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QUALITY ASSURED

Our quality system focuses cn the continuing high quality of our
components andthe 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.
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RF Wideband Transistors Index

ALPHANUMERIC INDEX
Types added to the range since the last issue of Handbook SC14 (1993 issue) are shown in bold print.

TYPE NUMBER PAGE TYPE NUMBER PAGE TYPE NUMBER PAGE
BF547 168 BFG93A 327 BFG590W 477
BF547W 177 BFG93A/X 327 BFG590W/X 477
BF689K 183 BFG93A/XR 327 BFGS590W/XR 477
BF747 185 BFG93AW 335 BFG591 484
BF763 194 BFGY3AW/X 335 BFM505 492
BFC505 196 BFG93AW/XR 335 BFM520 498
BFC520 202 BFG94 345 BFM540 504
BFC540 208 BFG97 355 BFP91A 510
BFES505 214 BFG135 366 BFP96 516
BFE520 218 BFG197 377 BFQ17 522
BFE540 222 BFG197/X 377 BFQ18A 525
BFG10 226 BFG197/XR 377 BFQ19 528
BFG10X 226 BFG197W 386 BFQ22S 531
BFG10W/X 232 BFG197W/X 386 BFQ24 535
BFG11 238 BFG197W/XR 386 BFQ34 538
BFG11/X 238 BFG198 396 BFQ52 545
BFG11W/X 245 BFG505 405 BFQ53 548
BFG16A 248 BFG505/X 405 BFQ63 551
BFG17A 253 BFG505/XR 405 BFQ66 555
BFG25A/X 259 BFG505W 414 BFQ67 561
BFG25AW 267 BFG505W/X 414 BFQ67W 568
BFG25AW/X 267 BFG505W/XR 414 BFQ68 575
BFG25AW/XR 267 BFG520 423 BFQ135 582
BFG31 277 BFG520/X 423 BFQ136 587
BFG35 281 BFG520/XR 423 BFQ149 593
BFG67 290 BFG520W 432 BFQ270 596
BFG67/X 290 BFG520W/X 432 BFQ540 605
BFG67R 290 BFG520W/XR 432 BFQ621 609
BFG67/XR 290 BFG540 442 BFR53 616
BFG67W 299 BFG540/X 442 BFR92 622
BFG67W/X 299 BFG540/XR 442 BFR92A 629
BFG67W/WR 299 BFG540W 451 BFR92AW 637
BFG92A 309 BFG540W/X 451 BFR93 646
BFG92A/X 309 BFG540W/XR 451 BFR93A 653
BFG92A/XR 309 BFG541 461 BFR93AW 661
BFG92AW 317 BFG590 470 BFR94A 670
BFG92AW/X 317 BFG590/X 470 BFR95 676
BFG92AW/XR 317 BFG590/XR 470 BFR106 679
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Index

RF Wideband Transistors
TYPE NUMBER PAGE
BFR505 684
BFR520 693
BFR540 702
BFS17 71
BFS17A 714
BFS17W 718
BFS25A 721
BFS505 729
BFS520 738
BFS540 746
BFT25 754
BFT25A 759
BFT92 767
BFT92wW 772
BFT93 780
BFT93W 785
BFW16A 793
BFW30 797
BFY90 800
MPSH10 805
PMBT3640 809
PMBTH10 811
PMBTHS81 815
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Philips Semiconductors

RF Wideband Transistors

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

Selection guide

PACKAGE
fT(g ‘I;; ?:%R:;E PLASTIC, LEADED SURFACE-MOUNT
TO-92 SOT23 SOT89 SOT143 SOT223 SOT323
) BFT25
: BF747
@) BF547 BF547W
BF689K
®3) BF763 BFS17 BFS17W
(4) BFS17A BFG17A
(5) BFR53
(6) BFQ17 BFG16A
SECOND GENERATION WIDEBAND TRANSISTORS (fr up to 6 GHz)
PACKAGE
fT(g :,fa %JR:;E POLARITY CERAMIC SURFACE-MOUNT
9 SOT122| SOT173 | SOT23 | SOT89 | SOT143 [ SOT223 | SOT323 | SOT343
(note 1) (note 2) (note 2)
NPN BFR92(A) BFG92A BFR92AW | BFG92AW
(7 (IX)(/XR) (/X)(/XR)
PNP BFT92 BFT92W
) NPN BFP91A |BFR93(A) BFG93A [BFG94 |BFR93AW | BFG93AW
(X)(/XR) (X)(’XR)
9) PNP BFT93 BFT93W
(10) NPN BFP96 |[BFR106 |BFQ19 BFG97
PNP BFQ149 BFG31
(11) NPN BFQ18A BFG35
(1) NPN BFQ34
(12) NPN BFQ68
(13) NPN BFQ136
Notes

1. Short-lead version (SOT173X) also available.

2. 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: available only with USA pinning).

1995 Sep 20
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RF Wideband Transistors Selection guide

THIRD GENERATION NPN WIDEBAND TRANSISTORS (fr up to 12 GHz)

PACKAGE
fr/1c CURVE CERAMIC SURFACE-MOUNT
(see Fig.1) SOT172 SOT173 sOT23 | soT143 | soT223 | sor323 | soT3a3
(note 1) (note 2) (note 2)
14 BFQ66 BFQ67 BFG67 BFQ67W | BFG67TW
(/X)(/XR) (IX)(/XR)
15) BFG197 |BFG198 BFG197W
(/X)(/XR) (IX)/XR)
(16) BFQ135 BFG135
17) BFQ270

FOURTH GENERATION NPN WIDEBAND TRANSISTORS (fr up to 10 GHz)

PACKAGE
fr/1c CURVE | CERAMIC SURFACE-MOUNT
(seeFig1)  ["Sor172 | SOT23 | SOT143 | SOT223 | SOT323 | SOT343 | SOT353 | SOT363
(note 2) (note 2) (note 3) (note 3)
8 BFT25A | BFG25A/X BFS25A | BFG25AW
(IX)(/XR)
19) BFR505 | BFG505 BFS505 |BFG505W | BFC505 | BFM505
(IX)(’XR) (X)(/XR) | BFE505
20) BFR520 | BFG520 BFS520 |BFG520W |BFC520 | BFM520
(X)(XR) (X)(XR) |BFES520
an BFR540  |BFG540 |BFG541 |BFS540 |BFG540W |BFC540 | BFM540
(X)(XR) (X)(XR) |BFE540
22 BFG590 | BFG591 BFG590W
(IX)(/XR) (IX)(’XR)
) BFQ621 BFG10(X) BFG10W/X
BFG11(/X) BFG11W/X
(24) (note 3)
Notes

1. Short-lead version (SOT173X) also available.

2. 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: available only with USA pinning).

3. Development types.
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RF Wideband Transistors

Selection guide

of RF bipolar wideband transistors.
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Fig.1 Transition frequency (fr) characteristics as a function of collector current (Ic) for the four generations
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Philips Semiconductors

RF Wideband Transistors Selection guide
PRODUCT DATA
RATINGS
TYPE cUmve | PoLaRmY | packace v , P
NUMBER . CEO Cc tot
(see Fig.1) v) (mA) (mW)
BF547 @ NPN SOT23 20 50 300
BF547W @ NPN SOT323 |20 50 300
BF689K 3) NPN TO-92 15 25 360
BF747 @ NPN SOT23 20 50 300
BF763 3) NPN TO-92 25 25 360
BFG10(/X) (23) NPN SOT143 |8 250 250
BFG10W/X (23) NPN SOT343 10 250 400
BFG11(/X) (24) NPN SOT143 |8 500 400
BFG16A (6) NPN S0T223 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 (1) NPN SOT223 18 150 1000
BFG67(/X)(/XR) (14) NPN SOT143 10 50 380
BFG67W(/X)(/XR) (14) NPN SOT343 10 50 500
BFG92A(/X)(/XR) (7) NPN SOT143 |15 25 400
BFG92AW(/X)(/XR) ) NPN SOT343 |15 25 500
BFGO3A(/X)(/XR) ®) NPN SOT143 12 35 300
BFGO3AW(/X)(/XR) ®) NPN SOT343 12 35 500
BFG94 ®) 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
BFG197W(/X)(/XR) (15) NPN SOT343 10 100 500
BFG198 (15) NPN SOT223 10 100 1000
BFG505(/X)(/XR) (19) NPN SOT143 15 18 150
BFG505W(/X)(/XR) (19) NPN SOT343  [15@ 18 500
BFG520(/X)(/XR) (20) NPN SOT143 15(2) 70 300
BFG520W(/X)(/XR) (20) NPN SOT343 15@) 70 500
BFG540(/X)(/XR) (1) NPN SOT143  [15@ 120 500
BFG540W(/X)(/XR) (1) NPN SOT343 15@) 120 500
BFG541 (1) NPN SOT223 15@ 120 650
BFG590(/X)(/XR) (22) NPN SOT143 15 200 400
BFG590W(/X)(/XR) (22) NPN SOT343 |15 200 500
BFG591 (22) NPN SO0T223 15 200 2000
BFP91A (8) NPN SOT173 12 50 600
BFP96 (10) NPN SOT173 15 100 1000
1995 Sep 20 12




Philips Semiconductors

RF Wideband Transistors Selection guide
PRODUCT DATA
CHARACTERISTICS, typical values
NJ:,,EER fr | F Gum @f| F Gu @f |V P ITO @Ic &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 3 164 1200
BF747 1.2 20 100
BF763 1.8 5 800
BFG10(/X) 74 1900
BFG10W/X 104 1900 7@ 1900
BFG11(/X) 54 |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 11 800 750 100 10
BFG67(/X)(/XR) 8 1.7 |17 1000 |25 |10 2000
BFGE7W(X)(/XR) |7.5 [1.7 [155 [1000 [2.2 |10 2000
BFG92A(X)(/XR) |5 2 16 1000 |3 11 2000
BFGO2AW(/X)(/XR) | 6 21 [155 [1000 (3 10 2000
BFG93A(X)(/XR) |6 1.7 |16 1000 |2.3 |10 2000
BFGI3AW(/X)(/XR) | 7 2 [145 [1000 [3 |9 2000
BFGS4 6 2.7 500 3 13.5 1000 500 215 34 45 i0
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
BFG197W(/X)(/XR) | 7.5 24 |14 1000 |3.5 |9 2000 |700 30 8
BFG198 8 18 500 15 800 700 70 8
BFG505(/X)(/XR) 9 16 |20 900 19 |13 2000 4 10 5 6
BFG505W(/X)(/XR) | 9 16 |19 900 1.9 |12 2000 4 10 5 6
BFG520(/X)(/XR) 9 16 |19 900 1.9 |18 2000 |[275 17 26 20 6
BFG520W(/X)(/XR) | 9 16 |17 900 1.85 | 11 2000 |275 17 26 20 6
BFG540(/X)(/XR) 9 19 |18 900 21 |1 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 19 |15 900 21 |9 2000 [500 21 34 40 8
BFG590(/X)(/XR) 5 13 900 7.5 2000
BFG590W(/X)(/XR) | 5 13 900 75 |2000 21 80 5
BFG591 7 13 900 75 2000
BFP91A 6 22,5 |500 23 |18.5 |800
BFP96 5 19 500 3.7 |15 800

1995 Sep 20
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Philips Semiconductors

RF Wideband Transistors Selection guide
PRODUCT DATA
fr/lc RATINGS
NUMBER CURVE POLARITY PACKAGE Veeo I Prot
(see Fig.1) V) (mA) (mW)
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
BFQ66 (14) NPN SOT173 10 50 350
BFQ67 (14) NPN SOT23 10 50 300
BFQ67W (14) NPN S0T323 10 50 300
BFQ68 (12) NPN S0oT122 18 300 4500
BFQ135 (16) NPN SOT172 19 150 2700
BFQ136 (13) NPN S0T122 18 600 9000
BFQ149 (10) PNP SOT89 15 100 1000
BFQ270 (17) NPN SOT172 19 500 10000
BFQ540 (21) NPN SOT89 150) 120 950
BFQ621 (23) NPN SOT172 16 150 800
BFR53 (5) NPN SOT23 10 50 250
BFR92 %) 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 18 150
BFR520 (20) NPN SOT23 15 70 300
BFR540 (21) NPN SOT23 15 120 480
BFS17 3) NPN SOT23 15 25 300
BFS17A (4) NPN SOT23 15 25 300
BFS17W (3) NPN SO0T323 15 50 300
BFS25A (18) NPN S0T323 5 6.5 32
BFS505 (19) NPN S0T323 15 18 150
BFS520 (20) NPN SOT323 15(2) 70 300
BFS540 (21) NPN SOT323 15 120 500
BFT25 1 NPN SOT23 5 6.5 30
BFT25A (18) NPN SO0T23 5 6.5 32
BFT92 @ PNP SOT23 15 25 300
BFT92W (7) PNP SOT323 15 35 300
BFT93 (9) PNP SOT23 12 35 300
1995 Sep 20 14
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RF Wideband Transistors Selection guide
PRODUCT DATA
CHARACTERISTICS, typical values
N;m;in fr | F Gum @f | F Gum @f |V P ITO @Ic &Vce
(GHz) | (dB) (dB) (MHz)|(dB) (dB) (MHz)| (mV) (dBm) (dBm) (mA) (\))
BFQ17 15 16 200 6.5 800
BFQ18A 4
BFQ19 55 3.3 |11.5 |[500 7.5 800
BFQ34 4 8 16.3 |500 1200 |26 45 120 15
BFQ66 8 27 |11.5 2000
BFQ67 8 1.7 |14 1000 |8 2.7 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 13 900 450 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 6 19 |16.5 |500
BFR93A 6 1.9 |13 1000 |3 7 2000 |[425 30 8
BFR93AW 6 15 |13 1000 |2.1 8 2000
BFR94A 3.5 8 200
BFR106 5 3.5 |11.5 |800 350 50 9
BFR505 9 1.6 |17 900 1.9 |10 2000 4 10 5 6
BFR520 9 1.6 |15 900 19 |9 2000 17 26 20 6
BFR540 9 19 |14 900 21 |7 2000 (550 21 34 40 8
BFS17 1 4.5 500
BFS17A 2.8 25 |13.5 |800 150 14 10
BFS17W 1.6 4.5 500
BFS25A 5 1.8 |13 1000
BFS505 9 1.6 |17 900 19 |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 11 1000
BFT93 5 24 [16.5 |500 300 30 5
1995 Sep 20 15
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RF Wideband Transistors Selection guide
PRODUCT DATA
RATINGS
TYPE CflTlIlR{(I:E POLARITY PACKAGE
NUMBER ) Vceo Ic Prot
(see Fig.1) v) (mA) (mW)
BFT93W 9) PNP SOT323 12 50 300
MPSH10 NPN TO-92 25 40 1000
PMBT3640 PNP SOT23 12 80 350
PMBTH10 NPN S0T23 25 40 400
PMBTHS81 PNP S0T23 20 40 400
DEVELOPMENT TYPES
TYPE RATINGS
NUMBER POLARITY PACKAGE Veeo I Ptot
v) (mA) (mW)
BFC505 NPN SOT353 15@) 18 500
BFC520 NPN SOT353 15@ 70 1000
BFC540 NPN SOT353 15@ 120 1000
BFE505 NPN SOT353 15 18 500
BFE520 NPN SOT353 15 70 1000
BFE540 NPN SOT353 15 120 1000
BFG11W/X NPN SOT343 8 500 630
BFM505 NPN SOT363 15@) 18 500
BFM520 NPN SOT363 15@) 70 1000
BFM540 NPN SOT363 15@) 120 1000
Notes

1. Typical values at dim =

2. VcEs.
3. Minimum value.
4. Power gain Gp.

1995 Sep 20
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Philips Semiconductors

RF Wideband Transistors

Selection guide

PRODUCT DATA
CHARACTERISTICS, typical values
TYPE
NUMBER fr F Guw ©@f F Gum ef Vo PL ITO @lc &Vce
. (GHz) | (dB) (dB) (MHz)|(dB) (dB) (MHz)| (mV) (dBm) (dBm) (mA) )
BFT93W 5 24 |15.5 |500 3 10 1000
MPSH10 0.65@)
PMBT3640 0.5
PMBTH10 0.65®@)
PMBTHS81 0.6
DEVELOPMENT TYPES
TYPE CHARACTERISTICS, typical values
NUMBER fr F Gum @f F Gum @f Vo PL ITO @lc &Vce
(GHz) | (dB) (dB) (MHz)|(dB) (dB) (MHz)| (mV) (dBm) (dBm) (mA) V)
BFC505 6 1.6 900 2.4 2000
BFC520 7 1.3 900 2.4 2000
BFC540 9 1.6 900 2.9 2000
BFE505 9 1.2 900 1.9 2000
BFE520 9 1.1 900 1.9 2000
BFE540 9 1.3 900 1.9 2000
BFG11W/X 64 1900
BFM505 9 1.2 |17 900 19 |10 2000
BFM520 9 1.6 |15 900 19 |9 2000
BFM540 9 1.9 |14 900 21 |7 2000
Notes

1. Typical values at d;,, = —60 dB, measured according to DIN45004B, para. 6.3: 3-tone test.

2. Vces.
3. Minimum value.
4. Power gain Gp.

1995 Sep 20
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RF Wideband Transistors

Selection guide

LINE-UPS

Analog cellular (AMPS, (E)TACS, NMT) 900 MHz

INPUT POWER P SUPPLY VOLTAGE
18t STAGE 2nd STAGE 314 STAGE
(mW) w) v)
Bipolar
1 BFG540/X BLT80 BLT81 1.2 6.0
1 BFG540/X BLT70 BLT71 1.2 4.8
1 BFG520W/X BFG10W/X BLT61 1.2 3.6
Digital cellular (GSM) 900 MHz
INPUT POWER P SUPPLY VOLTAGE
18t STAGE 2nd STAGE 34 STAGE L
(mW) W) V)
Bipolar
1 BFG540W/X BFG10W/X BLT72 3.0 pulsed 4.8
1 BFG540W/X BFG10W/X BLT82 3.5 pulsed 6.0
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 6.0
15 BFG91A BLT80 BLT92/SL 3.0 7.5
Digital cellular (GSM) 1800 MHz
INPUT POWER P SUPPLY VOLTAGE
18t STAGE 2nd STAGE 3rd STAGE L
(mW) W) V)
Bipolar
4 |BFGs40wW/X | BFG1OW/X BLT13 [2.0 Je.0

1995 Sep 20
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Philips Semiconductors

RF Wideband Transistors Selection guide

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

FUNCTION TYPE NUMBER () REMARKS

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

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

Note

1. Equivalent types are available in SOT23, SOT143, SOT323, or SOT343 packages.

antenna

RFamp  mixer
IF out

prescaler

buffer

oscillator

i# tuning
MGcozs 77

Fig.2 Typical front-end section for pagers.

1995 Sep 20
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RF Wideband Transistors Selection guide

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

FUNCTION | TYPE NUMBER SYSTEM(;':{E)QUENCY FEATURES
LNA BFC505 1900 high isolation gain, low noise current
BFR505 900; 1900 good performance at low current (1 mA)
BFR520 900; 1900 higher gain, lower noise (10 mA)
Mixer BFR93A 900 low cost, acceptable performance
BFG505 900; 1900 good performance, low current
BFG520 900; 1900 higher power to IF (10 mA)
BFE505 900; 1900 balanced mixer in a single SOT353 package
Buffer and VCO BFRSZA 900 excellent VCO, good buffer, low-cost
BFR93A 900 excellent VCO, good buffer, low-cost
BFQ67 900 third generation, good performance
BFR 505 900; 1900 good VCO, high-gain buffer, low current
BFR520 900; 1900 good VCO, higher output power
BFG505 1900 buffer and VCO in a single SOT353 package
IF BFS17A 40 to 100 any first or second generation transistor
X RF am oy IF detector
{ oscillatorl
antenna I
prescaler | N I
} tuning ;T |
DUP I veo |
Jprescaler  ~===TTommmo oo
T buffer amp oscillatori

l____1  buffer
power amp amp

Tﬁ<1.u—<}—i

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 SOT323 | SOT143 () | SOT343 () | SOT353 @ | SOT363 @
(MH2)
LNA 900; 1900 BFR505 BFS505 BFG505 BFG505W | BFC505 BFM505
900; 1900 BFR520 |BFS520 BFG520 BFG520W | BFC520 BFM520
Mixer 900 BFR93A BFR93AW | BFG93A BFG93AW
900; 1900 BFR505 BFS505 BFG505 BFG505W | BFE505 BFM505
900; 1900 BFR520 BFS520 BFG520 BFG520W | BFE520 BFM520
Bufferand | 900 BFR92A BFR92AW | BFG92A BFG92AW
vCo 900 BFR93A BFR93AW |BFG93A BFG93AW
900 BFQ67 BFQ67W | BFG67 BFG67W
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 BFG92AW
Note

1. Also available in /X and /XR versions.
2. Under development.
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RF wideband transistors for the power amplifier section in cordless/cellular phones (see Fig.4)

SYSTEM SUPPLY VOLTAGE Pout SOT143 SOT343
v) (mW)
CT1, CT1+, 3.3 driver for PA2 BFG67 BFG67W
CT2, CT2+ BFG505 BFG505W
crs BFG520 BFG520W
15 BFG67 BFG67W
20 BFG520 BFG520W
40 BFG540 BFG540W
DECT, PHP 3.3 400 BFG540/X BFG540W/X
BFG10/X BFG10W/X
BFG11/X BFG11W/X ()
Note
1. Under development.
PA2 PA1
/—<}-—4*\ 900 MHz CT1, CT1+, CT2, CT2+, CT3
/ \
// PB3 PB2 PB1 \\
/ ,—-q——q—qﬂ \ 1.9 GHz DECT, PHP, DCSI800
/s S
/, PC3 PC2 PC1 N
Y N\ from
to antenna +—é& — — ——Q——Q——q—— — =3« vCO/ 900 MHz GSM
A\ N P modulator
AN PD3 PD2 PD1 s
v N s
\ \__<]._<]_<_/ , 900 MHz AMPS, (E)TACS, NMT
\ / (discrete)
\\ PA Mod PE2 //
LQ"‘Q—AM/ 900 MHz AMPS, (E)TACS, NMT
Fig.4 Typical power amplifier section for cordless and cellular phones.
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TYPE NUMBER TO PACKAGE AND MARKING CODE

TYPE NUMBER | PACKAGE MARKING

TYPE NUMBER | PACKAGE MARKING CODE

CODE BFG505XR | SOT143 N45
BF547 SOT23 E16 BFG505W SOT343 NO
BF547W SOT323 E2 BFGS05W/X | SOT343 N
BF6BOK SOT54 F689K BFGS05W/XR | SOT343 Fo
BF747 S0T23 E15 [BFG520 SOT143 N36
BF763 SOT18 BF763 BFG520/X SOT143 N2
BFC505 SOT353 NO BFG520/XR | SOT143 N48
BFC520 SOT353 N3 BFG520W SOT343 NG
BFC540 SOT353 N7 BFG520W/X | SOT343 N4
BFE505 SOT353 PO BFG520W/XR | SOT343 N5
BFE520 SOTa53 N5 BFG540 SOT143 N37
BFE540 SOT353 ) BFG540/X SOT143 N43
BFG10 SoT143 N70 BFGG40XR | SOT143 N49
BFG10/X SOT143 N71 BFG540W SOT343 N9
BFGTOW/X SOT343 5 BFGS40W/X | SOT343 N7
BFGT1 SOT143 N72 BFG540W/XR | SOT343 N8
BFGT1/X SOT143 N73 BFG541 SOT223 BFG541
BFGT1WIX SOT343 54 BFG590 SOT143 N38
BFG16A SOT223 BFGT6A BFGB90/X SOT143 Na4
BFG17A SOT143 E6p BFG500/XR | SOT143 N50
BFGZ5A/X SOT143 Vi1 BFG590W SOT343 T
BFG25AW SOT343 NG BFG5O0W/X | S0T343 T2
BFGZ5AWX | S0T343 VA BFG590W/XR | S0T343 T3
BFG25AW/XR | SOT343 V) BFG591 SOT223 BFG591
BFG31 SOT223 BFG31 BFM505 SOT363 NO
BFG35 507223 BFG35 BFM520 SOT363 N2
BFG67 SOT143 Vap BFM540 SOT363 N7
BFG67/X SoT143 Viz BFPOIA SOT173 BFPO1A
BFG67/XR SOT143 V26 BFP96 SOT173 BFP96
BFGO2A/X SOT143 Via BFQ17 SoT89 FA
BFGOZAXR | SOT143 V29 BFQTBA SoT89 FF
BFGO3A SOT143 R8p BFQ19 SOT89 FB
BFGO3AXR | SOT143 Va3 BFQ22S SoT18 BFQ22S
BFGO4 S0T223 BFGo4 BFQ24 SoTi8 BFQ24
BFGO7 SOT223 BFGO7 BFQ34 SOT122E BFQ34/01
BFG135 SOT223 BFG135 BFQ52 SoT1s BFQ52
BFG197 SOT143 V5p BFQ53 SoTis BFQ53
BFG197/X SOT143 E BFQ63 SoT18 BFQ63
BFG198 S0T223 BFG198 BFQ66 SoTi73 BFQ66
BFG505 SOT143 N33 BFQ67 S0T23 V2p
BFGB05/X SOT143 N39 BFQE7TW SOT323 V2
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Marking codes

MARKING CODE AND PACKAGE TO TYPE NUMBER

TYPE NUMBER PACKAGE MARKING

CODE MARKING

PACKAGE TYPE NUMBER

BFQ68 SOT122E BFQ68 CODE
BFQ135 SOT172 BFQ135 BF763 SOT18 BF763
BFQ136 SOT122E BFQ136 BFG16A SOT223 BFG16A
BFQ149 SOT89 FG BFG31 SO0T223 BFG31
BFQ270 SOT172 BFQ270 BFG35 SOT223 BFG35
BFQ540 SOT89 N4 BFG94 SOT223 BFG94
BFQ621 SOT172 BFQ621 BFG97 SOT223 BFG97
BFR53 SOT23 Nip BFG135 SOT223 BFG135
BFR92 SOT23 P1p BFG198 SOT223 BFG198
BFR92A SOT23 P2p BFG541 SOT223 BFG541
BFR92AW SOT323 P2 BFG591 SOT223 BFG591
BFR93 SOT23 R1p BFP91A SOT173 BFP91A
BFR93A SOT23 R2p BFP96 SOT173" BFP96
BFR93AW SOT323 R2 BFQ22S SOT18 BFQ22S
BFR94A SOT122E BFR94A BFQ24 SOT18 BFQ24
BFR95 SOT5 BFR95 BFQ34/01 SOT122E BFQ34
BFR106 SOT23 R7p BFQ52 SOT18 BFQ52
BFR505 SOT23 N30 BFQ53 SOT18 BFQ53
BFR520 SOT23 N28 BFQ63 SOT18 BFQ63
BFR540 SOT23 N29 BFQ66 SOT173 BFQ66
BFS17 SOT23 Elp BFQ68 SOT122E BFQ68
BFS17A SOT23 E2p BFQ135 SOT172 BFQ135
BFS17W SOT323 E1 BFQ136 SOT122E BFQ136
BFS25A SOT323 N6 BFQ270 SOT172 BFQ270
BFS505 SOT323 NO BFQ621 SOT172 BFQ621
BFS520 SOT323 N2 BFR94A SOT122E BFR94A
BFS540 SOT323 N4 BFR95 SOT5 BFR95
BFT25 SOT23 Vip BFW16A SOT5 BFW16A
BFT25A SOT23 V10 BFW30 SOT18 BFW30
BFT92 SOT23 Wip BFY90 SOT18 BFY90
BFT92W SOT323 Wi E1 SOT323 BFS17W
BFT93 SOT23 X1p E1p SOT23 BFS17
BFT93W SOT323 X1 E2 SOT323 BF547W
BFW16A SOT5 BFW16A E2p SOT23 BFS17A
BFW30 SOT18 BFW30 E6p SOT143 BFG17A
BFY90 SOT18 BFY90 E15 SOT23 BF747
MPSH10 SOT54 PSH10 E16 SOT23 BF547
PMBT3640 SOT23 V25 FB689K SOT54 BF689K
PMBTH10 SOT23 V30 FA SOT89 BFQ17
PMBTHS1 SOT23 V31 FB SOT89 BFQ19
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RF Wideband Transistors Marking codes
MARKING MARKING
CODE PACKAGE | TYPE NUMBER CODE PACKAGE | TYPE NUMBER

FF SOT89 BFQ18A N71 SOT143 BFG10/X

FG SOT89 BFQ149 N72 SOT143 BFG11

NO S0T323 BFS505 N73 SOT143 BFG11/X

NO SOT343 BFG505W PO SOT343 BFG505W/XR
NO SOT353 BFC505 PO SOT353 BFE505

NO SOT363 BFM505 P1p SOT23 BFR92

N1 SOT343 BFG505W/X P2 SOT323 BFR92AW
N1p SOT23 BFR53 P2p SOT23 BFR92A

N2 SOT323 BFS520 PSH10 SOT54 MPSH10

N2 SOT363 BFM520 Rip SOT23 BFR93

N3 SOT343 BFG520W R2 SOT323 BFR93AW

N3 SOT353 BFC520 R2p SOT23 BFR93A

N4 SOT323 BFS540 R7p SOT23 BFR106

N4 SOT343 BFG520W/X R8p SOT143 BFG93A

N4 SOT89 BFQ540 S4 SOT343 BFG11W/X
N5 SOT343 BFG520W/XR T1 SOT343 BFG590W

N5 SOT353 BFES520 T2 SOT343 BFG590W/X
N6 SOT323 BFS25A T3 SOT343 BFG590W/XR
N6 SOT343 BFG25AW T5 SOT343 BFG10W/X
N7 SOT343 BFG540W/X V1 SOT343 BFG25AW/X
N7 SOT353 BFC540 Vip SOT23 BFT25

N7 SOT363 BFM540 V2 SOT323 BFQ67W

N8 SOT343 BFG540W/XR V2p SOT23 BFQ67

N9 SOT343 BFG540W V3 SOT343 BFG25AW/XR
N9 SOT353 BFE540 V3p SOT143 BFG67

N28 SOT23 BFR520 V5p SOT143 BFG197

N29 SOT23 BFR540 V10 SOT23 BFT25A

N30 SOT23 BFR505 V11 SOT143 BFG25A/X
N33 SOT143 BFG505 V12 SOT143 BFG67/X

N36 SOT143 BFG520 Vi3 SOT143 BFG197/X
N37 SOT143 BFG540 V14 SOT143 BFG92A/X
N38 SOT143 BFG590 V25 SOT23 PMBT3640
N39 SOT143 BFG505/X V26 SOT143 BFG67/XR
N42 SOT143 BFG520/X V29 SOT143 BFG92A/XR
N43 SOT143 BFG540/X V30 SOT23 PMBTH10
N44 SOT143 BFG590/X V31 SOT23 PMBTHS81
N45 SOT143 BFG505/XR V33 SOT143 BFG93A/XR
N48 SOT143 BFG520/XR Wi SOT323 BFT92W

N49 SOT143 BFG540/XR Wip SOT23 BFT92

N50 SOT143 BFG590/XR X1 SOT323 BFT93W

N70 SOT143 BFG10 X1p SOT23 BFT93
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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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o 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 Original 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
1to1.3eV

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
Rth j-mb > 15 K/W and power types by Ry j.mb < 15 K/W.
A Diode; signal, low power
Diode; variabie capacitance
Transistor; low power, audio frequency
Transistor; power, audio frequency
Diode; tunnel
Transistor; low power, high frequency

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

G Mmoo w

v Zr T

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

Transistor; low power, switching

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

Transistor; power, switching

- »

Surface acoustic wave device
Diode; multiplier, e.g. varactor, step recovery
Diode; rectifying, booster

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

N <X s C

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 ncrmal 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 Conductance (real part of an admittance)
H, h  Hybrid parameter

l,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.
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Subscripts 0,0 As first subscript: reverse (or reverse
U bscriot d for the indication of: transfer), rise. As second subscript:
pper-case subscripts are used for the Indication ot: repetitive, recovery. As third subscript: witha
* Continuous (DC) values (without signal), e.g. Ip, Is specified resistance between the terminal
» Instantaneous total values, e.g. ip, iB not mentioned and the reference terminal
* Average total values, e.g. Ip(av), ls(av) (ov) Overload
* Peak total values, e.g. Ipm, lem P.p Pulse
* Root-mean-square total values, e.g. Ipgrwms); ls@rMS)- Qq Turn-off
Lower-case subscripts are used for the indication of values " As first subscript: reverse (or reverse

applying to the varying component alone:
¢ Instantaneous values, e.g. i,

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

 Average values, e.g. ly(ay).

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

I, i 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
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transfer), rise. As second subscript:
repetitive, recovery. As third subscript: witha
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, I, ip, i, ids ibs ldms 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: Vbes Vbem-
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SUPPLY VOLTAGES OR CURRENTS

Supply voltages or supply currents are indicated by
repeating the appropriate terminal subscript.

Examples: Vpp, Iss, Vce; Iee-
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

Veo.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

Vip-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)

hee 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.
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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.

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, OFs-

FOUR-POLE MATRIX PARAMETERS

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

Examples: h; (or hq4), ho (or hp), hs (or hpy), h, (or hyg).

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

Examples: hye (or ha1e), hege (OF hotg).

DISTINCTION BETWEEN REAL AND IMAGINARY PARTS

If itis 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; + jXj, Yie = Jfe + jbte.

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

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

Im (hyp) etc. for the imaginary part of hj,.
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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 S11 and the Sy, of a two-port
network (see Fig.1).

ay— — b3
S11 S22
Dq e -2z
D.U.T. MLB335
Fig.1 Two-port network with reflection
coefficients S11 and Sx,.
by =Sy-a;+Sy;-a, M
b, = Syy-a;+5y-a, 2
where:
1 . . .
a; = - (V,+2Z,-i;) = signalinto port 1 3
1 2.‘\/2—0 ( 1 0 1) g p ( )
1 . . .
a, = = (V,+2Z,-1i,) = signalintoport2
2 2J-ZT) \vyo 0 27 &l v
1 . .
b, = - (V,+2Z,-i,) = signal out port 1
1 5. ﬁ; ( 1 0 "1 g p (4)
1 . .
b, = ——- (V,+2Z,-i,) = signal out port 2
2 2 JZ_() ( 2 0 2) g p

From (1) and (2) formulae for the return losses can be
derived:

b
S,y ="la, =0 5
w =g ®)
b
822=a_2a1=0 (6)
2

In (5), a2 = 0 means output port terminated with Zg
(derived from formula (4)).

In (6), a; = 0 means input port terminated with Z,
(derived from formula (3)).
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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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Table 1 Tape specification TO-92 (SOT54) leaded types
SPECIFICATIONS
SYMBOL DIMENSION REMARKS
MIN. | NOM. | MAX. TOL. UNIT

A4 body width 4 - 4.8 - mm

A body height 48 - 52 - mm

T body thickness 3.5 - 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
Pa 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

W, hold-down tape position - 0.5 - +0.2 mm

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

Hyq component height - - 23.25 |- mm

L length of snipped leads - - 1 - mm

Do feed hole diameter - 4 - +0.2 mm

t total tape thickness - - 1.2 - mm ty=0.31t00.6

Fi, Fa lead-to-lead distance - - - +0.4/-0.2 | mm

Ha clinch height - - - - mm

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

1. Measured over 20 devices.
Dropouts Bulk packing

A maximum of 0.5% of the specified number of transistors
in each packing may be missing. Up to 3 consecutive
components may be missing provided the gap is followed
by 6 consecutive components.

Tape splicing

Splice the carrier tape on the back and/or front so that the
feed hole pitch (Pg) is maintained (see Figs 2 and 4).
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In addition to TO-92 (SOT54) on tape, TO-92 can also be
delivered in bulk. Products are packed in boxes in foil and
plastic bags with 1000 pieces to a bag and 5 bags to a box.

As well as the standard TO-92 with straight leads,
(see Fig.5) leads with delta pinning are available in bulk,
on request (see Fig.6).
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direction of unreeling

Dimensions in mm.

Fig.3 Dimensions of reel and box.
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Fig.4 Joining tape with splicing patch.
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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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|<— 5.2 max 12.7 min
L i * 0.48
—— j 040
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. ]
1 ]
!
- l‘_ 2.5max " 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
PACKAGE TAP(EmV:‘I)DTH RE(IE‘:. mS)IZE QUAl:‘EEZ PER (note 1)
ends with:
180 3000 ...215
SOT23 8
330 10000 ...235
SOT143 180 3000 ...215@
SOT143R 8 330 10000 ...235()
SOT143 (cross emitter pinning) 180 3000 ...215@)
SOT143R (cross emitter pinning) 330 10000 ...235@)
SOT323 8 180 3000 .15
330 10000 ...135
SOT343 8 180 3000 ...115
SOT353 8 180 3000 .15
SOT363 8 180 3000 ..115
SOT89 12 180 3000 ..115
SOT173X 12 180 3000 ...115
SOT223 12 180 3000 ...115

Notes
1. 12NC is the Philips twelve-digit ordering code.
2. Distinction between the pinning variants is made by the first nine digits of the 12NC.

1995 Sep 26 38



Philips Semiconductors

RF Wideband Transistors General
> K 14—
= Ko<
I‘_Ao—.—’l + -><-T1
SOT23' SO;T143HI3I43R SOT143I?43 G
SO K N U 6 A N
! :erL l_J_LI: :ri- |_Jr_‘.,|i EFLX‘A\_J__‘.,:%; T t
o s e o o v £ e A =
[ ) [ - f— L RS B
- i A R R 1H W i !
F
m 1 ﬂ\ 1 @_ [ ! |
M W )E 21
! ! | { Y.
———I Do I<— IP-————DL—PZ-—— 8—><H J«S
P — MBES47- 1 T

direction of unreeling

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

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

direction of unreeling

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

Fig.8 Specification for 8 mm tape (SOT323, SOT353 and SOT363).
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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.

direction of unreeling

Fig.10 Specification for 12 mm tape (SOT223).
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For dimensions see Table 3.
(1) Tolerance over any 10 pitches: 0.2 mm.

Fig.11 Specification for 12 mm tape (SOT173X).
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For dimensions see Table 3.
(1) Tolerance over any 10 pitches: +0.2 mm.

Fig.12 Specification for 16 mm tape (SOT173).
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Table 3 SMD packages: tape dimensions (in mm)
D!MENSION 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 <15 <24 <2.2 -
G >0.75 >0.75 >1.65 -
Sprocket holes; note 1
Do 1.5 1.5 1.5 +0.1/-0
E 1.75 1.75 1.75 +0.1
Po 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 dimension; depend on pack'age size. Maximum clearance betweer?
device and compartment is 0.3 mm; the minimum clearance ensures that the device
i‘ is not totally restrained within the compartment.
0
D4 >1.0 >1.5 >1.5 -
P 4.0 8.0 12.0 +0.1
(] <15° <15° -
Cover tape; note 2
Wi <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 <0.4 -
o <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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Fig.13 Reel specification.
Table 4 Reel dimensions (in mm)
CARRIER TAPE
DIMENSION TOLERANCE
(see Fig.13) 8 mm 12 mm 16 mm
Flange
A 180 (1) - 286 or 330 | 180 or 330 180 or 330 +0.5
t 1.5 1.5 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
(@] 120° 120° 120° -
Note

1. Large reel diameter depends on individual package (286 or 350).
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Fig.14 Orientation of components: SOT23, SOT143, SOT143R, SOT323 (8 mm tape).
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Fig.15 Orientation of components: SOT223, SOT89, SOT173X (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

Viost refiow soidering techniques uiiiize 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 usually
between 150 and 200 pum.

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 16 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.17. This reflow method is often
applied in double-sided prints.

Vapour phase

A substrate isimmersed 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.18.

MBC938

L L L
100 150 (s) 200

Fig.16 Theoretical time/temperature curve for a
typical thermal conductive reflow cycle.

250 F————————— T
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. soigegﬂg _.L__ cooling -——I

Fig.17 Typical temperature profile of an
infrared oven operating at a belt speed
of 0.41 mm/min.
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Fig.18 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
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and the viscosity of the adhesive. This method is most
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

o 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.19) 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.20), 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 21 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.19 Single wave soldering principle.

board travel
—_—

MBC934
solder

Fig.20 Dual wave soldering principle.
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Footprint design

The footprint design of a component for surface mounting

is influenced by many factors:
MBC936
300 « Features of the component, its dimensions and

tolerances
250 ¢ Circuit board manufacturing processes
\ A ¢ Desired component density
\ 1Kis ¢ Minimum spacing between components
50 ‘IV S o Circuit tracks under the component
J ~ « Component orientation (if wave soldering)
Positional accuracy of solder resist to solder lands

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

— « Component placement accuracy
* Soldering process parameters
¢ Solder joint reliability parameters.

200 Kis—|

100

0 50 100 fime (s) 150

Fig.21 Typical time-temperature curve measured
at the soldering site.
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Fig.22 Reflow soldering footprint for SOT23; typical dimensions.
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Fig.23 Wave soldering footprint for SOT23; typical dimensions.
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SOT143 FOOTPRINTS
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Placement accuracy: +0.25 mm.
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Fig.24 Reflow soldering footprint for SOT143; typical dimensions.
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Fig.25 Wave soldering footprint for SOT143; typical dimensions.
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Fig.26 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.27 Wave soldering footprint for SOT89: typical dimensions.
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Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.28 Reflow soldering footprint for SOT223; typical dimensions.
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preferred transport direction during soldering

Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.29 Wave soldering footprint for SOT223; typical dimensions.
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SOT323 FOOTPRINTS
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Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.30 Reflow soldering footprint for SOT323; typical dimensions.
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Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.31 Wave soldering footprint for SOT323; typical dimensions.
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SOT343 FOOTPRINTS
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Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.32 Reflow soldering footprint for SOT343; typical dimensions.
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Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.33 Wave soldering footprint for SOT343; typical dimensions.
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SOT353 FOOTPRINTS

Dimensions in mm.
Placement accuracy: +0.25 mm.

V7] solder lands

T777] solder resist

U~ 7] occupied area

B2222 solder paste

Fig.34 Reflow soldering footprint for SOT353; typical dimensions.
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Dimensions in mm.
Placement accuracy: +0.25 mm.
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