VAF 38.34 \%

5 IKF 150.0 mA

6 ISE 27.81 fA

7 NE 2.051 -

8 BR 55.19 -

9 NR 0982 |- E1
MBG216

10 VAR 2.459 \'%

1 IKR 2.920 mA

12 ISC 17.45 aA

13 NC 1.062 -

14 RB 2000 |Q Fig.10 Package equivalent circuit SOT353A

15 IRB 1.000 |pA (inductance only).

16 RBM 20.00 Q

17 RE 1.171 Q

18 RC 4.350 Q

19(1) XTB 0.000 -

20(M EG 1.110 eV Lead and mutual inductances (nH)

21(1) XTI 3.000 -

22 CJE 2847 |fF LP 0.4 M(LB1,LE1) | +0.4

23 VJE 600.0 mV

” VOE 030 1o B1,2 | 05 M(LB1,LE2) [+0.25

25 TF 7.037 ps LE1.2 08

26 XTF 12.34 -

27 VTF 1.701 \Y

28 ITF 30.64 mA

29 PTF 0.000 |deg E1] 35

30 CJC 242.4 fF

31 VJC 188.6 |mV B2| 35| 35

32 MJC 0.041 -

33 XCJC 0130 |- el 2|3 |3

34 TR 1.332 ns cie2| 38 | 35 5 15

351 CJS 0.000 F MBG217

36(1) VJS 750.0 |[mV Bl BT B2 2

37(1) MJS 0.000 -

38 FC 0.897 -

Note

1. These parameters have not been extracted, the
default values are shown.

1996 Oct 08
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Typical application circuits

+VCC

RF output
(50 Q)

C4

%

Cin

CE

l MBG218

C1
RF input || . .
(50 Q) ! -[-
Lin
RE

RS increases stability.

Fig.12 Narrowband amplifier.

+VCC

|——o RF output

T1 forms a colpitts oscillator.
T2 acts as a buffer amplifier.

Fig.13 VCO/buffer combination.
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NPN wideband cascode transistor

BFC520

FEATURES PINNING - SOT353
¢ Small size SYMBOL PIN DESCRIPTION
¢ High power gain at low bias current and high bs 1 base 2
frequencies ey 2 emitter 1
¢ High reverse isolation by 3 base 1
¢ Low noise figure ciles 4 collector 1/emitter 2
* Gold metallization ensures excellent reliability o 5 collector 2
e Minimum operating voltage Vgo.g1 =1 V.
APPLICATIONS c5

e Low noise, high gain amplifiers
¢ Oscillator buffer amplifiers
* Wideband voltage-to-current converters.

DESCRIPTION

Cascode amplifier with two discrete dies in a surface
mount, 5-pin SOT353 (S-mini) package. The amplifier is
primarily intended for low power RF communications
equipment, such as pagers and cordless phones and has

a very low feedback capacitance resulting in high isolation.

QUICK REFERENCE DATA

cqleq
—B——B—El— by
1 2 3
Top view 1 MAM212

Fig.1 Simplified outline and symbol.

Veo-g1 =3 V; Ic =20 mA; Vg = 2.1 V; b, connected to ground via 1 nF (0603) capacitor, e4 connected directly to

ground.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT

Cre feedback capacitance Cgi_co - - 10 fF

|321/S12|2 maximum isolation f=900 MHz; Tymp =25 °C - -63 - dB

f=2GHz; Tamp =25 °C - -38 - dB

MSG maximum stable power gain | f =900 MHz; Tamp = 25 °C - 31 - dB

(narrowband) f=2 GHz; Tamp = 25 °C - 19 - dB

F noise figure Ilc =5 mA; f=900 MHz; I's = [gpt - 1.3 1.6 dB
Rihjs thermal resistance from single loaded - - 230 K/W
junction to soldering point double loaded _ _ 115 KW
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LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).

SYMBOL PARAMETER CONDITIONS | MiN. | maX. | uNIT
Any single transistor

Vceo collector-base voltage open emitter - 20 \Y
Vceo collector-emitter voltage open base - 8 \Y
Veso emitter-base voltage open collector - 2.5 \'

Ic DC collector current - 70 mA
Piot total power dissipation up to Tg = 60 °C; note 1 - 1 w
Tstg storage temperature —-65 +175 |[°C

T junction temperature - 175 °C

THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-s thermal resistance from junction | single loaded 230 KW
to soldering point; note 1 double loaded 115 K/W

Note to the Limiting values and Thermal characteristics
1. T, is the temperature at the soldering point of the collector pin.
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NPN wideband cascode transistor

BFC520

CHARACTERISTICS
T; = 25 °C unless otherwise specified.

SYMBOL

PARAMETER

CONDITIONS

| MIN. | TYP. | maX. | unIT

DC characteristics of any single transistor

V(BR)CBO collector-base breakdown voltage |lc=2.5pA;lg=0 20 - - \Y%
V(BR)CEO collector-emitter breakdown voltage | Ic = 10 pA; I =0 8 - - \
V(BR)EBO emitter-base breakdown voltage le=25pA;lc=0 25 - - \
lceo collector-base leakage current le=0;Veg=6V - - 50 nA
hee DC current gain lc=20mA;Vgg=6V 60 120 250
AC characteristics of the cascode configuration
fr transition frequency Ic=20mA; Vo1 =3V, - 7 - GHz
f=1GHz
Ce collector capacitance T2 le=ieg=0; Veapa=1V; - 055 |- pF
f=1MHz
Cre2 feedback capacitance T2 lc=0;Voog1=3V;f=1MHz |- 500 - fF
Cre feedback capacitance lc=0;Voog1=3V;f=1MHz |- - 10 fF
MSG maximum stable power gain; note 1 | Ic =20 mA; Vgo.g1 =3 V; - 31 - dB
f=900 MHz; Tomp =25 °C
lC =20 mA; VCZ-E1 =3V, - 19 - dB
f=2 GHz; Tamp =25 °C
s insertion power gain Ic=20mA; Vco.g1 =3 V; - 17 - dB
|S24] f = 900 MHZ; Tamb = 25 °C
lc=20mA; Veog1 =3V, - 13 - dB
f=2 GHz; Tamp =25 °C
2 | maximum isolation; note 2 f =900 MHz - 63 - dB
8217512
f=2GHz - 38 - dB
F noise figure lc=5mA; Veog1 =3V, - 1.3 1.6 dB
f=900 MHz; I's = T'pt
1P3 third order intercept point (input) note 3 - -18 - dBm
Notes

1. MSG= |s12/321‘x(k—A/k2—1) K

2 2 2
- 14811 XS5 =815 X Sy —(|S11I ~[S2) )

2x |s12 X 521!

2. Maximum isolation is defined as the isolation when Sy of the amplifier is reduced to unity (buffer application).
3. lc=5mA; Vce=3V; Rs=50Q; Z =opt; Tamp =25 °C;
fp = 900 MHz; fq = 902 MHz; measured at fzp q) = 904 MHz.
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1.5 MBG226 12 S IhlfBGZIQ
Vea-E1=12V
Ptot fr 1111
(mW) (GHz) — T
double loaded Z_ ‘T \?
‘ N : N
\\ ,—-’\\\ 6V
05 single loaded \ / \ 3V
- ~ N 4 4
\\ \ ) /
\\ —
% 50 100 150 200 01 10 - o 102
c

T4 (°C)

f=1GHz; Tamp = 25 °C.

Fig.3 Transition frequency as a function of

Fig.2 Power derating as a function of soldering
collector current; typical values.

point temperature; typical values.

MGG220

4 MGG219 3
E F
(dB)
. (dB) f = 900 MHz
) /
Ic=2mA / 500 MHz
2 A
/”/
Y/10 mA )
Ry 1 adl
A
; ! // e
»
0L 0 2
10 1 f(GHz) 10 1 10 Ic (mA) 10
Veeg1 =3 V. Veag1=3V.

Fig.5 Minimum noise figure as a function of

Fig.4 Minimum noise figure as a function of
collector current; typical values.

frequency; typical values.
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Fig.6 Maximum stable gain as a function of
frequency; typical values.

MGG222
60 : MGG221 50
'C =
MSG $21/812
MSG 5mA $21/812 (dB) (dB)
(dB) \{f2ma (dB) = 500 MHz
40 80
N :\F //’ \
40 NN :\\ 80 /]
\I: N\ / 900 MHz
1ma NN % 4 | .
NN p ~
\\ an
v
20 40 "
Q 2GHz
\ 20 . al 40
A
/
A1
0 0 10 20
1072 10 T ot@Hy 1° 107 ! 0 igmay 10°
Veaer=3V. Veo.g1 =3 V.

Fig.7 Maximum stable gain and isolation as
functions of collector current; typical values.

30 MGG223
S21 RL=220Q
(dB) bt
1
Pq
2 50 Q
N

0
—1 2
10 1 10 IG (mA) 10

Veae1 =3 V; Rg = 50 Q; Xg = X = opt; f = 900 MHz.

Fig.8 Insertion gain as a function of collector
current; typical values.

MGG224
10

L/ "Yutput
0

-10
TN
20 A N inpu
\\-/
-30 \T 5
10 1 10 Ic (mA) 10

Point tuned for maximum gain with double slug tuners.
Veag1 =3V, f=900 MHz.

Fig.9 Third order intercept point as a function of
collector current; typical values.
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BFC520

APPLICATION INFORMATION

SPICE parameters for any single BFC520 die

SEQUENCE No. | PARAMETER | VALUE | UNIT
1 IS 1.016 fA
2 BF 220.1 -
3 NF 1.000 -
4 VAF 48.06 \Y
5 IKF 510.0 mA
6 ISE 283.0 fA
7 NE 2.035 -
8 BR 100.7 -
9 NR 0.988 - MBGZE;
10 VAR 1.692 \
1 IKR 2.352 mA
12 ISC 24.48 aA
13 NC 1.022 -
14 RB 10.00 Q Fig.10 Package equivalent circuit SOT353A
15 IRB 1.000  |pA (inductance only).
16 RBM 10.00 Q
17 RE 775.3 mQ
18 RC 2.210 Q
19(1) XTB 0.000 -
20(1 EG 1.110 eV Lead and mutual inductances (nH)
21() XTI 3.000 -
22 CJE 1.245 pF LP 0.4 M(LB1,LE1) +0.4
23 VJE 600.0 mV
24 MJE 0.058 ~ LB1,2 0.5 M(LB1,LE2) +0.25
25 TF 8.616 ps LE1,2 08
26 XTF 6.788 -
27 VTF 1.414 \%
28 ITF 110.3 mA
29 PTF 45.01 deg E1| 35
30 CJC 447.6 fF
31 vJc 189.2 |mvV B2 351 35
32 MJC 0.071 -
33 XCJC 0130 |- c21 2 | 35|36
34 TR 543.7 ps ciez| 36 | 35 o 15
35" CJS 0.000 |F vBG217
361 VJs 750.0 mV BT E1 B2 C2
37() MJS 0.000 -
38 FC 0.780 -
Note

1. These parameters have not been extracted, the
default values are shown.
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Fig.11 Package capacitance (fF) between
indicated nodes.
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Product specification

NPN wideband cascode transistor

BFC520

Typical application circuits

l MBG227

T1 forms a colpitts oscillator.
T2 acts as a buffer amplifier.

Fig.13 VCO/buffer combination.

§“‘|. |L l +VCC
H] R1
RF output
Hi
RF input —
E ]; MBG226
R1 increases stability (10 to 47 Q).
Fig.12 Narrowband amplifier.
[|] +VCC
|—o RF output
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]

NPN wideband differential transistor BFES505
-]
FEATURES PINNING - SOT353B
* Small size SYMBOL PIN DESCRIPTION
e High power gain at low bias current and voltage by 1 base 1
e Temperature matched e 2 emitter
¢ Balanced configuration bs 3 base 2
e hpg matched Co 4 collector 2
e Continues to operate at Vgg <1 V. Cq 5 collector 1
APPLICATIONS
¢ Single balanced mixers 3 2 1
¢ Balanced amplifiers ¢ C2
» Balanced oscillators.

by by
DESCRIPTION _H——B_

e

Emitter coupled dual NPN silicon RF transistor in a surface 4 5
mount, 5-pin SOT353 (S-mini) package. The transistor is Top view MAM211
primarily intended for applications in the RF front end as a
balanced mixer, a differential amplifier in analog and digital i o )
cellular phones, and in cordless phones, pagers and Fig.1 Simplified outline and symbol.
satellite TV-tuners.

QUICK REFERENCE DATA

SYMBOL PARAMETER J CONDITIONS | min. | TvP. | maX. | UNIT

Any single transistor

Cre feedback capacitance Cgc le=0;Veg=3V;f=1MHz - 0.25 0.3 pF

MSG/Gmax | maximum power gain lc=5mA; Vge =3V, f=900 MHz - 17 - dB
lc=5mA;Vce=3V,;f=2GHz - 10 - dB

F noise figure lc =2 mA; Vcg =3V, f =900 MHz; - 1.2 1.7 dB
I's= ropt
lc=3mA;Vcg =3V, f=2 GHz; - 1.9 21 dB
I's= 1—opt

hee DC current gain lc=5mA;Vcg=3V 60 120 250

Rinj-s thermal resistance from single loaded - - 230 K/W

junction to soldering point double loaded _ _ 115 K/W
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Product specification

NPN wideband differential transistor

BFES505

LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).

SYMBOL PARAMETER CONDITIONS | MiN. | max. | uNIT
Any single transistor

Veeo collector-base voltage open emitter - 20 \'
Vceo collector-emitter voltage open base - 8 \
Veso emitter-base voltage open collector - 25 \Y

lc DC collector current - 18 mA
Piot total power dissipation up to Tg = 118 °C; note 1 - 500 mW
Tstg storage temperature -65 +175 |[°C
T; operating junction temperature - 175 °C
THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-s thermal resistance from junction | single loaded 230 KW
to soldering point; note 1 double loaded 115 K/W

Note to the Limiting values and Thermal characteristics

1. Tsis the temperature at the soldering point of the collector pin.
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Product specification

NPN wideband differential transistor

BFE505

CHARACTERISTICS
Tj = 25 °C unless otherwise specified.

symsoL | PARAMETER CONDITIONS [ min. | Tve. | max. | unir
DC characteristics of any single transistor
V(BR)CBO collector-base breakdown voltage |lc=2.5pA;lg=0 20 - - \"
V(BR)CEO collector-emitter breakdown voltage | Ic = 10 pA; I =0 8 - - Vv
V(8R)EBO emitter-base breakdown voltage le=25pA;lc=0 2.5 - - \
lceo collector-base leakage current le=0;Veg=6V - - 50 nA
hee DC current gain Ilc=5mA;Vce=6V 60 120 250
DC characteristics of the dual transistor
Ahge ratio of highest and lowest DC Ic1 =lco =5 mA; 1 1.2 -
current gain Vce1 =Vee2=6V
AVBeo difference between highest and lg1=lgp=10mA; Tgmp=25°C |0 1 - mV
lowest base-emitter voltage
(offset voltage)
AC characteristics of any single transistor
fr transition frequency lc=5mA;Vce=3V;f=1GHz |- 9 - GHz
Ce collector capacitance le=ig=0;Veg=3V;f=1MHz |- 0.3 - pF
Cre feedback capacitance lc=0;Veg=3V;f=1MHz - 025 |- pF
MSG/Gmax | maximum power gain; note 1 lc=5mA; Ve =3V, - 17 - dB
f =900 MHz; Tymp =25 °C
|C=5mA;VCE=3V; - 10 - dB
f=2GHz; Tamp =25 °C
s |2 insertion power gain lc=5mA;Vce=3V, - 13 - dB
[S21] f = 900 MHz; Tamp = 25 °C
F noise figure lc=2mA;Vce=3V; - 1.2 1.7 dB
f=900 MHz; T's = I'gpt
lc=3mA;Vge=3V; - 1.9 2.1 dB
f=2 GHz; T's = T'opt
Note

1. Maximum gain of the differential amplifier is higher because of internal emitter connection (see Fig.2).

1996 Oct 08

124



Philips Semiconductors

Product specification

NPN wideband differential transistor

BFE505

APPLICATION INFORMATION

SPICE parameters for any single BFE505 die

SEQUENCE No. | PARAMETER | VALUE | UNIT
1 1S 134.1 aA
2 BF 180.0 |-
3 NF 0.988 |- B1 B
4 VAF 38.34 \'
5 IKF 150.0 |[mA
6 ISE 27.81 fA
7 NE 2.051 -
8 BR 5519 |-
9 NR 0.982 |-
10 VAR 2459 |V E Heereo
11 IKR 2920 |[mA
12 ISC 17.45 |aA Fig.2 Package equivalent circuit SOT353B
13 NC 1.062 |- (inductance only).
14 RB 20.00 |(Q
15 IRB 1.000 |uA
16 RBM 20.00 |Q
17 RE 1.171 Q
18 RC 4.350 Q Lead inductances (nH)
19(1) XTB 0.000 -
2000 EG 1110 eV L} 04
21(1) XTI 3.000 |- B 08
22 CJE 284.7 |fF
23 VJE 600.0 [(mV LE 0.6
24 MJE 0.303 |-
25 TF 7.037 ps
26 XTF 12.34 |-
27 VTF 1.701 \ E| 35
28 ITF 30.64 |[mA
29 PTF 0.000 |deg B2| 35| 35
30 cJC 2424 |fF
c2| 2 35 | 36
31 VvJC 188.6 |mV
32 MJC 0.041 - c1| 3 | 35| 2 15
33 XCJC 0.130 |- MBG191
34 TR 1.332 |ns Bt B B2 @
35() CJs 0.000 |F
360 VIS 750.0 |mV Fig.3 Package capacitance (fF) between
37 MJS 0.000 |- indicated nodes.
38 FC 0.897 |-
Note

1. These parameters have not been extracted, the
default values are shown.
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Product specification

NPN wideband differential transistor

BFE505

Typical application circuit

+VCC

HHH

Y

LOin
+VCC

l MBG192

Fig.4 Single balanced switching mixer amplifier, featuring high LO«>RF isolation and linearity.
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Philips Semiconductors Product specification
]

NPN wideband differential transistor BFE520
]
FEATURES PINNING - SOT353B
* Small size PIN SYMBOL DESCRIPTION
¢ High power gain at low bias current and voltage b 1 base 1
e Temperature matched e 2 emitter
¢ Balanced configuration by 3 base 2
o hge matched Co 4 collector 2
e Continues to operate at Veg <1 V. Cq 5 collector 1
APPLICATIONS
¢ Single balanced mixers 3 2 1
* Balanced amplifiers 1 C2
* Balanced oscillators.

by by

DESCRIPTION ' '

L) :
Emitter coupled dual NPN silicon RF transistor in a surface 4 5
mount 5-pin SOT353 (S-mini) package. The transistor is Top view MAM211
primarily intended for applications in the RF frontend as a
balanced mixer, a differential amplifier in analog and digital . o .
cellular phones, and in cordless phones, pagers and Fig.1 Simplified outline and symbol.
satellite TV-tuners.

QUICK REFERENCE DATA

sYMBOL |  PARAMETER | CONDITIONS | min. [ Tve. | max. | uniT

Any single transistor

Cre feedback capacitance Cgc  |le=0; Veg=3V; f=1MHz - 035 |04 pF

MSG/Gmax | maximum power gain lc =20 mA; Vge =3 V; f = 900 MHz - 16 - dB
Ic=2OmA;VCE=3V;f=2GHz - 9 - dB

F noise figure lc =5 mA; Vcg =3 V; f = 900 MHz; - 1.1 1.6 dB
I's= 1-‘opt
Ic =5 mA; Veg =3 V; f = 2 GHz; - 1.9 - dB
I's= 1—‘opt

hee DC current gain Ilc=20mA; Ve =3V 60 120 250

Rthj-s thermal resistance from single loaded - - 230 K/W

junction to soldering point double loaded _ _ 15 K/W
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Product specification

NPN wideband differential transistor BFES520

LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).

SYMBOL PARAMETER | CONDITIONS | min. | max. [ unir
Any single transistor

Veceo collector-base voltage open emitter - 20 \
Vceo collector-emitter voltage open base - 8 \Y
VeBO emitter-base voltage open collector - 2.5 \%

Ic DC collector current - 70 mA
Piot total power dissipation up to Tg = 118 °C; note 1 - 1 w
Tstg storage temperature -65 +175 |°C

T junction temperature - 175 °C
THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-s thermal resistance from junction | single loaded 230 K/W
to soldering point; note 1 double loaded 115 K/W

Note to the Limiting values and Thermal characteristics
1. Tsis the temperature at the soldering point of the collector pin.
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Product specification

NPN wideband differential transistor BFE520
CHARACTERISTICS
T; = 25 °C unless otherwise specified.
SsymBoL | PARAMETER CONDITIONS | min. | TYP. | MAX. | UNIT
DC characteristics of any single transistor
V(BR)CBO collector-base breakdown voltage |lc=2.5uA;lg=0 20 - - \
V(BR)CEO collector-emitter breakdown voltage | Ic = 10 yA; Ig =0 8 - - \'
V(BR)EBO emitter-base breakdown voltage le=25pA;lc=0 2.5 - - \'
lceo collector-base leakage current le=0;Veg=6V — - 50 nA
hre DC current gain lc=20mA;Vce=6V 60 120 250
DC characteristics of the dual transistor
Ahgg ratio of highest and lowest DC Ic1 =lc2 =20 mA; 1 1.2 -
current gain Voe1=Veee =6V
AVgeo difference between highest and le1=lgo=30mA; Taqmp=25°C |0 1 - mV
lowest base-emitter voltage
(offset voltage)
AC characteristics of any single transistor
fr transition frequency Ic=20mA; Vce =3V, - 9 - GHz
f=1GHz
Ce collector capacitance le=ig=0;Veg=3V;f=1MHz |- 0.4 0.45 pF
Cre feedback capacitance lc=0;Veg=3V;f=1MHz - 0.35 0.4 pF
MSG/Gnax | maximum power gain; note 1 lc=20mA; Ve =3V, - 16 - dB
f =900 MHz; Ty =25 °C
lc=20mA; Ve =3V, - 9 - dB
f=2GHz; Tymp =25°C
s 2 insertion power gain Ic=20mA; Vce=3V; 13 14 - dB
|S21] f = 900 MHZ; Tamp = 25 °C
F noise figure lc=5mA;Vce=3V; - 1.1 1.6 dB
f=900 MHZ, FS = l“op,
lc=5mA;Vce=3V; - 1.9 - dB
f=2 GHz, I's = Topt
Note

1. Maximum gain of the differential amplifier is higher because of internal emitter connection (see Fig.2).
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Product specification

NPN wideband differential transistor

BFE520

APPLICATION INFORMATION

SPICE parameters for any single BFE520 die

SEQUENCE No. | PARAMETER | VALUE | UNIT

1 IS 1.016 [fA

2 BF 220.1 -

3 NF 1.000 |-

4 VAF 48.06 |V

5 IKF 5100 |mA

6 ISE 2830 |fA

7 NE 2035 |-

8 BR 1007 |-

9 NR 0.988 |-

10 VAR 1692 |V 2 MBG190

1 IKR 2.352 |mA

12 ISC 24.48 aA Fig.2 Package equivalent circuit SOT353B

13 NC 1022 |- (inductance only).

14 RB 10.00 (Q

15 IRB 1.000 |[upA

16 RBM 10.00 (Q

17 RE 7753 mQ Lead inductances (nH)

18 RC 2210 |Q

1901 XTB 0.000 |- 0.4

20(1) EG 1.110 |eV

21(1) XTI 3.000 |- 0.8

22 CJE 1.245 |pF

23 VJE 600.0 |mV 06

24 MJE 0.258 |-

25 TF 8.616 |ps

26 XTF 6.788 |- el 35

27 VTF 1.414 |V

28 ITF 110.3 |[mA g2| 35| 35

29 PTF 45.01 deg

30 CJC 4476 |fF c2| 2 35 | 36

31 vJC 189.2 [mV

32 MJC 0.071 |- C1] 363 | 2 [15
MBG191

33 XCJC 0.130 |- B1 E B2 C2

34 TR 543.7 |ps

3501 CJs 0.000 |F

36() vJs 750.0 mv Fig.3 Package capacitance (fF) between

37 MJS 0.000 |- indicated nodes.

38 FC 0.780 |-

Note

1. These parameters have not been extracted, the
default values are shown.
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Product specification

NPN wideband differential transistor

BFE520

Typical application circuit

+VCC

-
_—

Y

Y

LOin
+VCC

l MBG192

Fig.4 Single balanced switching mixer amplifier, featuring high LO<RF isolation and linearity.
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]

NPN 2 GHz RF power transistor BFG10; BFG10/X

FEATURES PINNING
* High power gain PIN | DESCRIPTION
* High efficiency BFG10 (see Fig.1)
4 3
« Small size discrete power amplifier 1 collector - _
e 1.9 GHz operating area 2 base
* Gold metallization ensures 8 emitter —
excellent reliability. 4 emitter 1 2
BFG10/X (see Fig.1) Top view MSBO14
APPLICATIONS 1 collector
e Common emitter class-AB 2 emitter
operation in hand-held radio 3 base Fig.1 SOT143
equipment at 1.9 GHz. 2 emitter ’ '
DESCRIPTION MARKING
NPN silicon planar epitaxial transistor TYPE NUMBER CODE
encapsulated in plastic, 4-pin
dual-emitter SOT143 package. BFG10 N70
BFG10/X N71

QUICK REFERENCE DATA
RF performance at Ty, = 25 °C in a common-emitter test circuit (see Fig.7).

f Vce PL Gp Ne
MODE OF OPERATION (GHz) V) (mW) (dB) (%)
Pulsed, class-AB, duty cycle: <1:8 1.9 3.6 200 >5 >50

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vceo collector-base voltage open emitter - 20 \

Vceo collector-emitter voltage open base - 8 \

VEBO emitter-base voltage open collector - 2.5 \%

lc collector current (DC) - 250 mA
Icav) average collector current - 250 mA

Piot total power dissipation up to Ts = 60 °C; see Fig.2; note 1 - 400 mwW
Tstg storage temperature -65 +150 °C

T junction temperature - 175 °C
Note

1. Tsis the temperature at the soldering point of the collector pin.
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NPN 2 GHz RF power transistor BFG10; BFG10/X
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rinj-s thermal resistance from junction to up to Ts =60 °C; note 1; 290 K/W
soldering point Piot = 400 mW
Note

1. Tsis the temperature at the soldering point of the collector pin.

CHARACTERISTICS
Tj = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
Viericeo | collector-base breakdown voltage open emitter; Ic = 0.1 mA 20 - \
Viriceo | collector-emitter breakdown voltage open base; Ic =5 mA 8 — \
VerEBo | emitter-base breakdown voltage open collector; Ig = 0.1 mA 2.5 - \Y
lces collector leakage current Vece=5V;Vge=0 - 100 uA
hee DC current gain lc=50mA; Vce=5V 25 -
Ce collector capacitance le=ie=0;Vcg=3.6V;f=1MHz - 3 pF
Cre feedback capacitance lc=0;Vce=3.6V;f=1MHz - 2 pF
MLC818 MLC819
500 2.0
Ptot Co
(mW)
(PF)
400 < is \
\
300
\‘ 1.0 —
. e
200 \\
N
0.5
100 \\\
0 0
0 50 100 150 _ 200 0 2 4 6 8 10
Ts (°C) Ve (V)
lc=0;f=1MHz.

Fig.3 Collector capacitance as a function of
Fig.2 Power derating curve collector-base voltage; typical values.
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Product specification

NPN 2 GHz RF power transistor

BFG10; BFG10/X

APPLICATION INFORMATION

RF performance at Tmp = 25 °C in a common-emitter test circuit (see Fig.7).

f Vce Ica PL Gp Ne
MODE OF OPERATION (GHz2) V) (mA) (mW) (dB) (%)
>5 >50
Pulsed, class-AB, duty cycle: <1:8 1.9 3.6 1 200
typ. 7 typ. 60

Ruggedness in class-AB operation

The BFG10 is capable of withstanding a load mismatch corresponding to VSWR = 8 : 1 through all phases, at rated
output power under pulsed conditions up to a supply voltage of 7 V, f = 1.9 GHz and a duty cycle of 1 : 8.

MLC820

10
G p Nc
(dB) N (%)
8 80

G
6 v P 60
/|
//
4 40
/
2 20
0 0
0 100 200 300 400 500

PL (mW)

Pulsed, class-AB operation.
Vce=3.6V; Vge =0.65 V; f = 1.9 GHz; duty cycle < 1: 8.
Circuit optimized for P = 200 mW.

Fig.4 Power gain and efficiency as functions
of load power; typical values.

mLC821

500
PL

(mW)
400

300

200

1995 Aug 31

100
/

0 50 100 150

-------

Pulsed, class-AB operation.
Vce=3.6V; Vge =0.65V; f=1.9 GHz; duty cycle < 1: 8.
Circuit optimized for P|_ = 200 mW.

Fig.5 Load power as a function of drive
power; typical values.
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NPN 2 GHz RF power transistor BFG10; BFG10/X

SPICE parameters for the BFG10 crystal

SEQUENCE No. | PARAMETER | VALUE | UNIT
1 IS 2714 [fA Cep
2 BF 1028 |- il
3 NF 0.998 |-
L1 L L2
4 VAF 2812 |V NN (NN - SN
5 IKF 6.009 |A .
6 ISE 4032 |pA Cbe == == Cce
7 NE 2937 |- E Le
8 BR 31.01 |- micass
9 NR 0.999 |- E L
10 VAR 2.889 |V
11 IKR 0284 |[A E
12 ISC 1.487 [fA
13 NC 1.100 QLg =50; QLg = 50; QLgg(f) = QLBIE\/(f/fc);
14 RB 3.500 Q . = scaling frequency = 100 MHz.
15 IRB 1.000 |pA
16 RBM 3.500 Q Fig.6 Package equivalent circuit SOT143.
17 RE 0217 |Q
18 RC 0.196 |Q List of components (see Fig.6)
190 XT8B 0000 |- DESIGNATION VALUE UNIT
20(1) EG 1110 [ev o ” =
21(1) XTI 3.000 |-
22 CJE 5.125 |pF Cob 7 F
23 VJE 0.600 |V Ce 191 fF
24 MJE 0367 |- L1 0.12 nH
25 TF 1207 |ps L2 021 nH
26 XTF 9940 |- i3 0.06 nH
27 VTF 7220 |V Ls 0.95 nH
28 ITF 3950 |A Le 0.40 nH
29 PTF 0.000 |deg
30 cJc 2.327 |pF
31 vJC 0.668 |V
32 MJC 0.398 |-
33 XCJC 0.160 |-
340 TR 0.000 |ns
350 cJs 0.000 |F
36(1) VJS 750.0 |mv
3701) MJS 0.000 |-
38 FC 0652 |-
Note

1. These parameters have not been extracted,
the default values are shown.
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NPN 2 GHz RF power transistor BFG10; BFG10/X

Test circuit information

T 50 Q
output
C9

L5

MmLC822

Fig.7 Common-emitter test circuit for class-AB operation at 1.9 GHz.
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Product specification

NPN 2 GHz RF power transistor

BFG10; BFG10/X

List of components used in test circuit (see Fig.7)

COMPONENT DESCRIPTION VALUE DIMENSIONS | CATALOGUE No.
C1,C9, C10, C11 | multilayer ceramic chip capacitor; note 1 |24 pF
C2, C3, C4, C5, multilayer ceramic chip capacitor; note 1 | 0.86 pF
Ce6, C7
(01:] multilayer ceramic chip capacitor; note 1 | 1.1 pF
C12,C13 electrolytic capacitor 470 uF; 10V 2222 031 34471
C14, C15, C16 multilayer ceramic chip capacitor; note 1 | 10 nF
L1 stripline; note 2 length 28.5 mm
width 0.93 mm
L2 stripline; note 2 length 2.3 mm
width 0.93 mm
L3 stripline; note 2 length 3.1 mm
width 0.93 mm
L4 stripline; note 2 length 3.3 mm
width 0.93 mm
L5 stripline; note 2 length 16.3 mm
width 0.93 mm
L6 stripline; note 2 length 10 mm
width 0.93 mm
L7 stripline; note 2 length 4.4 mm
width 0.4 mm
L8 stripline; note 2 length 19.3 mm
width 0.93 mm
L9 stripline; note 2 length 19.7 mm
width 0.4 mm
L10 micro choke
T1 BD228
R1 metal film resistor 20Q;04 W 2322 157 10209
R2 metal film resistor 530 Q; 0.4 W 2322 157 15301
Notes

1. American Technical Ceramics (ATC) capacitor, type 100A or other capacitor of the same quality.
2. The striplines are on a 3, inch double copper-clad printed-circuit board with PTFE fibre-glass dielectric (g, = 6).
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Product specification

NPN 2 GHz RF power transistor

BFG10; BFG10/X

Dimensions in mm.

Collector

Cc11

Q
s

-
o

L2 L3 L4 C7C8 gyjlector MLC823

The components are situated on one side of the copper-clad PTFE microfibre-glass board, the other side is not etched and
serves as a ground plane. Earth connections from the component side to the ground plane are made by through metallization.

Fig.8 Printed-circuit board and component lay-out for common-emitter test circuit in Fig.7.
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Product specification

UHF power transistor

BFG10W/X

FEATURES
e High efficiency
o Small size discrete power amplifier

e 900 MHz and 1.9 GHz operating
areas

* Gold metallization ensures
excellent reliability.

APPLICATIONS

e Common emitter class-AB
operation in hand-held radio
equipment up to 1.9 GHz.

DESCRIPTION

NPN silicon planar epitaxial transistor
encapsulated in a plastic, 4-pin
dual-emitter SOT343 package.

PINNING
PIN DESCRIPTION
1 collector
2 emitter
3 base
4 emitter

Top view

Marking code: T5.

MBK523

Fig.1 SOT343.
QUICK REFERENCE DATA
RF performance at Tamp = 25 °C in a common-emitter test circuit.
f Vce PL Gp Ne
MODE OF OPERATION (GHz) v) (mW) (dB) (%)
Pulsed, class-AB, duty cycle: <1:2;t, =10 ms 1.9 3.6 200 =5 250
Pulsed, class-AB, duty cycle: <1:8;t,=4.6 ms 0.9 6 650 210 >50
0.9 6 360 2125 >50
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veeo collector-base voltage open emitter - 20 \
Vceo collector-emitter voltage open base - 10 \'%
VeBo emitter-base voltage open collector - 2.5 \'
Ic collector current (DC) - 250 mA
Ic(av) average collector current - 250 mA
Piot total power dissipation up to Tg = 102 °C; note 1 - 400 mW
Tstg storage temperature -65 +150 °C
T; junction temperature - 175 °C
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rinj-s thermal resistance from junction to up to Ts = 102 °C; note 1; 180 K/W
soldering point Ptot = 400 mW

Note to the Limiting values and Thermal characteristics

1. Tsis the temperature at the soldering point of the collector pin.
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UHF power transistor BFG10W/X
CHARACTERISTICS
T; = 25 °C (unless otherwise specified).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veryceo | collector-base breakdown voltage open emitter; Ic = 0.1 mA 20 - \Y
VeRriceo | collector-emitter breakdown voltage | open base; Ic =5 mA 10 - \
VeriEBO | emitter-base breakdown voltage open collector; Ig = 0.1 mA 2.5 - \Y
lces collector cut-off current Vce=6V; Vge=0 - 100 A
heg DC current gain lc=50mA; Vge=5V 25 -
Ce collector capacitance le=ie=0;Veg=6V;f=1MHz - 3 pF
Cre feedback capacitance lc=0;Vcg=6V;f=1MHz - 2 pF
103 MBG431
Zth j-a
(K/W)
=1
5 -
107 o5 —

©

10 002 = P‘ 8=
0.01 ‘ I'_i i_
,'tpL- t
- T
’ [
1076 1075 107 1078 1072 107! t (s) 1

Fig.2 Transient thermal impedance from junction to soldering point as a function of pulse time; typical values.
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UHF power transistor
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MLC819

0.5

0 2 4 6 8

10
Veg V)

Fig.3 Collector capacitance as a function of

collector-base voltage.
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Product specification

UHF power transistor BFG10W/X
APPLICATION INFORMATION
RF performance at Tymp = 25 °C in a common-emitter test circuit.
f Vee P Gp Ne
MODE OF OPERATION (GH2) v) (mW) (dB) (%)
Pulsed, class-AB, duty cycle: <1:2; t, =10 ms 1.9 3.6 200 >5; typ. 7 >50; typ. 60
Pulsed, class-AB, duty cycle: <1:8;t, =5ms 0.9 650 >10 >50
0.9 6 360 212.5 >50

Ruggedness in class-AB operation

The BFG10W/X is capable of withstanding a load mismatch corresponding to VSWR = 6 : 1 through all phases under
pulsed conditions up to a supply voltage of 8.6 V under the conditions: 900 MHz; 650 mW; t, = 4.6 ms; duty cycle of 1 : 8
and up to a supply voltage of 5.5 V under the conditions: 1.9 GHz; 200 mW; t, = 10 ms; duty cycle of 1: 2.

MLC820
10
Gp Me
(dB) Nc (%)
8 80
P
V
G
6 e /, 2 60
/
//
4 40
/
2 20
0
0 100 200 300 400 500
P (mW)
Pulsed, class-AB operation.
Vee=3.6V; f=1.9GHz; duty cycle <1:2.
Circuit optimized for P = 200 mW.
Fig.4 Powergainand efficiency as functions
of load power; typical values.

MBG194
16
G p G Tl Cc
(dB) p (%)
\
12 60
/ Me AN
- g
8 40
4 20
0 20
0.3 0.5 0.7 0.9 1.1
PL(mW)

Pulsed, class-AB operation.
Vce =6 V; f =900 MHz; duty cycle <1 : 8.

Circuit optimized for P = 600 mW.

Fig.5 Power gain and efficiency as functions
of load power; typical values.
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Product specification

UHF power transistor BFG10W/X
List of components (see Fig.6)
COMPONENT DESCRIPTION VALUE DIMENSIONS | CATALOGUE No.

TR1 bias transistor, BC548 or equivalent note 1

C1,C4,C7 capacitor; notes 2 and 3 120 pF

c2 capacitor; note 2 6.8 pF

C3 capacitor; note 2 0.5 pF

Cs capacitor; note 2 1.2 pF

Ccé capacitor; note 2 1.9 pF

Ccs Philips multilayer capacitor 1nF, 10V

Cc9 Philips capacitor 1500 puF, 10V 2222 032 14152
L1 6 turns enamelled 0.7 mm copper wire length 3.5 mm

L4 2 turns enamelled 0.7 mm copper wire length 3 mm

L2, L3 RF choke, Philips 4312 020 36690
R1 metal film resistor 275 Q

R2 metal film resistor 100 Q

R3 metal film resistor 10Q
Notes

1. Vgeat 1 mA mustbe 0.65 V.
2. American Technical Ceramics type 100A or capacitor of same quality.
3. Resonant at 1900 MHz.

+Vee

PCB RT5880, thickness 0.79 mm.

Fig.6 Class-AB test circuit at f = 900 MHz.
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Product specification

UHF power transistor BFG10W/X
List of components (see Fig.6)
COMPONENT DESCRIPTION VALUE DIMENSIONS | CATALOGUE No.
TR1 bias transistor, BC548 or equivalent note 1
C1,C6,C7,C8 capacitor; notes 2 and 3 24 pF
c2 capacitor; note 2 0.4 pF
C3 capacitor; note 2 2.4 pF
C4 capacitor; note 2 0.5 pF
C5 capacitor; note 2 1.2 pF
C9, C10 Philips capacitor 1500 puF, 10V 2222 032 14152
L1, L2 RF choke, Philips 4330 030 36301
R1, R2 metal film resistor 75 Q
R3, R4 metal film resistor 10Q
Notes

1. Vggat 1 mA mustbe 0.65 V.
2. American Technical Ceramics type 100A or capacitor of same quality.
3. Resonant at 1900 MHz.

PCB RT5880, thickness 0.79 mm.

Fig.7 Class-AB test circuit at f = 1.9 GHz.

MBG429
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NPN 2 GHz RF power transistor

FEATURES
e High power gain
¢ High efficiency

o Small size discrete power amplifier

APPLICATIONS

1.9 GHz operating area

Gold metallization ensures excellent reliability.

e Common emitter class-AB operation in hand-held radio
equipment at 1.9 GHz.

Product specification

BFG11; BFG11/X

DESCRIPTION

NPN silicon planar epitaxial transistors encapsulated in a
plastic, 4-pin dual-emitter SOT143 package.

MARKING

TYPE NUMBER CODE
BFG11 N72
BFG11/X N73

PINNING . s
PIN DESCRIPTION ‘I D‘
BFG11 (see Fig.1)
1 collector M —5
2 base '
Top view MSB014
3 emitter
4 emitter
BFG11/X (see Fig.1)
1 collector
2 emitter
3 b
ase Fig.1 SOT143.
4 emitter
QUICK REFERENCE DATA
RF performance at Tymp = 25 °C in @ common-emitter test circuit (see Fig.7).
f Vce P Gp Ne
MODE OF OPERATION (GH2) V) (mW) (dB) (%)
Pulsed, class-AB, duty cycle < 1:8 1.9 3.6 400 >4 >50
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NPN 2 GHz RF power transistor BFG11; BFG11/X
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veeo collector-base voltage open emitter - 20 \'%
Vceo collector-emitter voltage open base - 8 Vv
VEBO emitter-base voltage open collector - 2.5 \%
Ic collector current (DC) - 500 mA
Icav) average collector current - 500 mA
Piot total power dissipation up to Tg = 60 °C; note 1; see Fig.2 - 400 mwW
Tstg storage temperature —65 +150 °C
T; junction temperature - 175 °C
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rin j-s thermal resistance from junction to soldering point | up to Ts = 60 °C; note 1; 290 KW
Piot = 400 mW

Note to the “Limiting values” and “Thermal characteristics”
1. Tsis the temperature at the soldering point of the collector pin.

MLC818

500

Ptot

{m\WW)
M)

400

300
N
200 \

100 \

200
T (°C)

Fig.2 Power derating curve.
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NPN 2 GHz RF power transistor BFG11; BFG11/X
CHARACTERISTICS
T; = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VeRricBo | collector-base breakdown voltage open emitter; Ic = 0.1 mA; lg=0 20 - \'
Verjceo | collector-emitter breakdown voltage | open base; Ic = 10 mA; Ig =0 8 - \%
V(BrjEBO | emitter-base breakdown voltage open collector; e =0.1 mA; Ic=0 |25 - \
lces collector cut-off current Vee=8V;Vge=0 - 100 uA
hee DC current gain lc=100mA; Ve =5V 25 -
Ce collector capacitance le=ie=0;Veg=3.6V;f=1MHz |- 4 pF
Cre feedback capacitance Ilc=0;Vge=36V;f=1MHz - 3 pF
MLC848
4
Cc
(pF)
3 \\\
\
2 I~
\\
1
0
0 2 4 6 8 10
Veg V)

I =0;f=1MHz

Fig.3 Collector capacitance as a function of
collector-base voltage; typical values.
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Product specification

NPN 2 GHz RF power transistor

BFG11; BFG11/X

APPLICATION INFORMATION

RF performance at Tomp, = 25 °C in a common-emitter test circuit (see Fig.7).

f Vce Ica PL Gp Ne

MODE OF OPERATION (GHz) v) (mA) (mW) (dB) (%)

Pulsed, cl AB, dut | 1:8 1.9 3.6 1 400 24 2580
ulsed, class-AB, duty cycle < 1: : : ¥p. 5 g

Ruggedness in class-AB operation

The BFG11 is capable of withstanding a load mismatch corresponding to VSWR = 8 : 1 through all phases, at rated
output power under pulsed conditions up to a supply voltage of 8 V, f = 1.9 GHz and a duty cycle of 1 : 8.

MLC849

Pulsed, class-AB operation.

Circuit optimized for P = 400 mW.

Py (mW)

Vce=3.6 V; Vge =0.65V; f=1.9 GHz; duty cycle < 1: 8.

8
G p Ne
(dB) e (%)
|
6 80
L a
pd P
/ \
4 / ~ 60
//
2 40
0 20
0 200 400 600 800

Fig.4 Power gain and collector efficiency as
functions of load power; typical values.

MLC850

800
PL

(mW)
600

400

200

100

Pulsed, class-AB operation.
Vce =3.6 V; Vge = 0.65 V; f = 1.9 GHz; duty cycle < 1 : 8.

Circuit optimized for P = 400 mW.

200

Po(mW) >

00

Fig.5 Load power as a function of drive power;
typical values.
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Product specification

NPN 2 GHz RF power transistor

BFG11; BFG11/X

SPICE parameters for the BFG11 crystal

SEQUENCE No. | PARAMETER | VALUE | UNIT SEQUENCE No. | PARAMETER | VALUE | UNIT
1 1S 3.338 |fA 36(1 VJs 750.0 [mV
2 BF 97.14 |- 3701 MJS 0.000 |-

3 NF 0.988 |- 38 FC 0.742 |-

4 VAF 3140 |V Note

5 IKF 51.45 A 1. These parameters have not been extracted, the
6 ISE 23.53 pA default values are shown.

7 NE 2.386 |-

8 BR 13.73 |-

9 NR 0.989 |- Ceb

10 VAR 2.448 |V 1t

11 IKR 1000 |A

12 ISC 5410 |iA o B so L2 o
13 NC 1.224 |- .

14 RB 1740 |Q Che = 5 = Coo

15 IRB 1.000 |pA E Lg
16 RBM 1.740 Q MBC964
17 RE 59.65 |mQ E 3
18 RC 0.124 | Q
19(1) XTB 0.000 |- E
20(M EG 1.110 |eV
21 XTl 3.000 |- QLg = 50; QL = 50; Qg g(f) = Qlg eV(Fo);

22 CJE 9.555 pF f; = scaling frequency = 100 MHz.

23 VJE 0600 |V Fig.6 Package equivalent circuit SOT143.
24 MJE 0.315 |-

25 TF 12.96 ps

26 XTF 2000 |- List of components (see Fig.6)

27 VTF 0866 |V DESIGNATION VALUE UNIT
28 ITF 5940 |A Che 84 fF

29 PTF 0.000 |deg Ceb 17 fF

30 cJC 4274 |pF Cee 191 fF

31 vJC 0.650 |V L1 0.12 nH

32 MJC 0.392 |- L2 0.21 nH

33 XCJC 0.150 |- L3 0.06 nH
3401 TR 0.000 |ns Lg 0.95 nH
3501 CJs 0.000 |[F Le 0.40 nH
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NPN 2 GHz RF power transistor BFG11; BFG11/X

Test circuit information

T 50 Q
output
T i L2 T L4 i L6 C8
c2 0365(34’ Cs6,C7 mLC8ST

Fig.7 Common-emitter test circuit for class-AB operation at 1900 MHz.
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Product specification

NPN 2 GHz RF power transistor

BFG11; BFG11/X

List of components used in test circuit (see Fig.8)

COMPONENT DESCRIPTION VALUE DIMENSIONS | CATALOGUE NO.
C1, C8, C9, C10 | multilayer ceramic chip capacitor; note 1 |24 pF
c2 multilayer ceramic chip capacitor; note 1 | 0.4 pF
C3 multilayer ceramic chip capacitor; note 1 | 0.6 pF
C4,C7 multilayer ceramic chip capacitor; note 1 | 1 pF
Cs5, C6, multilayer ceramic chip capacitor; note 1 | 1.5 pF
C11,C12,C13 multilayer ceramic chip capacitor; note 1 |10 nF
C14,C15 electrolytic capacitor 10 V; 470 uF 2222 031 34471
L1 stripline; note 2 length 4 mm
width 0.93 mm
L2 stripline; note 2 length 26 mm
width 0.93 mm
L3 stripline; note 2 length 1.9 mm
width 0.93 mm
L4 stripline; note 2 length 3.1 mm
width 0.93 mm
L5 stripline; note 2 length 1.8 mm
width 0.93 mm
L6 stripline; note 2 length 26.4 mm
width 0.93 mm
L7 stripline; note 2 length 10 mm
width 0.93 mm
L8 stripline; note 2 length 4.4 mm
width 0.4 mm
L9 stripline; note 2 length 19.3 mm
width 0.93 mm
L10 stripline; note 2 length 19.7 mm
width 0.4 mm
L11 micro choke
T1 BD228
R1 metal film resistor 20Q;04 W 2322 157 10209
R2 metal film resistor 265 Q;04 W 2322 157 12651
Notes

1. American Technical Ceramics (ATC) capacitor, type 100A or other capacitor of the same quality.
2. The striplines are on a '3, inch double copper-clad printed-circuit board with PTFE fibre-glass dielectric (g, = 6).
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NPN 2 GHz RF power transistor BFG11; BFG11/X

| Base Collector
70

+VS

Base L3 L4 L5 C7 Collector L6 Micesz

Dimensions in mm.

The components are situated on one side of the copper-clad PTFE microfibre-glass board, the other side is not etched and
serves as a ground plane. Earth connections from the component side to the ground plane are made by through metallization.

Fig.8 Printed-circuit board and component lay-out for common-emitter test circuit in Fig.7.
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Product specification

NPN 2 GHz power transistor

BFG11W/X

FEATURES
¢ High power gain

High efficiency

Small size discrete power amplifier
1.9 GHz operating area
Gold metallization ensures excellent reliability

Linear and non-linear operation.

APPLICATIONS

e Common emitter class-AB operation in handheld radio
equipment at 1.9 GHz such as DECT, PHS.

o Driver for DCS 1800.

NPN silicon planar epitaxial transistor encapsulated in a
plastic 4-pin dual-emitter SOT343 package.

QUICK REFERENCE DATA

PINNING - SOT343

PIN DESCRIPTION
1 collector
2 emitter
3 base
4 emitter
4 3
1 2
Top view MBK523

Marking code: S4

_Fig.1 Simpilified outline.

RF performance at T < 60 °C in a common-emitter test circuit.

Vce P Gp Ne
MODE OF OPERATION (GH2) V) (mW) (dB) %)
Pulsed, class-AB, 8 < 1:2;t,=5ms 3.6 400 >6 >60
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NPN 2 GHz power transistor BFG11W/X

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vceo collector-base voltage open emitter - 20 \Y

Vceo collector-emitter voltage open base - 8 \

Veso emitter-base voltage open collector - 2.5 \Y

Ic collector current (DC) - 500 mA

Piot total power dissipation up to Tg = 60 °C; note 1 - 760 mwW

Tetg storage temperature -65 +150 °C

T junction temperature - 175 °C

THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT

Rin j-s thermal resistance from junction to soldering point | up to Ts = 60 °C; 150 K/W
Piot = 760 mW; note 1

Note to the Limiting values and Thermal characteristics
1. Tsis the temperature at the soldering point of the collector tab.

MGD411
10°
Zthj-s
(K/W) 5
1
0.75 =
[ /,_—-
1o* 05
033
¥l T
o T
T
0051 2
10 0.02 P tp
0.01 d=—
1
REC
- T
’ L ]
1076 1075 107 1073 1072 107! 1 (s) 1
Fig.2 Transient thermal impedance from junction to soldering point as a function of pulse time; typical values.
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Product specification

NPN 2 GHz power transistor BFG11W/X
CHARACTERISTICS
Tj =25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
Viericeo | collector-base breakdown voltage Ic = 0.1 mA; open emitter 20 - \"
Vsrceo | collector-emitter breakdown voltage | Ic = 10 mA; open base 8 - \)
Verjero | emitter-base breakdown voltage lg = 0.1 mA; open collector 2.5 - \%
lces collector cut-off current Vce=8V; Vge=0 - 100 uA
heg DC current gain Vee=5V;lc=100 mA 25 -
Ce collector capacitance Veg=36V;lg=ig=0;f=1MHz - 5 pF
Cre feedback capacitance Vee=36V;lc=0;f=1MHz - 4 pF
APPLICATION INFORMATION
RF performance at Ts < 60 °C in a common-emitter test circuit.
f Vce lca PL Gp Ne
MODE OF OPERATION (GHz) v) (mA) (mW) (dB) (%)
Pulsed, class-AB, 8 <1:2;t, =5ms 1.9 3.6 1 400 >6 >60

Ruggedness in class-AB operation

The transistors are capable of withstanding a load mismatch corresponding to VSWR = 8 : 1 through all phases, at rated
output power under pulsed conditions atf = 1.9 GHz: t,=1.25ms,6=1:8atVee=7Vandt,=5ms, 8=1:2at

Vee=4.5V.
MGD412 MGDSs52
8 90 0 80
Gp Gp nc dim Y MNe
(dB) (%) (dBc) )
6 ™ — 70 [/
-20 60
e /f, \ //
/ dim /
4 50 _40 — — 40
2 30 -60 20
Tic
4/
[ — 10 0
0 200 400 600 800 80 0 10 20 30
P (mW) Po(av) (dBm)
Vee =3.6 V; Igp = 1 MA; f; = 1990.0 MHz;
fp= 1990.1 MHz; 8= 1: 8; t, = 625 pis.
Vce=38.6V;Vge=0.65V;f=19GHz; §<1:8;tp=1.25ms. . . . . .
Fig.4 Two tone intermodulation distortion
Fig.3 Power gain and efficiency as functions and efficiency as functions of average
of load power; typical values. output power; typical values.
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Product specification

NPN 2 GHz power transistor BFG11W/X
List of components used in test circuit (see Figs 5 and 6)
COMPONENT DESCRIPTION VALUE DIMENSIONS | CATALOGUE NoO.
C1,C8, C9, C10 | multilayer ceramic chip capacitor; note 1 |24 pF
C2,C3 multilayer ceramic chip capacitor; note 1 |2 pF
C4 multilayer ceramic chip capacitor; note 1 | 1.2 pF
C5 multilayer ceramic chip capacitor; note 1 | 0.2 pF
Ce, C7, multilayer ceramic chip capacitor; note 1 | 1.3 pF
C11,C12,C13 multilayer ceramic chip capacitor; note 1 - | 10 nF
C14,C15 electrolytic capacitor 470 uF; 10V 2222 032 14152
L1 stripline; note 2 length 22.5 mm
width 0.9 mm
L2 stripline; note 2 length 6 mm
width 0.9 mm
L3 stripline; note 2 length 1 mm
width 0.9 mm
L4 stripline; note 2 length 2.5 mm
width 0.9 mm
L5 stripline; note 2 length 4.5 mm
width 0.9 mm
L6 stripline; note 2 length 24.5 mm
width 0.9 mm
L7 stripline; note 2 length 20 mm
width 0.9 mm
L8 stripline; note 2 length 10.5 mm
width 0.9 mm
L9 stripline; note 2 length 4.4 mm
width 0.4 mm
L10 stripline; note 2 length 19.7 mm
width 0.4 mm
L11,L12 RF choke 1 uH 4330 030 36301
R1 metal film resistor 78.7 Q; 04 W
R2 metal film resistor 38.3Q;04W
R3 metal film resistor 10Q;04 W
T1 bias transistor BC548; note 3
Notes

1. American Technical Ceramics (ATC) capacitor, type 100A or other capacitor of the same quality.

2. The striplines are on a double copper-clad printed-circuit board with PTFE fibre-glass dielectric €, = 6.15;
tan & = 0.0019; thickness = 0.64 mm; copper cladding = 35 um.

3. Orequivalent (Vgg = 0.65 V at Tomp = 25 °C).
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Product specification

NPN 2 GHz power transistor BFG11W/X
Vbias i +Vg
]
R2 T 4
R
-E——- ;C14 ;015
c13 , ,
lm ; |L12
R3 ci c12
& x
L10 Lo
i_‘l' co ci10 r—i
& »
L7 L8
00 c1 L1 -sz L3 out L4f L5 L6 cs s0a
input o—i A_-' Ib—ooutput
Cs6, C7
; MGD413

Fig.5 Common-emitter test circuit for class-AB operation at 1.9 GHz.
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NPN 2 GHz power transistor BFG11W/X

Base Collector
70

L1 Base L2 L3 L4L5 Collector L6 MGD414

Dimensions in mm.

Fig.6 Component layout for common-emitter test circuit.
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Product specification

NPN 2 GHz power transistor BFG11W/X
12 MGD415 20 MGD416
L
(01)0 — @ Ry
X | ——t 16
/
8
12
6
8
4 T
2 4
XL
0 0
1800 1850 1900 1950 2000 1800 1850 1900 1950 2000
f (MHz) f (MHz)

Ve = 3.6 V; Vge = 0.65 V; P = 400 mW.

Fig.7 Inputimpedance as a function of frequency

(series components), typical values.

Vce =3.6 V; Vge = 0.65 V; P =400 mW.

Fig.8 Loadimpedance as a function of frequency
(series components), typical values.

Z,  MmBa4st

Fig.9 Definition of transistor impedance.

1996 Jun 04

159



Philips Semiconductors

Product specification
]

NPN 2 GHz wideband transistor BFG16A
FEATURES PINNING
* High power gain PIN DESCRIPTION 4
e Good thermal stability 1 emitter
o Gold metallization ensures 2 base

excellent reliability. 3 emitter

4 collector

DESCRIPTION
NPN transistor mounted in a plastic
SOT223 envelope. U1 Uz |__|3
It is primarily intended for use in Top view MSB002 - 1
wideband amplifiers, aerial amplifiers
and vertical amplifiers in high speed
oscilloscopes. Fig.1 SOT223.
QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Veeo collector-base voltage open emitter - - 40 Vv
Vceo collector-emitter voltage open base - - 25 \

Ic DC collector current - - 150 mA
Piot total power dissipation up to T = 110 °C; note 1 - - 1 w
hee DC current gain lc =150 mA; Vce =5 V; T;=25°C |25 80 -
fr transition frequency lc =100 mA; Vee =10 V; - 1.5 - GHz
f=500 MHz; Tamp =25 °C
Gum maximum unilateral power gain |Ic =100 mA; Vge = 10V; - 10 - dB
f=500 MHz; Tgmp =25 °C
Note
1. Tsis the temperature at the soldering point of the collector tab.
LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
Veeo collector-base voltage open emitter - 40 \
Vceo collector-emitter voltage open base - 25 \Y
Veso emitter-base voltage open collector - 2 \Y
le DC collector current - 150 mA
Piot total power dissipation up to Tg = 110 °C; note 1 - 1 W
Tetg storage temperature -65 +150 |°C
T junction temperature - 150 °C

Note

1. Tsis the temperature at the soldering point of the collector tab.
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Product specification

NPN 2 GHz wideband transistor BFG16A
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rinjs thermal resistance from junction | up to Tg = 110 °C; note 1 40 K/W
to soldering point
Note
1. Tsis the temperature at the soldering point of the collector tab.
CHARACTERISTICS
T; = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
V(BRr)ICBO collector-base breakdown open emitter; Ic = 0.1 mA 25 - - \%
voltage
V(BR)CEO collector-emitter breakdown open base; Ic = 10 mA 18 - — \%
voltage
V(BR)EBO emitter-base breakdown voltage | open collector; Iz = 0.1 mA 3 - - \%
lcBo collector cut-off current le=0;Veg=28V - - 20 A
hre DC current gain lc=150 mA; Vcg =5V 25 80 -
Ce collector capacitance le=ig=0;Veg=10V;f=1MHz - 25 - pF
Ce emitter capacitance lc=ic=0;Veg=05V;f=1MHz |- 100 |- pF
Cre feedback capacitance lc=0;Vgg=10V;f=1MHz - 15 - pF
fr transition frequency Ilc=100 mA; Vg =10 V; - 15 - GHz
f =500 MHz; Tamp = 25 °C
Gum maximum unilateral power gain |l =100 mA; Vee =10V, - 10 - dB
note 1 f =500 MHz; Tomp =25 °C
Note .2
1. Gym is the maximum unilateral power gain, assuming s12 is zero. G;,, = 10 log I 21' dB.
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Product specification

NPN 2 GHz wideband transistor BFG16A
MBG198 MBB365
1.2 160
Ptot
w)
1.0 \ heg
\ 120
0.8 \
0.6 80
0 \\
40
02 \\
0 0
0 50 100 150Ts (00)200 0 100 I (mA) 200
Vge = 10V; T = 25 °C.
Fig.3 DC current gain as function of
Fig.2 Power derating curve. collector current.
5 MBB363 2 MBB364
Cre fr
(PF) (GHz) —\\
4 H 1.6 A
\ // \\
L\ 2 // \\
N
AN 0.8
2 N -
I~
= —
1 0.4
0 0
0 4 8 12 16 20 0 40 80 120 160
Ves (V) Ic (mA)

Ic =ic=0;f=1MHz.

Fig.4 Feedback capacitance as function of
collector-base voltage.

Ve = 10 V; f = 500 MHZ; Tamp = 25 °C.

Fig.5 Transition frequency as a function of
collector current.
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NPN 2 GHz wideband transistor BFG16A

Ic =70 mA; Veg = 15 V; Z, =50 Q.

Fig.6 Common emitter input reflection coefficient (S11).

1500 30°

1200 60°
900 MBB367

Ilc =70mA; Vge = 15 V.

Fig.7 Common emitter forward transmission coefficient (So4).
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Product specification

NPN 2 GHz wideband transistor

BFG16A

Ilc = 70 mA; Vgg = 15 V.

90°

1200 60°
1509, 30°
3 GHz
/ L ®

05 04 03 02 041 00
40 MHz
e
el

180°

1500
1200

60°
0! o MBB368

Fig.8 Common emitter reverse transmission coefficient (S2).

MBB369

Ic = 70 mA; Vo = 15 V; Z, = 50 Q.

Fig.9 Common emitter output transmission coefficient (Szy).
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NPN 3 GHz wideband transistor BFG17A
DESCRIPTION PINNING
NPN wideband transistor in a PIN | DESCRIPTION
microminiature plastic SOT143 ; 4 3
surface mounting envelope with Code: E6 E EL
double emitter bonding. 1 collector
It is intended for use in wideband 2 bas.e
aerial amplifiers using SMD 3 emitter " —2
technology. 4 emitter )
Top view MSBO14

Fig.1 SOT143.
QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Veso collector-base voltage open emitter - - 25 \%
Vceo collector-emitter voltage open base - - 15 \

Ic DC collector current - - 50 mA
Piot total power dissipation up to Tg = 85 °C; note 1 - - 300 mwW
hee DC current gain lc=25mA;Vceg =1V, 20 - 150
Tamb =25 °C
fr transition frequency Ic=25mA;Vce=5V, - 2.8 - GHz
f =500 MHz; Tymp = 25 °C
Cre feedback capacitance lc=0;Vee=5V;f=1MHz - 0.4 - pF
Gum maximum unilateral power gain |lc=15mA; Vge=10V,; - 15 - dB
f =800 MHz; Tymp =25 °C
F noise figure Ilc=2mA; Vcg=5V; f=800 MHz; 25 - dB
Tamb =25 °C; Zg = 60 Q; bs = opt.
LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
Veeso collector-base voltage open emitter - 25 \Y
Vceo collector-emitter voltage open base - 15 \%
VeBO emitter-base voltage open collector - 2.5 \Y
Ic DC collector current - 50 mA
Piot total power dissipation up to Tg = 85 °C; note 1 - 300 mwW
Tstg storage temperature -65 +150 |°C
Tj junction temperature - 175 °C

Note

1. Tsis the temperature at the soldering point of the collector tab.
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NPN 3 GHz wideband transistor BFG17A
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rih j-s thermal resistance from junction | up to T = 85 °C; note 1 290 Kw
to soldering point

Note
1. T is the temperature at the soldering point of the collector tab.

CHARACTERISTICS
T; = 25 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
lcso collector cut-off current le=0;Vcg=10V - - 50 nA
heg DC current gain Ic=25mA;Vee=1V; 20 75 150

Tamb =25 °C
fr transition frequency lc=25mA; Vce=5V,; - 2.8 - GHz
f =500 MHz; Tymp =25 °C
Cc collector capacitance le=0;Veg=10V; f=1MHz; - 0.7 - pF
Tamb =25°C
Ce emitter capacitance lc=0;Veg=0.5V;f=1MHz - 125 |- pF
Cre feedback capacitance lc=0;Vce=5V;f=1MHz - 0.4 - pF
Gum maximum unilateral power gain |lc =15 mA; Vce=10V; - 15 - dB
(note 1) f =800 MHz; Tymp =25 °C
F noise figure lc=2mA; Vce=5V; =800 MHz; |- 25 - dB
Tamp = 25 °C; Zg = 60 Q; bs = opt.
Vo output voltage note 2 - 150 - mV
Notes .. |2
1. Gym is the maximum unilateral power gain, assuming S, is zero and G;,, = 10 log | al dB..

(1=]8412) (1-[855%

2. dim =-60 dB (DIN 45004B, para. 6,3: 3-tone); Ic =14 mA; Vce =10 V; Z; =75 Q.
Vp = Vo, fp = 795.25 MHz;
Vq = Vo -6 dB; fq = 803.25 MHz;
Vi =V, 6 dB; f; = 805.25 MHz;
measured at fp.q-r) = 793.25 MHz.
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NPN 3 GHz wideband transistor BFG17A

1.5nF
1.5nF = +Vee

1nF
I 75 Q
| 270Q output

3.3pF

18 Q== 0.68 pF
l A ]): MBB251

(1) L1 =13 =5 pH Ferroxcube choke.
(2) L2 = 3turns 0.4 mm copper wire, internal diameter 3 mm, winding pitch 1 mm.

Fig.2 Intermodulation distortion and second order intermodulation distortion MATYV test circuit.

MBB374 MBB370
120 1.2
Cc
hre
(PF) \
80 08 \\
\
40 0.4
0 0
0 10 20 30 0 4 8 12 16
Ic (mA) Vos V)
Vee = 1V; Tamb = 25 °C. Ig = 0; f = 1 MHZ; Tams = 25 °C
Fig.3 DC currentgain as function of collector Fig.4 Collector capacitance as a function of
current. collector-base voltage.
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MBB373 MBB371
4 40
Gum
(dB)
f
(GHTz) 30 N
] < \\
3 // ™ 20 \\
// AN
N
/ N 1o AN
1 Al \
2 0
0 10 20 o 102 103 f MHz)  10°

Vce = 5 V; f = 500 MHz; Tamp = 25 °C.

Fig.5 Transition frequency as a function of
collector current.

Ic = 15 mA; Vcg = 10 V; Tamp = 25 °C.

Fig.6 Maximum unilateral power gain as a
function of frequency.

MBB372

5
F
(d8) +
4
L1
/,
3 7
2
1
0
0 4 8 12 16 20
Ig (mA)

Vce = 5 V; f = 800 MHZ; Tamp = 25 °C; Zs = 60 Q; bs = opt.

Fig.7 Minimum noise figure as a function of
collector current.
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BFG17A

MBB375
Ic = 15 MA; Vg = 10 V;Tamp = 25 °C; Z, = 50 Q.

Fig.8 Common emitter input reflection coefficient (S11).

2000 MHz

1500 300

120° 60°
90 (o] MBB378

Ic = 15 MA; Vg = 10 V:iTamp = 25 °C.

Fig.9 Common emitter forward transmission coefficient (S»1).
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NPN 3 GHz wideband transistor

BFG17A

MBB376

Ic = 15 MA; Vcg = 10 V;Tamp = 25 °C.

Fig.10 Common emitter reverse transmission coefficient (Sy2).

2000 MHz

1500 30°

120° 60°
90 (o] MBB377

Ic = 15 MA; Ve = 10 V;Tamp = 25 °C; Zo = 50 Q.

Fig.11 Common emitter output reflection coefficient (Sz2).
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UHF power transistor BFG21W
|
FEATURES PINNING
e High power gain PIN DESCRIPTION
« High efficiency 1,3 emitter
e 1.9 GHz operating area 2 base
e Linear and non-linear operation. 4 collector

APPLICATIONS

e Common emitter class-AB output stage in hand held
radio equipment at 1.9 GHz such as DECT, PHS, etc.

e Driver for DCS1800, 1900.

3 4

DESCRIPTION ) ]

NPN double polysilicon bipolar power transistor with
buried layer for low voltage medium power applications
encapsulated in a plastic, 4-pin dual-emitter SOT343R
package.

Top view MSB842

Marking code: P1.

Fig.1 Simplified outline SOT343R.

QUICK REFERENCE DATA
RF performance at T¢ < 60 °C in a common emitter test circuit.

f Vce Py Gp Nc
MODE OF OPERATION (GHz2) v (mW) (dB) %)
Pulsed class-AB; 8 <1:2;t;=5ms 1.9 3.6 400 >10 >55
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UHF power transistor BFG21W
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veso collector-base voltage open emitter - 15.5 \Y
Vceo collector-emitter voltage open base - 4.5 \Y
VEBO emitter-base voltage open collector - 1 \'
Ic collector current (DC) - 500 mA
Piot total power dissipation Ts <60 °C; note 1 - 600 mwW
Tstg storage temperature -65 +150 °C
T; operating junction temperature - 150 °C
Note
1. Tsis the temperature at the soldering point of the emitter pins.
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-s thermal resistance from junction to Ts <60 °C; Pyt = 600 mW; note 1 150 K/W
soldering point
Note
1. Tsis the temperature at the soldering point of the emitter pins.
108 MGM219
Rih
(KwW)
8=
\11 —
102 075
£0.5
LIl
vy ===
0.2 g T
i =]
| == g
10 e P 5-2
002
1 ]
0 -t t
l—T
1 [
1076 1075 1074 1073 102 1071 1

At temperature stabilization solder point has been reached.

Fig.2 Transient thermal resistance as a function of pulse time; typical values.

tp (s)
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CHARACTERISTICS
T; = 25°C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vericso | collector-base breakdown voltage open emitter; Ic = 0.1 mA 15.5 - \
Vsriceo | collector-emitter breakdown voltage |open base; Ic = 10 mA 45 - \Y
Ver)cer | collector-emitter breakdown voltage | Rge < 1kQ, Ic = 10 mA 10 - \'%
VsriEBo | €mitter-base breakdown voltage open collector; Ig = 0.1 mA 1 - \
lces collector leakage current Vee=5V;Vge=0 - 10 UA
hee DC current gain lc =200 mA; Ve =2V 40 100
Ce collector capacitance le=ie=0;Veg=3V;f=1MHz - 3 pF
Cre feedback capacitance lc=0;Vgg=36V;f=1MHz - 1.5 pF
fr transition frequency lc =200 mA; Vcg =3.6 V; 18 - GHz
f =700 MHz
APPLICATION INFORMATION
RF performance at Ts < 60 °C in a common emitter test circuit (see Figs 4 and 5).
f Vce Ica P Gp Nc
MODE OF OPERATION (GHz) V) (mA) (mW) (dB) (%)
Pulsed; class-AB; 6 <1:2;t,=5ms 1.9 3.6 1 400 210 >55
Ruggedness in class-AB operation
The transistor is capable of withstanding a load mismatch
corresponding to VSWR = 6 : 1 through all phases at rated 18 Mamzz0
output power under pulsed conditions: § = 1: 2;t, =5 ms;
f=1.9GHzatVge =45 V. Cp ne
i (dB) Gp (%)
12 o 60
e \
8 ,Z 40
/"
4 A 20
L
0 0
5 10 15 20 25 30
PL (dBm)
Pulsed, class-AB operation; § < 1;2; t, =5 ms.
f=1.9 GHz; Vcg = 3.6 V; Icq = 1 mA; tuned at P = 400 mW.
Fig.3 Power gain and collector efficiency as a
function of the load power; typical values.
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C5
| RF output
c1 50 Q
RF input
50 Q

MGM221

Fig.4 Common emitter test circuit for class-AB operation at 1.9 GHz.

List of components used in test circuit (see Figs 4 and 5)

COMPONENT DESCRIPTION VALUE DIMENSIONS | CATALOGUE No.
C1,C5 multilayer ceramic chip capacitor; note 1 |24 pF

Cc2 multilayer ceramic chip capacitor; note 1 | 3.3 pF

C3, C6 multilayer ceramic chip capacitor, note 1 | 15 pF

C4 multilayer ceramic chip capacitor; note 1 | 2.4 pF

Cc7 multilayer ceramic chip capacitor; note 1 |1 nF

L1, L4 stripline; note 2 100 Q 18 x 0.2 mm

L2 stripline; note 2 50 Q 3.2x0.8 mm

L3 stripline; note 2 50 Q 4.6 x 0.8 mm

L5 Grade 4S2 Ferroxcube chip bead 4330 030 36300
R1 metal film resistor 220Q;04 W

R2, R3 metal film resistor 10Q; 04 W

TR1 NPN transistor BC817 9335 895 20215
Notes

1. American Technical Ceramics type 100A or capacitor of same quality.

2. The striplines are on a double copper-clad printed-circuit board with PTFE fibre-glass dielectric (g, = 6.15,
tan & = 0.0019); thickness 0.64 mm, copper cladding = 35 um.
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45

MGM222

Dimensions in mm.

The components are situated on one side of the copper-clad PTFE fibre-glass board, the other side is unetched and serves as a ground plane.
Earth connections from the component side to the ground plane are made by through metallization.

Fig.5 Printed-circuit board and component lay-out for 1.9 GHz class-AB test circuit in Fig.4.
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MGM223 MGM224
10 2 16
Z; L
@ AL
Q) f 12
8
8
6
Xj | 4
) [
0
XL
2 -4
0 -8
1.8 1.85 1.9 1.95 f(GHz) 2.0 1.8 1.85 1.9 1.95 f(GHz) 2.0

Vce =3.6 V; Icqg =1mA; P_=400 mW, Ts <60 °C.

Fig.6 Input impedance as function of frequency
(series components); typical values.

Ve =3.6 V; lcq = 1 mA; P = 400 mW; T < 60 °C.

Fig.7 Load impedance as a function of frequency
(series components); typical values.
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NPN 5 GHz wideband transistor BFG25A/X
FEATURES DESCRIPTION
e L ow current consumption NPN silicon wideband transistor in a
(100 pA to 1 mA) four-lead dual emitter SOT143B 4_]:1 FLa
« Low noise figure plastic package (cross emitter).
¢ Gold metallization ensures
excellent reliability. PINNING ; ]
2
PIN DESCRIPTION Top view o
APPLICATIONS 1 collector
* RF low power amplifiers, such as 2 | emitter
pocket telephones, paging
. . 3 base
systems, with signal frequencies 2 - Marking code: V11.
up to 2 GHz. emitier
plostiz Fig.1 SOT143B.
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. | UNIT
Veso collector-base voltage - - 8 \%
Vceo collector-emitter voltage - - 5 \%
Ic collector current (DC) - - 6.5 mA
Piot total power dissipation Ts<165°C - - 32 mwW
hrge DC current gain lc=05mA;Vcg=1V 50 80 200
fr transition frequency lc=1mA;Vge=1V; 3.5 5 - GHz
f =500 MHz; Tymp = 25 °C
Gum maximum unilateral power gain |lc =0.5mA; Vce=1V, - 18 - dB
f=1GHz Tamp=25°C
F noise figure lc=05mA;Vee=1YV; - 1.8 - dB
f=1GHz; T = Topt; Tamb =25 °C
lc=1mA;Vce=1V;f=1GHz, |- 2 - dB
I'= I‘opt; Tamb =25°C
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LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veso collector-base voltage open emitter - 8 \")
Vceo collector-emitter voltage open base - 5 \")
VeBo emitter-base voltage open collector - 2 \
Ic collector current (DC) - 6.5 mA
Piot total power dissipation Ts <165 °C; note 1 - 32 mwW
Tstg storage temperature -65 150 °C
T junction temperature - 175 °C
Note
1. T is the temperature at the soldering point of the collector pin.
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rih j-s thermal resistance from junction to soldering point | note 1 320 KW
Note
1. Tsis the temperature at the soldering point of the collector pin.
CHARACTERISTICS
T; = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
IcBo collector leakage current le=0;Veg=5V - - 50 HA
heg DC current gain lc=0.5mA;Vcg=1V 50 80 200
Cre feedback capacitance Ic=ic=0;Veg=1V;f=1MHz - 0.21 0.3 pF
fr transition frequency lc=1mA;Vcg=1V; 3.5 5 - GHz
Tamp = 25 °C; f = 500 MHz
Gum maximum unilateral power gain |lc =0.5mA; Vce=1V; - 18 - dB
(note 1) f=1GHz Tamp =25 °C
F noise figure Ilc=05mA; Vce =1V, f=1GHz - 1.8 - dB
I'=Topt; Tamp =25 °C
Ic=1mA;Vge=1V;f=1GHz - 2 - dB
I = Topt; Tamp =25 °C
Note 2
S
|2 dB

1. Gywm is the maximum unilateral power gain, assuming S1» is zero and Gyy = 10 Iog(
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NPN 5 GHz wideband transistor BFG25A/X
40 MRC038 - 1 100 MCD138
Ptot hre
(W) 80
30 N~
60
20
40
10
20
] 0
0 50 100 150 200 1073 1072 107! 1 10
Ts(°C) Ic (mA)
Veg=1V.
Fig.3 DC current gain as a function of collector
Fig.2 Power derating curve. current; typical values.
0.3 MCD139 6 MCD140
Cre fr ,/ —
(PF) (GHz) —
\
0.2 4 /
0.1 2 //
0 0 s
0 1 2 4
° 2 Vog V) I (mA)

lo=ic=0;f=1MHz

Fig.4 Feedback capacitance as a function of
collector-base voltage; typical values.

Vee =1V; =500 MHz; Tamp = 25 °C.

Fig.5 Transition frequency as a function of
collector current; typical values.

1997 Oct 29

179




Philips Semiconductors

Product specification

NPN 5 GHz wideband transistor BFG25A/X
30 MCD141 20 MCD142
. T G gain P
gain R———— (dB) 4 \\GJM
(dB) T~ .5 ~—
20 I
L—" // MSG
MSG 10 L
e
A
10
/ s
0 0
0 0.5 1.0 1.5 20 25 0 0.5 1.0 1.5 2.0 25
Ic (mA) Ic (mA)

Vee = 1V; f=500 MHz.
GUM = maximum unilateral power gain;
MSG = maximum stable gain.

Fig.6 Gain as a function of collector current;
typical values.

Vee=1V;f=1GHz.

GUM = maximum unilateral power gain;
MSG = maximum stable gain.

Fig.7 Gain as a function of collector current;
typical values.

MCDi143

50
gain
(dB)

40 Sy

."QJM
N
30 N
\\
T \
20
MSG\ AN A\
N \
10 \\
0
10 102 108 o*
f (MHz)

lc=0.5mA; Veg=1V.
GUM = maximum unilateral power gain;
MSG = maximum stable gain.

Fig.8 Gain as afunction of frequency;
typical values.

MCDi44
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gain
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\
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N
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mse NN
M \
1 N
0 ‘\
0
10 102 103
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lc=1mA; Vgg=1V.
GUM = maximum unilateral power gain;
MSG = maximum stable gain.

Fig.9 Gain as afunction of frequency;
typical values.
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NPN 5 GHz wideband transistor BFG25A/X
MCD145 MCD146
4 4
F F

(dB) (dB)

3 4 f=12(I5Hz 3 /lc=2mA
) 1GHz ,/’/
U P / 500 MHz 1 niA
2 =] 2 -
D - 0.5 mA
___———::/’ LT
1 1
0 0
~1 2 4
10 1 I (mA) 10 10 103 f (MHz) 10
Vee=1V. Veg=1V.
Fig.10 Minimum noise figure as a function of Fig.11 Minimum noise figure as a function of
collector current; typical values. frequency; typical values.

stability
circle

1 MCD147

Ic =1 mA; Vee = 1 V; f = 500 MHz; Zp = 50 Q; Maximum stable gain = 15.6 dB; Frj, = 1.9 dB; Topy = 0.85, 5° Ry/50 = 2.4.

Fig.12 Common emitter noise figure circles; typical values.
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stability
circle

oPT
Fmin=2dB

N
¥ ‘v L, 2
! ,V,._:;’.;}” ’/
= -
o

‘,
N\

P
A\

1 MCD148

Ic=1mA; Vcg =1V, f= 1000 MHz; Zo = 50 Q; Maximum stable gain = 12.4 dB; Fmyn = 2 dB; Topt = 0.78, 14°; R,/50 = 2.6.

Fig.13 Common emitter noise figure circles; typical values.

1 stability
circle

1 MCD149

Ic =1 mA; Vg = 1V; f = 2000 MHz; Zo = 50 ©; Maximum stable gain = 8.9 dB; Frin = 2.4 dB; Topy = 0.72, 38% Ry/50 = 1.9.

Fig.14 Common emitter noise figure circles; typical values.
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BFG25A/X

lc=1mA;Vee=1V; Z,=50 Q.

Fig.15 Common emitter input reflection coefficient (S11); typical values.

1 MCD150

lc=1mA; Vge=1V.

1359 459
A
3 G|-{z
o ! o
180 40 MHz 1’ 2' :'3 “1 l5 0
— 1350 -45°
—-900 MCD151

Fig.16 Common emitter forward transmission coefficient (Sz4); typical values.
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NPN 5 GHz wideband transistor BFG25A/X

90°

1359 45°

3 GHz

180° 05 04 03 02 01

0°
4

-135°

_g900
lc=1mA; Veg=1V. 90 MCD153

Fig.17 Common emitter reverse transmission coefficient (S12); typical values.

1 McD152

lc=1mA;Vee=1V;Z,=50 Q.

Fig.18 Common emitter output reflection coefficient (Sao); typical values.
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BFG25AW
BFG25AW/X; BFG25AW/XR

NPN 5 GHz wideband transistor

FEATURES MARKING
¢ Low current consumption TYPE NUMBER CODE
(100 pAto T mA) BFG25AW NG ==t
e Low noise f!gur'e BFG25AW/X Vi
* Gold metalhlzatl.c?n ensures BFG25AW/XR V3
excellent reliability.
PINNING ! 2
APPLICATIONS )
Top view MBK523
They are intended for wideband PIN DESCRIPTION
applications in UHF low power BFG25AW (see Fig.1)
amplifiers, such as pocket I
telephones, paging systems. 1 collector Fig.1 SOT343.
2 base
DESCRIPTION 8 |emitter
» 4 emitter
NPN silicon planar epitaxial -
transistors in plastic, 4-pin BFG25AW/X (see Fig.1)
dual-emitter SOT343 and SOT343R 1 collector S !
packages. 2 emitter
3 base
4 emitter ;B—EE["1
BFG25AW/XR (see Fig.2) Topview  wmssgsz
1 collector
2 emitter
3 base
y ——— Fig.2 SOT343R.
“+ cinue
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Veeo collector-base voltage open emitter - - 8 \"
Vceo collector-emitter voltage | open base - - 5 \
Ic collector current (DC) - - 6.5 |mA
Piot total power dissipation upto Tg=85°C - - 500 |mwW
heg DC current gain Ilc=05mA;Vce=1V 50 80 200
Cre feedback capacitance lc=0;Vce=1V;f=1MHz - 0.2 |03 |pF
fr transition frequency lc=1mA;Vge=1V; =500 MHz; T,mp=25°C |35 |5 - GHz
Gum maximum unilateral Ic=05mA;Vce=1V;f=1GHz; Tgnp=25°C |- 16 - dB
power gain
F noise figure Ts=Topt; lc=1mA; Vee=1V; f=1GHz - 2 - dB
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NPN 5 GHz wideband transistor

BFG25AW
BFG25AW/X; BFG25AW/XR

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vceo collector-base voltage open emitter - 8 \
Vceo collector-emitter voltage open base - 5 Vv
Veso emitter-base voltage open collector - 2 Vv
Ic collector current (DC) - 6.5 mA
Ptot total power dissipation up to T = 85 °C; see Fig.3; note 1 - 500 mwW
Tstg storage temperature -65 +150 °C
T; junction temperature - 175 °C
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rithj-s thermal resistance from junction to soldering point | up to T = 85 °C; note 1 180 K/W

Note to the “Limiting values” and “Thermal characteristics”
1. Tsis the temperature at the soldering point of the collector pin.

MBG248

600

Ptot

(mW)

400

200

50 100 150 200
Ts (°C)

Fig.3 Power derating curve.
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NPN 5 GHz wideband transistor

BFG25AW
BFG25AW/X; BFG25AW/XR

CHARACTERISTICS
T; =25 °C (unless otherwise specified).
SYMBOL PARAMETER CONDITIONS MIN. [ TYP. | MAX. | UNIT
VisricBo | collector-base breakdown open emitter; Ic = 100 pA; lg =0 - - 8 \Y%
voltage
Visriceo | collector-emitter breakdown open base; Ic=1mA;lg=0 - - 5 \
voltage
ViBriEBO | emitter-base breakdown open collector; Il =100 pA; Ic=0 |- - 2 \'
voltage
lceo collector cut-off current open emitter; Vog=5V; lg=0 - - 50 nA
heg DC current gain lc=05mA; Vee=1V 50 80 200
Cre feedback capacitance lc=0;Vee=1V;f=1MHz - 0.2 0.3 pF
fr transition frequency lc=1mA; Vce=1V; f=1GHz 3.5 5 - GHz
Tamb =25 °C
Gum maximum uniiaierai power ic=05mA; Vge=1V;i=1GHz;, |- i6 - dB
gain; note 1 Tamp=25°C
lc=05mA; Vge=1V;f=2GHz; |- 8 - dB
Tamb =25 °C
F noise figure Ts=Topt; lc =0.5mMA; Ve =1V, - 1.9 - dB
f=1GHz
Ts=Topt; lc=1mMA; Vce =1V, - 2 daB
f=1GHz
Note IS ]2
1. Gum is the maximum unilateral power gain, assuming sy is zero. G;,, = 10 log 21 dB.
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NPN 5 GHz wideband transistor

BFG25AW
BFG25AW/X; BFG25AW/XR

100 MCD138
hee
80
N
60
40
20
0
1073 1072 107! 1 10
Ig (MA)
Vee=1V.

Fig.4 DC current gain as a function of collector
current; typical values.

MLB971

0.3

Cre
(pF)

0.2

0.1

Vce V)

lc=0;f=1MHz.

Fig.5 Feedback capacitance as a function of
collector-base voltage; typical values.

MLB972

(GHz)

~ ‘\\

3 1g(may 4

f=500MHz; Vcg =1 V; Tamp =25 °C.

Fig.6 Transition frequency as a function of
collector current; typical values.
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NPN 5 GHz wideband transistor

BFG25AW
BFG25AW/X; BFG25AW/XR

MLB973

30
gain . P
(dB)

~——
20 \ Gum
| — MSG
10 //
0 -~ - =
0 1
I (mA)

f=500 MHz; Vg =1 V.

Fig.7 Gain as a function of collector current;
typical values.
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f=1GHz; Veg=1V.

Fig.8 Gain as a function of collector current;
typical values.
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Fig.9 Gain as a function of frequency;
typical values.

MLB976

50
gain
(dB)
40 G -
um Th-.*\
\\
30 N
I MSG \L
~.\ h
20 Y
\\ N\
\\~~
N
10 AV
0
10 102 10°
f (MHz)

lc=1mA;Vge=1V.

Fig.10 Gain as a function of frequency;
typical values.
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Fig.11 Minimum noise figure as a function
of collector current; typical values.
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Fig.12 Minimum noise figure as a function of
frequency; typical values.

August 1995

190




Philips Semiconductors Product specification

BFG25AW
BFG25AW/X; BFG25AW/XR

NPN 5 GHz wideband transistor

1038
+ 0.6
T 04

T02
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f=500MHz; Vce =1 V; lc=1mA; Z, =50 Q.

Fig.13 Common emitter noise figure circles; typical values.
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Fig.14 Common emitter noise figure circles; typical values.

August 1995 191



Philips Semiconductors Product specification

BFG25AW
BFG25AW/X; BFG25AW/XR

NPN 5 GHz wideband transistor
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Fig.15 Common emitter noise figure circles; typical values.
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Fig.16 Common emitter input reflection coefficient (s44); typical values.
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Fig.17 Common emitter forward transmission coefficient (s,1); typical values.
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Vee=1V;lc=1mA.

Fig.18 Common emitter reverse transmission coefficient (s12); typical values.
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Fig.19 Common emitter output reflection coefficient (sp2); typical values.
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SPICE parameters for the BFG25W crystal

SEQUENCE No. | PARAMETER | VALUE | UNIT SEQUENCE No. | PARAMETER | VALUE | UNIT
1 1S 13.77 aA 361 VJS 750.0 mV
2 BF 85.65 - 37() MJS 0.000 -

3 NF 0.980 - 38 FC 0.988 -
4 VAF 50.80 |V Note

5 IKF 1000 |A 1. These parameters have not been extracted, the
6 ISE 2.199 |fA default values are shown.

7 NE 1.857 -

8 BR 16.97 -

9 NR 0.986 |- Ceb

10 VAR 2491 |V it

1 IKR 188.0 |mA p Lg Lo

12 ISC 205.1 aA B o~ -0 B go——"""ocC
13 NC 1.107 - E

14 RB 80.00 |Q Coe T Cee

15 IRB 1.000 |pA e

16 RBM 80.00 |Q Macast
17 RE 7.911 Q E L3

18 RC 5.300 Q

19(1) XTB 0.000 |- F

20 EG 1.110 |eV Qlg = 50; QL = 50; QLg (f) = Qg eV(f/fo);

211 XTI 3.000 _ fc = scaling frequency = 1 GHz.

22 CJE 223.0 |fF ) _ o

23 VJE 669.7 mv Fig.20 gggll_(:fse I:::-.quwalent circuit SOT343;
24 MJE 0.060 |-

25 TF 5.112 ps

26 XTF 7900 |- List of components (see Fig.20)

27 VTF 1338 |V DESIGNATION VALUE UNIT
28 ITF 5.662 mA Che 70 fF

29 PTF 15.37 |deg Ceb 50 fF

30 cJc 229.0 |fF Cee 115 fF

31 vJC 394.7 mV L1 0.34 nH

32 MJC 0.043 - L2 0.10 nH

33 XCJC 0.050 - L3 0.25 nH

34 TR 13.26 ns Lg 0.40 nH

35 (1) CJs 0.000 F Le 0.40 nH
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FEATURES PINNING
¢ High output voltage capability PIN DESCRIPTION
« High gain bandwidth product ] emitter 4
¢ Good thermal stability 2 base
¢ Gold metallization ensures 3 emitter

excellent reliability. 4 collector
DESCRIPTION
PNP planar epitaxial transistor
mounted in a plastic SOT223 1 2 3
envelope.

Top view MSBoo2 - 1

It is intended for wideband amplifier
applications. Fig.1 SOT223.
NPN complement is the BFG97.
QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. | UNIT
Vceo collector-emitter voltage open base - - -15 \%

Ic DC collector current - - -100 mA
Piot total power dissipation up to Tg = 135 °C ; note 1 - - 1 W
hee DC current gain lc=-70mA; Ve =-10V; 25 - -
Tamp=25°C
fr transition frequency lc=-70 mA; Vce=-10V; - 5.0 — GHz
f =500 MHz; Tamp =25 °C
Gum maximum unilateral power |lc=-70 mA; Vcg=-10V; - 12 - dB
gain f =800 MHz; Tamp =25 °C
Vo output voltage lc=-100 mA; Vcg =-10 V; - 600 - mV
RL.=75Q; Tamp=25°C
LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. | UNIT
Veso collector-base voltage open emitter - -20 \'
Vceo collector-emitter voltage open base - -15 \
VEBO emitter-base voltage open coliector - -3 \Y
Ic DC collector current - -100 mA
Piot total power dissipation up to Tg = 135 °C; note 1 - 1 w
Tstg storage temperature —65 150 °C
T; junction temperature - 175 °C

Note

1. Tsis the temperature at the soldering point of the collector tab.
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THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS THERMAL RESISTANCE
Rinj-s thermal resistance from junction to up to Ts = 135 °C; note 1 40 KW
soldering po<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>