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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 specifiedin 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 domesticwasteis
usually not permitted.
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DEFINITIONS

Data sheet status

Obijective 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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Small-signal Field-effect Transistors Index

ALPHANUMERIC INDEX
Types added to the range since the last issue of Handbook SC07 (1994 issue) are shown in bold print.

TYPE NUMBER PAGE TYPE NUMBER PAGE TYPE NUMBER PAGE
BC264A 71 BF904 150 BS170 347
BC264B 71 BF904R 150 BS208 350
BC264C 71 BF904WR 159 BS250 355
BC264D 71 BF908 168 BSD12 359
BF245A 77 BF908R 168 BSD22 363
BF245B 77 BF908WR 174 BSD212 367
BF245C 77 BF909 178 BSD213 367
BF246A 89 BF909R 178 BSD214 367
BF246B 89 BF909WR 186 BSD215 367
BF246C 89 BF989 195 BSD254 371
BF247A 89 BF990A 199 BSD254A 371
BF247B 89 BF990AR 203 BSD254AR 371
BF247C 89 BF991 205 BSN10 377
BF256A 91 BF992 209 BSN10A 377
BF256B 91 BF992R 215 BSN20 381
BF256C 91 BF994S 217 BSN204 385
BF410A 103 BF996S 221 BSN204A 385
BF410B 103 BF997 225 BSN205 389
BF410C 103 BF998 228 BSN205A 389
BF410D 103 BF998R 237 BSN254 393
BF510 107 BF998WR 246 BSN254A 393
BF511 107 BF1100 254 BSN274 397
BF512 107 BF1100R 254 BSN274A 397
BF513 107 BF1100WR 265 BSN304 402
BF545A 112 BFR29 277 BSN304A 402
BF545B 112 BFR30 285 BSP89 408
BF545C 112 BFR31 285 BSP92 41
BF556A 123 BFT46 295 BSP100 414
BF556B 123 BFU308 302 BSP106 420
BF556C 123 BFU309 302 BSP107 426
BF851A 131 BFU310 302 BSP108 433
BF851B 131 BFW10 313 BSP110 437
BF851C 131 BFW11 313 BSP120 441
BF861A 139 BFW12 325 BSP121 445
BF861B 139 BFW13 325 BSP122 450
BF861C 139 BS107 334 BSP124 452
BF901 147 BS107A 341 BSP126 459
BF901R 147 BS108 344 BSP127 464

April 1995 4



Philips Semiconductors

Small-signal Field-effect Transistors Index
TYPE NUMBER PAGE TYPE NUMBER PAGE TYPE NUMBER PAGE
BSP128 466 BST110 633 PMBFJ111 750
BSP130 468 BST120 637 PMBFJ112 750
BSP145 474 BST122 641 PMBFJ113 750
BSP152 480 BST124 644 PMBFJ174 755
BSP204 486 BSV78 651 PMBFJ175 755
BSP204A 486 BSV79 651 PMBFJ176 755
BSP205 493 BSV80 651 PMBFJ177 755
BSP206 497 BSv81 659 PMBFJ308 758
BSP220 501 J108 664 PMBFJ309 758
BSP225 507 J109 664 PMBFJ310 758
BSP230 513 J110 664 PN4391 769
BSP250 519 J1 668 PN4392 769
BSP254 525 Ji12 668 PN4393 769
BSP254A 525 J113 668 PN4416 773
BSP304 530 J174 671 PN4416A 773
BSR56 537 J175 671 PZFJ108 779
BSR57 537 J176 671 PZFJ109 779
BSR58 537 J177 671 PZFJ110 779
BSS83 541 J308 674 VN2406L 783
BSS84 545 J309 674 VN2410L 789
BSS87 551 J310 674 2N4091 795
BSS88 554 PHC21025 684 2N4092 795
BSS89 557 PHN105 693 2N4093 795
BSS91 561 PHN110 696 2N4220 799
BSS92 565 PHN210 700 2N4220A 799
BSS100 568 PHP112 706 2N4221 799
BSS110 572 PHP125 709 2N4221A 799
BSS123 577 PHP225 712 2N4222 799
BSS131 581 PMBF107 719 2N4222A 799
BSS138 584 PMBF170 725 2N4340 802
BSS192 587 PMBF4391 729 2N4391 805
BST70A 593 PMBF4392 729 2N4392 805
BST72A 597 PMBF4393 729 2N4393 805
BST74A 601 PMBF4416 733 2N4416 809
BST76A 605 PMBF4416A 733 2N4416A 809
BST78 609 PMBF5484 739 2N4856 815
BST80 613 PMBF5485 739 2N4857 815
BST82 617 PMBF5486 739 2N4858 815
BST84 621 PMBFJ108 746 2N4859 815
BST86 625 PMBFJ109 746 2N4860 815
BST100 629 PMBFJ110 746 2N4861 815
April 1995 5




Philips Semiconductors

Small-éignal Field-effect Transistors

Index

TYPE NUMBER PAGE
2N5116 819
2N5460 822
2N5461 822
2N5462 822
2N5484 825
2N5485 825
2N5486 825
2N7000 832
2N7002 838
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Philips Semiconductors

Small-signal Field-effect Transistors

N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTORS

Selection guide

CHARACTERISTICS
Vv
T el B N e B O I
(mA) (mA) V) mS) (pF)
Hi-fi amplifiers and AF equipment
BC264A TO-92 variant |30 10 2to 4.5 >0.5 25 1.2 71
BC264B TO-92 variant |30 10 3.5t06.5 >0.5 3 1.2 71
BC264C TO-92 variant |30 10 5t08 >0.5 35 1.2 71
BC264D TO-92 variant |30 10 7to 12 >0.5 4 1.2 71
DC, LF and HF amplifiers
BF245A TO-92 variant | 30 10 2t06.5 <8 3t06.5 1.1 77
BF245B TO-92 variant |30 10 6to 15 <8 3t06.5 1.1 77
BF245C TO-92 variant. |30 10 12t0 25 <8 3t06.5 1.1 77
BF545A SOT23 30 10 2106.5 04t075 3t06.5 0.8 112
BF545B SOT23 30 10 6to 15 04t07.5 3t06.5 0.8 112
BF545C SOT23 30 10 12t0 25 04t07.5 3t06.5 0.8 112
BF556A SOT23 30 10 3to7 05t07.5 45 0.8 123
BF556B SOT23 30 10 6to 13 05t07.5 45 0.8 123
BF556C SOT23 30 10 11to0 18 05t07.5 45 0.8 123
Preamplifiers for AM tuners in car radios
BF851A TO-92 25 10 2t06.5 0.2t02.0 12 25 131
BF851B TO-92 25 10 6to 15 0.2t02.0 16 25 131
BF851C TO-92 25 10 12t0 25 0.2t02.0 20 25 131
BF861A SOT23 25 10 2106.5 0.2t02.0 12 25 139
BF861B SOT23 25 10 6to 15 0.2t02.0 16 25 139
BF861C SOT23 25 10 12t0 25 0.2t02.0 20 25 139
VHF and UHF amplifiers and general purpose switching
BF246A TO-92 variant |25 10 30 to 80 0.6to 14.5 8 3.5 89
BF246B TO-92 variant |25 10 60 to 140 0.6 to 14.5 8 35 89
BF246C TO-92 variant7. | 25 10 110 to 250 0.6to 14.5 8 3.5 89
BF247A TO-92 variant |25 10 30to 80 0.6to 14.5 8 3.5 89
BF247B TO-92 variant |25 10 60 to 140 0.6to14.5 8 35 89
BF247C TO-92 variant. |25 10 110 to 250 0.6t0 14.5 8 3.5 89
VHF and UHF applications
BF256A TO-92 variant |30 10 3to7 <75 45 0.7 91
BF256B TO-92 variant | 30 10 6to 13 <7.5 45 0.7 91
BF256C TO-92 variant. |30 10 11t0 18 <75 45 0.7 91
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Small-signal Field-effect Transistors

Selection guide

N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTORS (continued)

CHARACTERISTICS
+
NJ:n:iR PACKAGE _XI[;S [ miu:D-srsnax -Vip)as L)‘/:;l Cs | PAGE
ma) | ™) () ms) | ®P
RF stages FM portables, car radios, mains radios and mixer stages
BF410A TO-92 variant | 20(1) 10 0.7t03 typ. 0.8 25 0.5 103
BF410B TO-92 variant | 20(1) 10 25t07 typ. 1.5 4 0.5 103
BF410C TO-92 variant. |20(1) 10 6to 12 typ. 2.2 6 0.5 103
BF410D TO-92 variant. |20(1) 10 10to 18 typ. 3 7 0.5 103
BF510 SOT23 20(M 10 07t03 typ. 0.8 25 0.3 107
BF511 SOT23 2001 10 25t07 typ. 1.5 4 0.3 107
BF512 SOT23 20(M 10 610 12 typ. 2.2 6 0.3 107
BF513 SOT23 20() 10 10to 18 typ. 3 7 0.3 107
Low level general purpose amplifiers
BFR30 SOT23 25 5 4t010 <5 1to4 0.85 285
BFR31 SOT23 25 5 1to5 <25 1.5t04.5 0.85 285
General purpose amplifiers
BFT46 SOT23 25 [s  Jo2to1s [<1.2 1 |0.85 295
AM input stages UHF/VHF amplifiers
BFU308 TO-18 25 50 12t0 60 1t06.5 10 1.3 302
BFU309 TO-18 25 50 1210 30 1to4 10 1.3 302
BFU310 TO-18 25 50 24 t0 60 2t06.5 10 1.3 302
J308 TO-92 25 50 12 t0 60 1t06.5 10 1.3 6§74
J309 TO-92 25 50 1210 30 1to4 10 1.3 674
J310 TO-92 25 50 2410 60 2t06.5 10 1.3 674
PMBF4416 SOT23 30 10 5t0 15 <6 45t07.5 <0.8 733
PMBF4416A |SOT23 35 10 5t0 15 25106 45t07.5 <0.8 733
PMBF5484 SOT23 25 10 1to5 03t03 3 <1 739
PMBF5485 SOT23 25 10 41010 05t04 35 <1 739
PMBF5486 SOT23 25 10 8to0 20 2t06 4 <1 739
PMBFJ308 SOT23 25 50 12 to 60 1t06.5 10 1.3 758
PMBFJ309 SOT23 25 50 12to 30 1to4 10 1.3 758
PMBFJ310 SOT23 25 50 24 t0 60 2t06.5 10 1.3 758
PN4416 SOT54 30 10 5to 156 <6 45t075 <0.8 773
PN4416A SOT54 35 10 5to 15 25106 45t075 <0.8 773
2N4416 TO-72 30 10 5to0 15 <6 45t075 <0.8 809
2N4416A TO-72 35 10 5t0 15 25t06 45t075 <0.8 809
2N5484 SOT54 25 10 1to5 03t03 3 <1 825
2N5485 SOT54 25 10 41010 05t04 35 <1 825
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Smali-signal Field-effect Transistors

Selection guide

N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTORS (continued)

CHARACTERISTICS
PE +V
NJITIIBER PACKAGE (V';s la mirIaD-s;ax “Vipes L{ ::I C. | PAGE
(mA) (mA) V) mS) (pF)
2N5486 SOT54 25 10 8to 20 2to 6 4 <1 825
Broadband amplifier up to 300 MHz and differential amplifier
BFW10 TO-72 30 10 8to 20 <8 351t06.5 0.6 313
BFW11 TO-72 30 10 4t0 10 <6 31t06.5 0.6 313
Low current, low voltage applications
BFW12 TO-72 30 5 1to5 <2.5 2 0.8 325
BFW13 TO-72 30 5 02to1.5 <12 1 0.8 325
Note
1. Asymmetrical.
N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTORS FOR SWITCHING
RATINGS CHARACTERISTICS
TYPE 1 -V
NumBeR | PACKASE | Vos | le | ma) V| oo | . | o | e | PAGE
W) | (mA) min. { max. [ min. | max.| @) | (PF) | (ns) (ns)
BSR56 SOT23 40 50 50 - 4 10 25 - 9 25 537
BSR57 SOT23 40 50 20 100 |2 6 40 5 10 50 537
BSR58 SOT23 40 50 8 80 0.8 4 60 - 20 100 537
BSV78 TO-18 40 50 50 - 375 |11 25 - 10 10 651
BSV79 TO-18 40 50 20 - 2 7 40 5 18 16 651
BSV80 TO-18 40 50 10 - 1 5 60 - 30 32 651
J108 TO-92 25 50 (80 |- 3 10 |8 15 typ.4 [typ.6 664
J109 TO-92 25 50 40 - 2 6 12 15 typ.4 |typ.6 664
J110 TO-92 25 50 10 - 0.5 18 15 typ. 4 typ. 6 664
J111 TO-92 40 50 20 |- 3 10 |30 typ. 3 |typ. 13 |typ.35 | 668
J112 TO-92 40 50 |5 - 1 5 50 typ.3 [typ. 13 [typ.35 | 668
J113 TO-92 40 50 |2 - 05 |3 100 typ.3 |typ. 13 [typ.35 | 668
PMBF4391 | SOT23 40 50 50 150 |4 10 30 - 15 20 729
PMBF4392 [ SOT23 40 50 25 75 2 5 60 3.5 15 35 729
PMBF4393 | SOT23 40 50 5 30 0.5 3 100 - 15 50 729
PMBFJ108 | SOT23 25 50 80 - 3 10 8 15 typ.4 |typ.6 746
PMBFJ109 | SOT23 25 50 40 |- 2 6 12 15 typ.4 |typ.6 746
PMBFJ110 | SOT23 25 50 10 - 0.5 4 18 15 typ.4 |typ.6 746
PMBFJ111 |SOT23 40 50 |20 |- 3 10 |30 typ. 3 [typ. 13 |typ.35 | 750
PMBFJ112 |SOT23 40 50 5 - 1 5 50 typ. 3 |typ. 13 |typ.35 | 750
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Philips Semiconductors

Small-signal Field-effect Transistors

Selection guide

N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTORS FOR SWITCHING (continued)

RATINGS CHARACTERISTICS
TYPE 1 Y
NumBeR | PACKAGE | vos | 1o (mA) W) | oson | Pre | pen | ot | PAGE
O | e Tmax, | min [max.| @ | ®F) | ®s) | (s
PMBFJ113 | SOT23 4 |50 |2 [- o5 [3 100  |typ.3 |typ. 13 |typ.35 | 750
PN4391 TO-92 var. |40 50 50 150 |4 10 30 5 15 20 769
PN4392 TO-92 var. |40 50 25 100 |2 5 60 5 15 35 769
PN4393 TO-92 var. |40 50 5 60 0.5 3 100 5 15 50 769
PZFJ108 |SOT223 |25 |50 |80 |- |3 10 |8 15 |typ.4 |typ.6 779
PZFJ109 S0T223 25 50 40 - 2 6 12 15 typ. 4 typ. 6 779
PZFJ110 S0OT223 25 50 10 - 0.5 4 18 15 typ. 4 typ. 6 779
2N4091 TO-18 40 10 30 - 5 10 30 5 25 40 795
2N4092 TO-18 40 10 15 - 2 7 50 5 35 60 795
2N4093 TO-18 40 10 8 - 1 5 80 5 60 80 795
2N4391 TO-18 50 50 50 150 |4 10 30 35 15 20 805
2N4392 TO-18 50 50 25 75 2 5 60 3.5 15 35 805
2N4393 TO-18 50 50 5 30 0.5 3 100 3.5 15 50 805
2N4856 TO-18 40 50 50 - 4 10 25 8 9 25 815
2N4857 TO-18 40 50 20 100 |2 6 40 8 10 50 815
2N4858 TO-18 40 50 8 80 0.8 4 60 8 20 100 815
2N4859 TO-18 30 50 50 - 4 10 25 8 9 25 815
2N4860 TO-18 30 50 20 100 |2 6 40 8 10 50 815
2N4861 TO-18 30 50 8 80 0.8 4 60 8 20 100 815

April 1995
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Philips Semiconductors

Small-signal Field-effect Transistors

Selection guide

P-CHANNEL JUNCTION FIELD-EFFECT TRANSISTORS FOR SWITCHING

RATINGS CHARACTERISTICS
TYPE I -V
NumBeR | PACKAGE Vos | lo (MA) W ?::;f‘ ;{: t:,",','_ t:,°,','_ PAGE
V) | (mA) min. | max. | min. [max.| (@) | (PF) | (ns) | (ns)
J174 TO-92 30 50 20 135 |5 10 85 4 7 15 671
J175 TO-92 30 50 7 70 3 6 125 4 15 30 671
J176 TO-92 30 50 2 35 1 4 250 4 35 35 671
J177 TO-92 30 50 1.5 |20 0.8 |2.25 |300 4 45 40 671
PMBFJ174 | SOT23 30 50 20 135 |5 10 85 4 7 15 755
PMBFJ175 | SOT23 30 50 7 70 3 6 125 4 15 30 755
PMBFJ176 | SOT23 30 50 2 35 1 4 250 4 35 35 755
PMBFJ177 | SOT23 30 50 1.5 20 0.8 2.25 |300 4 45 40 755
N-CHANNEL, SINGLE GATE MOS-FETS FOR SWITCHING
RATINGS CHARACTERISTICS
-V
N JI\YII';I;:ER ENVELOPE | v, I (Ir[r)\is) ((";;Gs Roson | Sres | fonftot | PAGE
) (mA) note 1 MODE | max. |typ.| max.
- - Q) [(PF)| (ns)
min. | max. | min. | max.
BFR29 TO-72 30 @ 20 10 40 0.5 35 depl. |- 04 |- 277
BSD12 TO-72 20 50 - - - 2 depl. 30 0.6 |1/5 359
BSD22 SOT143 20 50 - - - 2 depl. |30 0.6 |1/5 363
BSD212 |TO-72 10 50 - - 0.1 2 enh. 70 0.6 |1/5 367
BSD213 |TO-72 10 50 - - 0.1 2 enh. 70 0.6 |1/5 367
BSD214 |TO-72 20 50 - - 0.1 2 enh. 70 0.6 |1/5 367
BSD215 |TO-72 20 50 - - 0.1 2 enh. 70 0.6 |1/5 367
BSS83 SOT143 10 50 - - 0.1 2 enh. 45 06 |1/5 541
BSV81 TO-72 30@ 25 - - - - depl. |100 05 |- 659
Notes
1. Enhancement types Vgsitn)-
2. Vps/Vsp.
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Philips Semiconductors

Small-signal Field-effect Transistors

Selection guide

N-CHANNEL, DUAL GATE MOS-FETS
All types protected against excessive input voltage surges.

RATINGS CHARACTERISTICS
TYPE | ENVELOPE | y | ;"’Iff ~Viyas | lvisl | Cis | Cos | F | REMARKS | PAGE
NUMBER (";;5 (mDA) max V) min. | typ. | typ. | typ.
. note 1 (mS) | (pF) | (pF) | (dB)
(mA)

BF901 SOT143 12 |30 |- 0.7 25 235 |12 |1.7 |VHF & UHF 147
BF901R SOT143R 12 |30 |- 0.7 25 235 (1.2 1.7 |VHF & UHF 147
BF904 SOT143 7 30 |- 1.8 22 22 |13 |2 VHF & UHF 150
BF904R SOT143R 7 30 |- 1.8 22 22 |13 |2 VHF & UHF 150
BF904WR | SOT343R 7 30 |- 1.8 22 22 |13 |2 VHF & UHF 159
BF908 SOT143 12 |40 |[3to27 |2 36 3.1 |17 |15 |VHF & UHF 168
BF908R SOT143R 12 |40 |[3t027 |2 36 31 |17 |15 |VHF & UHF 168
BF908BWR | SOT343R 12 |40 |3t027 |2 36 31 |17 |15 |VHF & UHF 174
BF909 SOT143 7 40 - 1 36 36 |23 |2 VHF & UHF 178
BF909R SOT143R 7 40 |- 1 36 36 |23 |2 VHF & UHF 178
BF909WR | SOT343R 7 40 - 1 36 36 |23 |2 VHF & UHF 186
BF989 SOT143 20 20 2-20 27 9.5 18 |09 |28 |UHF 195
BF990A SOT143 18 30 - 1.3 18 26 |12 |28 |UHF 199
BF990AR | SOT143R 18 |30 |- 1.3 18 - 1.2 |2 UHF 203
BF991 SOT143 20 20 4-25 2.5 10 21 1.1 0.7 |VHF 205
BF992 SO0T143 20 |40 |- 1.3 20 4 2 1.2 |VHF 209
BF992R SOT143R 20 |40 |- 1.3 20 - 2 1.2 |VHF 215
BF994S SOT143 20 |30 |[4to 20 |25 15 25 |1 1 VHF 217
BF996S SOT143 20 30 4t0 20 |25 15 23 |0.8 1.8 |UHF 221
BF997 SOT143 20 |30 |4to 20 |25 15 25 |1 1 VHF 225
BF998 SOT143 12 30 2to18 |25 21 2.1 1.05 |1 VHF & UHF 228
BF998R SOT143R 12 30 2to18 |25 21 241 1.05 |1 VHF & UHF 237
BF998WR | SOT343R 12 |30 |2to18 |25 22 21 ]1.05 |1 VHF & UHF 246
BF1100 SOT143 14 |30 |- 1 24 22 |14 |2 VHF & UHF 254
BF1100R SOT143R 14 |30 |- 1 24 22 |14 |2 VHF & UHF 254
BF1100WR | SOT343R 14 |30 |- 1 24 22 |14 |2 VHF & UHF 265

Note

1. Enhancement types Vas(th).-
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Philips Semiconductors

Small-signal Field-effect Transistors

Selection guide

N-CHANNEL VERTICAL D-MOS-FETS FOR SWITCHING

Total power dissipation (Py;) measured at Tamy, = 25 °C, unless otherwise specified.

RATINGS CHARACTERISTICS
Ntm;in ENVELOPE | vps | Ib | Pt | Vasm R('ﬁ;n atlp vaets t:n"a’:;" PAGE
(V) | (mA)| (mW) V) typ. | max, (mA) V) (ns)
BS107 TO92var. |200 |120 [500 typ.1.8 |15 |28 |20 |26 [|10/10 | 334
BS107A TO92var. |200 |250 |600 Tto 3 |45 |64 |250 |10 |55 341
BS108 TO-92var. |200 |250 |1000 |04to18|5 |8 |100 |28 |10/30 | 3aa
BS170 TO92var. |60 |500 |830 08t03 |25 |5 |200 [10 [10/10 | 347
BSD254 TO-92var. |250 |200 |850 06to1.4 |- |12 |250 |5  [10530 | a71
BSD254A | TO-92var. |250 |200 |850 06to14|- |12 |250 |5 [10/530 | 371
BSD254AR | TO-92var. |250 |200 |850 06to14|- |12 |250 |5  [10/30 | 871
BSN10 TO-92var. |50 |175 |830 04t018 |14 |20 |100 |5 |50 377
BSN10A TO-92var. |50 |175 |830 0.4t018 |14 |20 |100 |5 |50 377
BSN20 SoT23 50 |100 |250 04101814 |20 [100 |5 |5/0 381
BSN204 TO-92 200 |250 |1000 |04t01.8(5 |8  [100 |28 |10/30 | 385
BSN204A | TO-92 200 |250 [1000 |04t018|5 |8  |100 |28 |10530 | 385
BSN205 TO-92var. |200 |300 |1000  |0.8t028 |45 |6  |400 |10 [10/20 | 389
BSN205A | TO-92var. |200 |300 |1000  |0.8t028 |45 |6  |400 |10 |10/20 | 389
BSN254 TO-92var. |250 |300 |1000  |08t022 |45 |10 |20 |24 |1030 | 393
BSN254A  |TO-92var.  |250 |300 |1000 |08t0o22 |45 |10 |20 |24 |10/30 | 393
BSN274 TO-92var. |270 |250 [1000 |0.8to2 |65 |14 |20 |24 |10/30 | 397
BSN274A | TO-92var.  |270 |250 |1000 |08to2 |65 |14 |20 |24 |10/30 | 897
BSN304 TO-92var. |300 |250 [1000 |0.8to2 |7.9 |14 |20 |24 [10/30 | 402
BSN304A  |TO-92var.  |300 |250 |1000  |08to2 |79 |14 |20 |24 |10/30 | 402
BSP89 SOT223 240 |350 |1500 |0.8to2 |4 |6  |340 |10 |10/30 | 408
BSP100 SOT223 30 |3500 1650  |1t028 |0.08 |01 |2200 |10 |40/75 | 414
BSP106 SOT223 60 |425 |1500 |0.8t03 |25 |4 |200 |10 |55 420
BSP107 SOT223 200 |200 |1500 |0.8to24 |20 |28 |20 |26 |10720 | 426
BSP108 SOT223 80 |500 |1500 |15t035|2 |3  |500 |10 |8&/15 433
BSP110 SOT223 80 |325 |1500 |08t028|7 |10 |150 |5 |50 437
BSP120 SOT223 200 |250 |1500 |0.8t028|7 |12 |250 |10 |e/20 441
BSP121 SOT223 200 |350 |1500 |0.8t02.8 |45 |6  |400 |10 |10/20 | 445
BSP122 SOT223 200 |550 |1500 |04t02 |16 |25 |750 |10 |[35/50 | 450
BSP124 SOT223 250 |250 |1500  |06to1.4|- |12 |250 |5  |10/30 | 452
BSP126 SOT223 250 |350 |1500 |08to2 |5 |10 |20 |24 |10/30 | 459
BSP127 SOT223 270 |350 |1500 |08to2 |65 |8  |250 |10 |10/30 | 464
BSP128 SOT223 200 350 |1500 |04t018|5 |8  |100 |28 [10/30 | 466
BSP130 SOT223 300 |300 |1500 |08to2 |67 |8  |250 |10 |10/30 | 468
BSP145 SOT223 450 |250 |1500 |2to4 |10 |14 [100 |10 |10/100 | 474
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Philips Semiconductors

Small-signal Field-effect Transistors

Selection guide

N-CHANNEL VERTICAL D-MOS-FETS FOR SWITCHING (continued)

RATINGS CHARACTERISTICS
NJRYA';EER ENVELOPE | vps | 1p Ptot Vasith) R?é;m atlp Vzts t::::? PAGE
V) | (mA)| (mw) V) e, | max. (mA) v | ms)
BSP152 SOT223 200 |550 [1500 151035 |- 25 |[750 [10 |[15/30 480
BSS87 SOT89 200 |280 {1000 08t028 45 |6 400 |10 |10/25 551
BSS88 TO-92var. [230 250 [1000 0.4t01.2 (5 8 150 |5 10/30 554
BSS89 TO-92var. [200 |300 {1000 08t028[45 |6 400 |10 |- 557
BSS91 TO-18 200 |350 [150000 |0.8t02.8 45 |6 400 |10 |15/25 561
BSS100 TO-92var. |100 |250 |830 0.8t02.8 |3 6 120 [10 [10/20 568
BSS123 SOT23 100 |150 [250 0.8t02.8 |3 6 120 [10 [10/20 577
BSS131 SOT23 240 [100 [360 0.8t02.8 |- 16 |100 |10 [10/20 | 581
BSS138 SOT23 50 |200 |360 05t01.5 |2 35 |200 |5 16/40@ | 584
BST70A TO-92var. |80 |500 |1000 151035 |2 4 500 |10 [10/15 593
BST72A TO-92var. |80 [300 [830 151t3.5|7 10 |150 |5 10/10 597
BST74A TO-92var. [200 [300 {1000 0.8t02.8 |6 12 |[250 |10 |10/25 601
BST76A TO-92var. [180 |300 {1000 07102.7 |7 10 (15 |3 10/15 605
BST78 TO-126 450 |750 |150001) [2to4 10 |14 |100 |10 |107100 | 609
BST80 SOT89 80 [500 [1000 15103.5 |2 4 500 |10 [10/15 613
BST82 SOT23 80 |175 [300 151035 |7 10 |150 |5 10/10 617
BST84 SOT89 200 [250 |1000 0.8t02.8 |6 12 |250 [10 [10/25 621
BST86 SOT89 180 [300 |[1000 0.7t02.7 |7 10 [15 |3 10/15 625
BST124 TO-126 250 |450 |6000 141006 |- 12 |250 |5 10/30 644
PHN205 SO8 (SOT96) [20 | 4800 |1300 1.0102.8 |- 0.05 [4400 [10 |[tb.f. 693
PHN110 SO8 (SOT96) [30 | 3500 |1300 1.0t02.8 0.08 [0.1 [2200 [10 [40/140 | 696
PHN210@4  [S08 (SOT96) [30 [3500 |1300 1.0t02.8 |0.08 |0.1 [2200 [10 [40/140 | 700
PHC21025(5) | SO8 (SOT96) 684
PMBF107 SOT23 200 [100 |250 08t02.4 (20 (28 [20 |26 [10/20 719
PMBF170 SOT23 60 |250 {300 0.8t03 (25 |5 200 (10 |10/15 725
VN2406L TO-92var. |240 [210 [1000 08t02 |- 6 500 |10 [10/30 783
VN2410L TO-92var. [240 [150 |1000 08t02 |- 10 [100 |25 [10/30 789
2N7000 TO-92var. |60 [280 |830 08t03 (35 [53 |75 |45 [10/10 832
2N7002 SOT23 60 |180 |300 08t03 (35 [53 (75 |45 [10/15 838
Notes

1. Pyotmeasured at Tgage = 25 °C.

a0
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Typical values.
Piot measured at Tpy, = 75 °C.
Double DMOS.
Double DMOS complementary N and P channels; for N channel see PHN210, for P channel see PHP225.

15




Philips Semiconductors

Small-signal Field-effect Transistors

Selection guide

P-CHANNEL VERTICAL D-MOS-FETS FOR SWITCHING
Ptot measured at Ty = 25 °C.

RATINGS CHARACTERISTICS
NR";'ER ENVELOPE | voe | 1o | Pux | Vosn R('g;n atlp |\ ton/tott | PAGE
V) | mA) | mw) [ (V) ma) | &5 | M
typ. | max. V) (ns)

BS208 TO-92var. |200 |200 |830 |08to28|10 |14 |200 |10 |10/30 350
BS250 TO-92var. |45 |250 |830 [13to5 |9 14 |200 |10 |4/10 355
BSP92 SOT223 240 [180 [1500 |0.8to1.8[12 |20 |180 |10 |10/30 411
BSP204 TO-92var. |200 |250 |1000 |08to28[10 |15 |200 |10 |10/30 486
BSP204A  |TO-92var. |200 |250 |1000 |08to28|10 |15 |200 |10 |10/30 486
BSP205 SOT223 60 |275 |[1500 |15t035(75 |10 |200 |10 |6/15 493
BSP206 SOT223 60 |350 |1500 |15t035|45 |6 200 |10 |e/25 497
BSP220 SOT223 200 |225 [1500 |0.8t02.8|10 |12 |200 |10 |20/30 501
BSP225 SOT223 250 |225 [1500 |0.8t02.8[|10 |15 |200 |10 |10/30 507
BSP230 SOT223 200 |550 |1500 |1.5t03.5 |- 25 |750 |10 |15/30 513
BSP250 SOT223 30 |3000 [1650 |1t02.8 |0.22 |0.25 |1000 |10 |80/140 | 519
BSP254 TO-92var. 250 |200 |1000 |08to2.8|10 |15 |200 |10 |10/30 525
BSP254A  |TO-92var. |250 |200 |1000 |08t028|10 |15 |200 |10 |10/30 525
BSP304 SOT223 200 550 |1500 |1.5t03.5 |- 25 |170 [10 |15/30 530
BSS84 SOT23 50 |130 |250 |o0.8to2 |6 10 |130 |10 |am® 545
BSS92 TO-92var. |200 |250 |1000 |08to28|10 |20 |100 |10 |10/30 565
BSS110 TO-92var. |50 |170 |830 [08to2 |6 100|170 |10 [am® 572
BSS192 SOT89 200 |150 |1000 |0.8t02.8|10 |20 |100 |10 |10/30 587
BST100 TO-92var. |60 |300 |1000 |15t035|45 |6 200 |10 |4/20 629
BST110 TO-92var. |50 |300 |830 |15t035|75 |10 |200 |10 |4/20 633
BST120 SOT89 60 |300 |1000 |15t035|45 |6 200 |10  |4/20 637
BST122 SOT89 50 |250 [1000 |15t035|75 |10 |200 |10 |4/20 641
PHP112 SO8 (SOT96) |20  |3100 |1300 |1.0t02.8 |- 012 |2000 |10  |tbif. 706
PHP125 SO8 (SOT96) [30  |2300 [1300 |1.0t02.8|0.22 |0.25 [1000 |10 |80/140 | 709
PHP225@ | S08(SOT96) |30 |2300 |1300 |1.0t02.8|0.22 |0.25 |1000 |10 |80/140 | 712
PHC21025(@) | SO8 (SOT96) 684
Notes

1. Typical values.
2. Double DMOS.

3. Double DMOS complementary N and P channels; for N channel see PHN210, for P channel see PHP225.
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L

Small-signal Field-effect Transistors Marking codes
L __________________________________________________________________ ]

Types in SOT23, SOT89, SOT143 and SOT343 envelopes are marked with a code as listed in the following tables.

MARKING MARKING MARKING
TYPE NUMBER CODE TYPE NUMBER CODE TYPE NUMBER CODE
BF510 S6p BF994S MGp BST120 LM
BF511 S7p BF996S MHp BST122 LN
BF512 S8p BF997 MKp PMBF107 pKz
BF513 S9p BF998 MOp PMBF170 pKX
BF545A M65 BF998R MOp PMBF4391 p6J
BF545B M66 BF998WR MB PMBF4392 p6K
BF545C M67 BF1100 M56 PMBF4393 p6G
BF556A M84 BF1100R M57 PMBF4416 p6A
BF556B M85 BF1100WR MF PMBF4416A M16
BF556C M86 BFR30 Mip PMBF5484 p6B
BF861A M33 BFR31 M2p PMBF5485 p6M
BF861B M34 BFR200 M20 PMBF5486 p6H
BF861C M35 BSD22 M32 PMBFJ108 po8
BF901 MO1 BSN20 M8p PMBFJ109 p09
BF901R M02 BSN22 M18 PMBFJ110 p10
BF904 Mo4 BSR56 Mdp PMBFJ111 p11
BF904R MO06 BSR57 M5p PMBFJ112 p12
BF904WR MC BSR58 Mép PMBFJ113 p13
BF908 M26 BSS83 M74 PMBFJ174 p6X
BF908R M27 BSS84 Sp PMBFJ175 peW
BF908WR MD BSS87 KA PMBFJ176 p6S
BF909 M28 BSS123 SAp PMBFJ177 p6Y
BF909R M29 BSS131 SR PMBFJ210 M68
BF989 MAp BSS138 ss PMBFJ211 M69
BF990A M87 BSS192 KB PMBFJ212 M70
BF990AR M85 BST80 KM PMBFJ308 M08
BF991 Mo1 BST82 02p PMBFJ309 M09
BF992 M2 BST84 KN PMBFJ310 M10
BF992R M52 BST86 KO 2N7002 702
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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 MDAQ. 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:

e 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 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

damanatratad hu manu Niialihy Awarde arantad by ninr
UTHiurniouaicu vy ilidily Wwudiily Avwaius yraiicu vy ifiqajui

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 1 to 1.3 eV

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 Ry j.mb < 15 K/W.
A diode; signal, low power

diode; variable capacitance

transistor; low power, audio frequency

transistor; power, audio frequency

diode; tunnel

transistor; low power, high frequency

O Mmoo w

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

v Z2r I

radiation detector; e.g. high sensitivity
photo-transistor; with special third letter

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

(s}

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

()

transistor; low power, switching

controi or switching device; e.qg. thyristor, iow 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 <XzsC

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 conductance (real part of an admittance)

H, h hybrid parameter

i
L
Pp
R, r
V,v
X, x
Yv y
Z,z

current

inductance

power

resistance (real part of an impedance)
voltage

reactance (imaginary part of an impedance)
admittance

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

Upper-case subscripts are used for the indication of:
¢ continuous (DC) values (without signal), e.g. Ip
instantaneous total values, e.g. ip

e average total values, e.g. Ip(av)

¢ peak total values, e.g. Ipm

e root-mean-square total values, e.g. Iprus).

Lower-case subscripts are used for the indication of values
applying to the varying component alone:

» instantaneous values, e.g. i,

e root-mean-square values, e.g. lqgms)

e peak values, e.g. lgm

¢ average values, e.g. lq(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, 9 gate

H holding

h heatsink

li 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 third subscript: the terminal not

mentioned is open-circuit

1995 Apr 27

General
(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, ip, id, ldm-

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-

SUPPLY VOLTAGES OR CURRENTS

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

Examples: Vpp, Iss.
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A reference terminal is indicated by a third subscript.

Example: Vpps.

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:

lg2 continuous (DC) current flowing into the
second gate terminal

Va2-s continuous (DC) voltage between the

terminals of second gate and source.

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:

lop continuous (DC) current flowing into the drain
terminal of the second unit

V1D.2|) 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)

Rps DC value of the drain-source 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.
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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

Z=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 hy1), ho (or h2a), hy (or hzy), he (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: hge (Or ha1e), heg (OF ha21g).

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; + jX;, Yie = Jfe + jbte-

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

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

Im (hyp) etc. for the imaginary part of hp.
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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 Sz, of a two-port
network (see Fig.1).

ay—» —=bp
S11 S22
b1« -—a3
D.UT. MLB335
Fig.1 Two-port network with reflection
coefficients S11 and S22.
b, =8,;-a,+S,,-a, 1)
b, = Spy-a,+S,-a, @)
where:
1 . . .
a, = - (Vy+Z,-i,) = signalinto port 1 3
IR (V4+2Z,-iy) = sig p &)
1 . . .
a, = -(V,+Z_-i,) = signalinto port 2
2 2.A/Z—° 2 o 2 g p
1 . .
b, = - (V,+2Z_-i,) = signal out port 1
1 2‘«/2—0 Vy+2Z,- 4 g p (4)
b, = LI (Vy+Z,-i,) = signal outport2

2. [z,

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

b
S,,=la,=0 5
1 a1 2 ()
s22=;a,=o (6)
2

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)).
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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 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 source.
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Fig.2 TO-92 transistors on tape.
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Table 1 Tape specification (TO-92 leaded types)
SPECIFICATIONS
SYMBOL DIMENSION REMARKS
MIN. | NOM. | MAX. TOL. UNIT
A4 body width 4 - 4.8 - mm
A body height 4.8 - 5.2 - 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
Py 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
Wy hold-down tape width - 6 - +0.2 mm
Wi hole position - 9 - +0.7/-0.5 | mm
Ws hoid-down tape position - 0.5 - +0.2 mm
Ho lead wire clinch height - 165 |- +0.5 mm
H4 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=031t00.6
F1, F2 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

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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Bulk packing

In addition to TO-92 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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Fig.3 Dimensions of reel and box.
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Fig.4 Joining tape with splicing patch.
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(1) Terminal dimensions within this zone are uncontrolled to allow for flow of plastic and terminal irregularities.

Fig.5 TO-92 with straight leads.
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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.6 TO-92 with delta pinning.
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Packing SMD types
Table 2 Packing quantities per reel (SMD types)
PACKAGE 180 mm REEL | 330 mm REEL

SOT23 3000 10000
SOT89 1000 4000
SOT143 3000 10000
SOT143R 3000 10000
SOT223 1000 4000
SOT343 3000 10000
SOT343R 3000 10000
SO8 (SOT96) 1000 2500

Table 3 Packing quantities per tube (SMD types)

PACKAGE SPQ PQ
S08 (SOT96) 100 2000
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For dimensions see Table 5.
(1) Tolerance over any 10 pitches: £0.2 mm.

Fig.7 Specification for 8 mm tape (SOT23, SOT143, SOT143R, SOT343 and SOT343R).
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(1) Tolerance over any 10 pitches: £0.2 mm.

Fig.8 Specification for 12 mm tape (SOT89).
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For dimensions see Table 5.

(1) Tolerance over any 10 pitches: 0.2 mm.

Fig.9 Specification for 12 mm tape (SOT96).
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(1) Tolerance ove any 10 pitches: £0.2 mm.

Fig.10 Specification for 12 mm tape (SOT223).

Table 4 Carrier tape widths for packages

CARRIER TAPE
8 mm 12mm
SOT23 SOT89
SOT143(R) SOT223
SOT343(R) SOT96 (S08)

1995 Apr 27 34



Philips Semiconductors

Small-signal Field-effect Transistors General

Table 5 SMD packages: tape dimensions (in mm)

DI.MENSK)N CARRIER TAPE TOLERANCE
(Figs 7 to 10) 8 mm 12 mm

Overall dimensions

w 8.0 12.0 +0.2

K <15 <24 -

G >0.75 >0.75 -

Sprocket holes; note 1

Do 1.5 1.5 +0.1/-0

E 1.75 1.75 $0.1

Po 4.0 4.0 +0.1

Relative placement compartment

P2 2.0 2.0 0.1

F 3.5 5.5 +0.05

Compartment

Ao

Bo Corppartment dimensions_ 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 -

P 4.0 8.0 +0.1

0 <15° <15° -

Cover tape; note 2

W, <5.4 <9.5 -

Ty <0.1 <0.1 -

Carrier tape

w 8.0 12.0 0.2

T <0.2 <0.2 -

) <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 6.
Fig.11 Reel specification
Table 6 Reel dimensions (in mm)
DIMENSION (see Fig.11) 8 mm TAPE 12 mm TAPE TOLERANCE
Flange
A 180 (1) — 286 or 330 180 or 330 0.5
t 1.5 1.5 +0.5/-0.1
W 8.4 12.4 18.0+0.2
Hub
B 62 62 +1.5
C 12.75 12.75 +0.15/-0.2
Key slot
E 2 2 +0.2
U 4 4 0.5
o 120° 120° -
Note

1. Large reel diameter depends on individual package (286 or 350).
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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 thatis 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 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 12 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.13. 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.14.

MBC938

s " L
0 50 100 150 (s) 200

Fig.12 Theoretical time / temperature curve fora
typical thermal conductive reflow cycle.

MBC937
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(°c) 759/
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Fig.13 Typical temperature profile of an
infrared oven operating at a belt speed
of 0.41 mm/ min.
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soldering zone soldering zone

Fig.14 Theorectical 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
suited to low volume production. An advantage is the
flexibility provided by computer programmability.
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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:

o 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

o 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.

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.
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SOLDERING

Wave soldering is usually the best method to use when
high throughput rates are required. The single-wave
soldering principle (see Fig.15) 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.16), 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 17 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.15 Single wave soldering principle.

board travel

MBC934
solder

Fig.16 Dual wave soldering principle.
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Footprint design

The footprint design of a component for surface mounting
is influenced by many factors:

MBC336
300 o features of the component, its dimensions and
(°1<;:) tolerances
250 e circuit board manufacturing processes
lA ¢ desired component density
200 200K \ /1 Kis * minimum spacing between components
S - . .
150 R \ e circuit tracks under the component
J ~ e component orientation (if wave soldering)
100 ¢ positional accuracy of solder resist to solder lands
 positional accuracy of solder paste to solder lands
50 L (if reflow soldering)
— e component placement accuracy
o .
o 50 100 me (g 150 ¢ soldering process parameters

solder joint reliability parameters.

Fig.17 Typical time-temperature curve measured
at the soldering site.
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SOT23 FOOTPRINTS
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Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.18 Reflow soldering footprint for SOT23; typical dimensions.
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Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.19 Wave soldering footprint for SOT23; typical dimensions.
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SOT143/SOT143R FOOTPRINTS

V7] solderlands

7777 solder resist

0.60 0.50
(3x) (3x]

U — 73 occupied area

B2 solder paste

Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.20 Reflow soldering footprint for SOT143; typical dimensions.
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Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.21 Wave soldering footprint for SOT143; typical dimensions.
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SOT89 FOOTPRINTS
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Placement accuracy: +0.25 mm.
Fig.22 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.23 Wave soldering footprint for SOT89: typical dimensions.
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SOT233 FOOTPRINTS

Dimensions in mm.
Placement accuracy: 10.25 mm.

Fig.24 Reflow soldering footprint for SOT223; typical dimensions.
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preferred transport direction during soldering

Dimensions in mm.
Placement accuracy: +0.25 mm.
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Fig.25 Wave soldering footprint for SOT223; typical dimensions.
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SOT343 FOOTPRINTS

V77777] solder lands

T"777] solder resist

L _— 7] occupied area

B2 solder paste

Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.26 Reflow soldering footprint for SOT343; typical dimensions.
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preferred transport direction during soldering

Dimensions in mm,
Placement accuracy: +0.25 mm.

Fig.27 Wave soldering footprint for SOT343; typical dimensions.
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SOT96 (SO8) FOOTPRINTS
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U~ Z 7] occupied area

Dimensions in mm.
Placement accuracy: 10.25 mm.

Fig.28 Reflow soldering footprint for SOT96 (SO8); typical dimensions.
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Dimensions in mm.
Placement accuracy: +0.25 mm.

Fig.29 Wave soldering footprint for SOT96 (SO8); typical dimensions.
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Hand soldering microminiature components

Itis 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.

the component cannot be positioned accurately and the
connecting tags may come into contact with the
substrate and damage it.

there is a risk of breaking the substrate and internal
connections in the component could be damaged.

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
about some reference point, normally an ambient
temperature of 25 °C in still air. The size of the increase in
temperature depends on the amount of power dissipated
in the circuit and the net thermal resistance between the
heat source and the reference point.

Devices lose most of their heat by conduction when
mounted on a a printed board, a substrate or heatsink.
Referring to Fig.30 (for surface mounted devices mounted
on a substrate), heat conducts from its source (the
junction) via the package leads and soldered connections
to the substrate. Some heat radiates from the package into
the surrounding air where it is dispersed by convection or
by forced cooling air. Heat that radiates from the substrate
is dispersed in the same way.
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The elements of thermal resistance shown in Fig.31 are
defined as follows:

Rinjmp thermal resistance from junction to mounting
base

Rnjc  thermal resistance from junction to case

Rinjs  thermal resistance from junction to soldering
point

Rins-a thermal resistance from soldering point to
ambient

Rihca thermal resistance from case to ambient (R s.a
and Ry, ¢-a are the same for most packages)

Rinja  thermal resistance from junction to ambient.

The temperature at the junction depends on the ability of
the package and its mounting to transfer heat from the
junction region to the ambient environment. The basic
relationship between junction temperature and power
dissipation is:

Tj max = Tamb + Piot max (Rth s+ Rih s-a)
= Tamb + Ptot max (Rtn j-a)
where:
Timax is the maximum junction temperature
Tamb is the ambient temperature
Piot max  is the maximum power handling capability of the

device, including the effects of external loads
when applicable.

In the expression for Tjmax, only Tamb and Ry 5.4 can be
varied by the user. The package mounting technique and
the flow of cooling air are factors that affect Ry, s.a. The
device power dissipation can be controlled to a limited
extent but under recommended usage, the supply voltage
and circuit loading dictate a fixed power maximum. The
Rin js value is essentially independent of external
mounting method and cooling air; but is sensitive to the
materials used in the package construction, the die
bonding method and the die area, all of which are fixed.
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Values of Tjmax and Ry j.s, OF Rin j-c OF Rin j-a are given in
the device data sheets. For applications where the
temperature of the case is stabilized by a large or
temperature-controlied heatsink, the junction temperature
can be calculated from

Tj = Tcase + Ptot X Rth j-.c OF, using the soldering point
definition, from Tj = Tsolder + Ptot X Rm js

Thermal resistance (Ry, s.a and Ry c-a)

The thermal resistance from soldering point to ambient
(SMDs), and that from case to ambient depends on the
mounting technique, the shape and material of the tracks
and substrate. Standard mounting conditions to set the
maximum power ratings of the various packages are
shown in Figs 32 to 37. Each figure shows single-sided
35 um copper-clad epoxy fibre-glass print, 1.5 mm thick,
the tracks are fully solder-tinned and the shaded areas
shown are copper or ceramic (Al,Oz) 0.7 mm thick.

Rith s-a for SMDs mounted on ceramic substrate

The thermal resistance Ry 5.4 for devices in SOT23, 89,
143 and 223 packages mounted on ceramic substrate is a
function of the substrate area as shown in Fig.39.

The thermal resistance Ry, j.a can then be calculated by:
Rih j-a (substrate) = Ry j.a (PCB) — Rih 5o (PCB)

+ Rih s-a (Substrate)

The Ry s.a (PCB) is:

SOT23and 150 KW

SOT143
SOT89 140 KW
SO0T223 a function of pad area as shown in Fig.38.

Heat radiates from the package ‘1’ to ambient.
Heat conducts via leads ‘2', solder joints ‘3’ to the substrate ‘4'.

Fig.30 Heat losses.

Rthimb=Rthjc Rithjs
; soldering
__________ point or Rthj-a
case
Rth c-a
— — ambient— — — — !
MBB439

Fig.31 Representation of thermal resistance paths
of a device mounted on a substrate or
printed board.

Dimensions in mm.

Fig.32 Standard mounting conditions for SOT23. .
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Fig.33 Standard mounting conditions for SOT143. Fig.34 Standard mounting conditions for SOT89.
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MBE241

S

Dimensions in mm.

Fig.35 Standard mounting conditions for SOT54, higher dissipation option.
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Fig.36 Standard mounting conditions for SOT54.
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Fig.37 Standard mounting conditions for SOT223.
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Fig.38 Thermal resistance (R j.a) as a function
of FR4 epoxy fibre-glass circuit board.
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Fig.39 Thermal resistance (R s.a) as a function
of area of ceramic substrate.

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 40 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.
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The following precautions should be observed:

e 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.

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 sheuld be
packed in conductive or antistatic packing or carriers.
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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.

Al 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.

(1)
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Earthing rail.

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

Work bench.

Chair.

Wrist strap.

Electrical equipment.
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MLBo49

(9)

Fig.40 Protected work station.
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POWER/BATTERY SWITCHING USING VD-MOS-FETS

A Power switch can be used to disconnect a load during a
period of non use. The load may be anything from a light
bulb, an electronic valve, a stepper or brush motor to
electronic components in a lap top computer that is not in
use all the time. There is a choice between a low-side
switch (LSS) located between the load and the power
supply input, and a high-side switch (HSS), between the
load and the power supply return. With an LSS the control
is referenced to ground, whilst with an HSS the control is
referenced to Vpp (see Fig.1). This makes the control for
an HSS more complicated than for an LSS, and the design
is more expensive and has a higher risk.

For power switching purposes MOS-FETs have some
important advantages over bipolar transistors. Firstly they
are voltage controlled instead of current controlled, and
secondly they have no thermal runaway or secondary
breakdown. This is due to the fact that a MOS-FET has a
negative temperature coefficient of drain current, while a
bipolar transistor has a positive temperature coefficient of
collector current. Also the on-resistance of the FET can be
reduced simply by connecting two or more in parallel.

Although more expensive, an HSS may perform better
during fault conditions. The most probable fault that will
occur is a short from the output of the switch to ground.

Since most environments are connected to ground,
damage to the output wire of the switch may be sufficient
for an output short to ground to cause the load to remain
active. In the case of an HSS the short will be across the
load, thus preventing its activation.

Itis often required to control power switches from the
output of digital logic. The most common logic families use
levels of +2.4 V (TTL) or +5 V (CMOS). Figures 2 to 5
illustrate how to switch loads from these logic levels. In
Fig.2 the 2.4 volt gate drive will fully turn on a MOS-FET
with a gate-source threshold voltage (VGSy,) of less than
1.5 V. However, when using a FET with VGSy, of less than
3V (see Fig.3), a gate pull-up resistor connected to +5 V
is necessary to generate a full 5 volt swing from the TTL
output. Using CMOS levels makes life easier. Since these
levels equal the V+ and V- values, a MOS-FET is simply
chosen with a VGSy, somewhere between V+ and V-.

If the load is returned to ground, a P-channel FET is
recommended (see Fig.4), or N-channel (see Fig.5)
otherwise.

If the load is inductive, the use of a series gate resistor is
recommended, as the drain-gate capacitance of the FET
could couple inductive transients of the load back to the
delicate logic circuitry.

D

BATTERY

HIGH -SIDE
SWITCH

CTRL

LOW-SIDE
SWITCH

l

l LOAD I

Fig.1 Power/Battery switching using VD-MOS-FETs circuit diagram.

MGC450

1995 Apr 28



Philips Semiconductors

Small-signal Field-effect Transistors

Ideas for design

+24V

load

v,
TTL input GSth<1.5V

MGC444

Fig.2 Low threshold N-channel VD-MOS-FET
switching with TTL levels.

+5V +24V
4.7
KQ load

\'/
TTL input GSth<3V

Fig.3 Low threshold N-channel VD-MOS-FET
switching with TTL levels using a pull-up
resistor.

CMOS input

load

MGC447

Fig.4 P-channel VD-MOS-FET switching
with CMOS levels. ;

+24V

load

CMOS input

MGC446

Fig.5 N-channel VD-MOS-FET switching
with CMOS levels.
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DRIVERS FOR BRUSHLESS DC MOTORS

Brushless DC motors normally have a permanent magnet
rotor and a wire-wound stator. They are very efficient and
provide rapid acceleration, high speed, and smooth, quiet
operation. The current to the stator coils is switched
electronically as shown in Fig.6 and the switches are
arranged in a bridge configuration to allow current flow in
both directions.

In this example, the complementary P and N channel
VD-MOS-FETSs are shown, but it is also possible to use
only N channel switches, depending on the control
circuitry. The PHILIPS Integrated Circuit TDA5142T has
been chosen as the controller, and three of the PHC21025
MOS-FETSs (one 100 mQ N-channel and one 250 mQ
P-channel type in a SO8 package) as motor drivers. These
FETSs can drive motors that require currents of up to 4 A
(when soldering point temperature of drain pins does not
exceed 80 °C) with gate drive coming directly from the IC.

A characteristic of inductive loads (such as stator
windings) is the flyback energy that occurs when the drive
current through a winding is switched off. This energy
needs to be absorbed by the intrinsic source-drain diode

of the FET. The flyback current is equal to the motor
current, which is at a maximum during acceleration and
(active) braking. The flyback power is the product of both
this current and the forward voltage drop over the diode,
and of the duty cycle which in turn depends on the
inductance of the windings. This dissipation is a
substantial part of the total dissipation.

We can take a practical example and calculate the power
dissipation of the intrinsic diodes during flyback, and the
FETs when in the ‘on’ state.

Assume that we have a motor with 6000 rpm (100 rps) and
6 pole-pairs (600 ‘electrical’ rps). The period time for one
‘electrical revolution’ is 1.667 ms. In each ‘electrical
revolution’ all of the six FETs are switched, giving a
switching frequency of 3600 Hz. A FET is therefore
switching once every 278 ps, which is also the maximum
time that the diode can be conducting. The FETs
themselves are conducting at two periods, 278 us and
556 us, which is at a duty factor of 33%. The dissipation
per half bridge (per SO8) is: {0.33 x (Imotor)? X Rpsonp} +
{0.33 x (ImoToR)? x Rpsonn} + flybackp + flybacky.

PHC21025 PHC21025 PHC21025
VMOT VMOT VMOT
MOTOR
STATOR
PA PBo— PCo—
'—}_T '—J *‘J
._Ll el ney
NA NBo— NCo—
MGC448
GND GND GND

Fig.6 Drivers for brushless DC motors
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To calculate the dissipation during flyback for this
example, values of 2 Q for the ohmic resistance of the
windings, and 540 uH for the inductance have been
assumed. With a 12 V, 1 A motor, SPICE simulations
show that the dissipation in the diode during flyback starts
at 1.6 W at time zero, decreasing to 0 W after 60 pus. This
is repeated every 1.667 ms and gives an average
dissipation of 29 mW. The dissipation in the N-channel
FET is 33 mW and in the P-channel FET 83 mW. This
gives a total dissipation of 174 mW, of which 58 mW (33%)
is in the diodes and cannot be neglected.

During acceleration and (active) braking, the motor current
is much higher than during normal operation, and a current
limiter may be necessary. The circuit design must be
based on this higher current, because acceleration may
last for up to 10 or 15 seconds, long enough to heat up the
FETs. During flyback, not only is the current much higher
but it also lasts longer. In the simulation example, if the
motor current is increased to 3 A, the flyback will last for
120 ps. The diode forward voltage will also be higher at
this current level, and for one SO8 package the total
dissipation increased to 1.5 W.

SIREN DRIVER CIRCUIT FOR CAR ALARM

Figure 7 shows a siren driver circuit created with
VD-MOS-FETs. Power is supplied by a 12 V battery, and

the driver inputs are complementary pulse waveforms
from a microprocessor.

Chosen for our example are two BSN20 VD-MOS-FETs in
small SOT23 packages and two PHC21025, each
comprising two FETs in one SO8 package. In its minimum
configuration the circuit requires six components
(excluding the speaker) and its maximum configuration is
eight components. All components can be surface
mounted.

The two push-pull stages X2/X3 and X5/X6 drive the
speaker directly. Either X2 and X6 are conducting or X5
and X3, reversing the current through the speaker. Driver
stages X1 and X4 convert the 5§ V input swing from the
microprocessor to the 12 V switching level.

During microprocessor reset and with no alarm, both driver
input pins must have the same potential. (O or5V; 0V is
preferred). With the FETs X1 and X4 not conducting, the
gates of FETs X2, X3, X5 and X6 will be high, and X2 and
X5 will be conducting, resulting in no current through the
speaker. When driver inputs are pulsed (complementary),
almost the full 12 V is switched over the speaker (a little
less due to the on-resistance of the push-pull FETs

100 mQ N-channel and 250 mQ P-channel).

PHC21025 PHC21025
+12V
R1 R2
280 Q [I] 'j 280 Q
| H1\xs  xe (L] =
R3 [] R4
tional; tional
(optional) SPEAKER (o )
I 14 xs\4f=
— X1 X4
""‘_L BSN20 BSN20 _U—
0-5V 5-0V
pulse pulse

MGC449

Fig.7 Siren driver circuit for car alarm.
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When designing this siren driver circuit, take the following
into account. The BSN20 (X1 and X4) have an input
threshold between 0.4 and 1.8 V. The value of the pull-up
resistors R1 + R3 and R2 + R4 must be as small as
possible (but not less than 280 Q) to achieve the highest
possible switching speed, and to guarantee a voltage level
at the gates of X2 and X5 less than 0.8 V. R3 and R4 are
optional, but may be necessary to reduce high through-
current in the push-pull stages. When using these resistors
however, the gate voltage at X3 and X6 will not fully reduce
to 0.8 V, which can influence the on-resistance of these
FETs and consequently the dissipation when conducting.
When using R3 and R4, the values of R1 and R2 need to
be adjusted to maintain the 280 Q.

Concerning the dissipation in the push-pull stage, the
on-resistance of the FETs increases by a factor of 1.7
when operating at 150 °C junction temperature. For the
P-channel, which dissipates the most, this means that the
on-resistance increases to 425 mQ. If a 4 Q speaker is
used, the maximum current will be 2.6 A at 12 V. If the
pulse is symmetrical and the duty cycle is 50%, the
dissipation in the P-channel FET will be 1.45 W. Note that
the temperature at the soldering point of the drain pins
must not exceed 99 °C.

PRINTED CIRCUIT-BOARD HEATSINK AREA FOR
SURFACE MOUNT PACKAGES

When using surface mount components, it is not as easy
to dissipate heat in clip-on or bolt-on heatsinks than with
through-hole components. With surface mount
components, the conductive tracks or pads on the
printed-circuit board are often the only means to transfer
heat away from the component.

The amount of heat sink area required for the BSP100 type
in a SOT223 package can be calculated as follows. This
type has been selected as an example for a design that
uses a 100 mQ, N-channel VD-MOS-FET with an Ipg of
3 A. The maximum operating junction temperature of this
device is 150 °C. At this temperature, the on-resistance of
the FET increases with a factor of 1.7 and the power

dissipation in continuous use (duty factor 100%) is 1.53 W.

If the ambient temperature is 40 °C, then the total thermal
resistance (Ry,) requirement for FET and PCB) is:

(150 — 40)/1.53 = 72 K/W. The thermal resistance of the
FET itself is 10 K/W from junction to the soldering point of
the drain tab. Therefore the requirement for Rth of the
heatsink is 72 — 10 = 62 K/W.
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Figure 8 shows typical thermal resistance from soldering
point to ambient as a function of area of an epoxy printed-
circuit board. The drain tab of the SOT223 is soldered in
the centre of one of the sides (as shown in Fig.9). In this
example curve (1) shows a single-sided and unplated
copper pad area of 20 x 20 mm.

A similar calculation can be applied to the SO8 package.
Using the PHN210 as an example, we have two 100 mQ,
N-channel VD-MOS-FETs in one SO8 package. Taking
Ips = 2 A per FET and duty factor = 50%, the dissipation
per FET is 0.34 W and the total for both FETs is 0.68 W. If
the ambient temperature is 60 °C, then the total thermal
resistance (Ry,) requirement for FET and PCB is:

(150 — 60)/0.68 = 132 K/W. For the SO8 package the R,
from junction to the soldering point of the drain tab is

35 K/W, so the requirement for the heat sink thermal
resistance is 163 — 35 = 128 K/W. Referring again to
curve (1) in Fig.8, it can be seen that 50 mm? is required.

This example is true for both FETs dissipating equal
power. A suggested PCB design is shown in Fig.10. Here
the copper is divided into two 3.5 x 7 mm rectangular
portions which gives the required total heatsink area and
keeps the drain connections separated.

MBB446
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Fig.8 Thermal resistance as a function of pad area
of an epoxy printed-circuit board, for square,
horizontal PCB copper, no airflow.
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Fig.9 PCB heatsink area for SOT223 package.

Fig.10 PCB heatsink area for SO8 package.
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JFET CONSTANT-CURRENT SOURCES

The simplest JFET current source is shown in Fig.11.
The JFET has been selected rather than a MOS-FET
because it does not require gate bias (depletion mode).
The current will be reasonably constant for a Vpg larger
than several volts. However, because of Ipgg spread, the
current is unpredictable. This can be seen, for example,
with the 2N5484 which has a specified Ipgg of 1 to 5 mA.
The circuit is attractive because of its simplicity. (Current
regulator diodes are JFETs with the gate tied to the
source, sorted according to current).

With a small variation this circuit gives an adjustable
current source (see Fig.12). Resistor R back-biases the
gate by V = Ip x R, thus reducing Ip. The value of R can be
calculated from the Ip/Vp characteristic for that particular
JFET. This circuit makes it possible to set the current
(must be less than Ipss) as well as to make this current
more predictable.

A JFET current source always shows some variation of
output current with output voltage because of its finite
output impedance, even if built with source resistor.

An improvement can be made by using a second JFET to
hold the drain-source voltage of the current source
constant (see Fig.13). The JFET Q2 has a larger Ipgs and
is connected in series with the current source. It passes
the (constant) drain current from Q1 through to the load,
whilst holding the drain at Q1 at a fixed voltage; namely the
gate-source voltage that makes Q2 operate at the same
current as Q1. Q2 therefore shields Q1 from voltage
swings at its output, and since Q1 is not subject to drain
voltage variations, it provides constant current.
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Fig.11 Simple JFET current source. Fig.12 Adjustable JFET current source.

V+

load

”2  MGC453

Fig.13 Adjustable JFET current source with
high output impedance.
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JFET SOURCE FOLLOWERS AND AMPLIFIERS

There are normally three major considerations to be taken
into account when designing amplifiers: voltage gain,
distortion and noise, and the importance of each of these
depends on the application. This is also true for the type of
circuit configuration used. There are three basic circuit
configurations for JFETs:

e Common source configuration (CSC)
e Common gate configuration (CGC)
e Common drain configuration (CDC).

The choice of circuit configuration depends on the design
requirements with respect to:

¢ Input impedance (high in CSC and CDC)
e Impedance matching to signal source and load
¢ Distortion (lowest in CGC).

Common-drain amplifiers, or source followers, and
common-source amplifiers are analogous to emitter
followers and common-emitter amplifiers in bipolar
transistors. However, the absence of DC gate current
makes it possible to realize very high input impedances.
Such amplifiers are essential when dealing with the
high-impedance signal sources encountered in
measurement and instrumentation.

Itis convenient to use a self-biasing scheme with a single
gate-biasing resistor to ground.

Figure 14 shows a source follower, Fig.15 a common-
source amplifier. The gate-biasing resistor can be quite
large (at least 1 MQ), because the gate leakage current is
in the order of nA.

Matched FETSs can be used to construct high input
impedance front-end stages for bipolar differential
amplifiers, op-amps and comparators.

There are many applications in which the signal source
impedance is intrinsically high, e.g. capacitor
microphones, pH probes, charged particle detectors, or
microelectrode signals in biology and medicine. In these
cases a FET input stage is ideal.

Within some circuits there are situations where the
following stage must draw little or no current. Common
examples are analog ‘sample and hold’ and ‘peak
detector’ circuits, in which the level is stored in a capacitor
and will ‘droop’ if the next amplifier draws significant input
current. In all these applications the negligible input
current of a FET is an important feature.
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Fig.14 JFET source follower circuit.

Fig.15 Common-source amplifier circuit.
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JFET VOLTAGE CONTROLLED RESISTORS

Under certain biasing conditions, the on-resistance of the
JFET is a function of the gate source voltage alone, so that
the JFET will behave as an almost pure ohmic resistor.

Figure 16 shows the output characteristics of a 2N4416 for
relatively small positive and negative values of Vpg in the
linear or triode region, where Vpg < Vgs — Vastn. It can be
seen that all characteristics pass through the origin (no
offset) and are symmetrical and relatively linear. This
means that the JFET can be used as a variable resistance
in voltage controlled attenuators, analog multipliers,
amplitude modulators, bandwidth controlled filters,
automatic gain control circuits, and so on.

The channel resistance in the linear region is the inverse
of the transconductance in the saturated region:
Rps = 1/gm at a given Vgs.

In the first quadrant, the boundaries are setby Vgs = 0 and
Vap = —Vasth, in the third quadrant by Vgs = -Vasth and
Vap=0.

In the first quadrant, as Vpg increases towards

Vpssat = Vas — Vasth, the value of Rpgon changes, causing
distortion in voltage-controlled-resistor circuits. The same
thing happens in the third quadrant, as the negative drain
voltage exceeds the negative gate voltage and causes the
gate-channel diode to start conducting.

This signal distortion must be as low as possible, while at
the same time a large signal handling capability is
desirable. The linearity can be improved by means of
feedback from the drain to the gate (see Fig.17).

Now, part of the drain signal is applied to the gate. In the
case of a positive Vpg signal, this reduces the gate
voltage, increasing the drain current and pushing the bias
line into the more linear part of the operating region.

When Vpg is negative, Vgg will go more negative, causing
a reduction in drain current. This reduces the conduction

of the gate channel diode, resulting in a more linear bias

line.

The value of R1 and R2 should be equal, to maintain
symmetry between the first and third quadrants.

Feedback is essential for a reasonably linear
characteristic, and high values of Ipgs and Vgs, are
preferred.
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Fig.16 Output characteristics; 2N4416.
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Philips Semiconductors

Small-signal Field-effect Transistors

Ideas for design

MOS-FET ANALOG SWITCHES

The combination of low on-resistance, extremely high
off-resistance, low leakage current and low capacitance,
makes FETs, particularly lateral MOS-FETs, ideal as
voltage-controlled switching elements for analog signals.

Like mechanical switches, the FET switch is a
bi-directional device; signals can go either way through it.

The circuit as shown in Fig.18 will switch signals in the —10
to +10 V range if the gate has been driven from —15 V (off)
to +15 V (on); the body (back-gate) should then be tied to
-15 V.

With any FET switch it is important to provide a load
resistance in the 1 to 100 kQ range in order to reduce
capacitive feed-through of the input signal, that would
otherwise occur during the off-state. If it is necessary to
switch signals that may nearly reach the supply voltages,
the simple N-channel switch shown in Fig.18 will not work,
since the gate is not forward biased at the peak of the
signal swing.

The solution is to use paralieled complementary MOS-FET
switches (Fig.19). In this case the gate-drive is somewhat
more complicated, since the N-channel FET needs to be
positive biased with respect to the back-gate and the
P-channel negative biased. This switch is also
bidirectional; either terminal can be the input.

A useful application of FET analog switches is the
‘multiplexer’, a circuit that allows you to select any of
several inputs, as specified by a control signal. The analog
signal present on the selected input will be passed through
to the output.

Because analog switches are bidirectional, an analog
multiplexer is also a ‘demultiplexer’; a signal can be fed
into the output and will appear on the selected input.

Voltage-controlled analog switches form essential building
blocks for op-amps, integrators, sample-and-hold circuits
and peak detectors.

Another application is in switchable RC low-pass filters. A
multipiexer is used to select one out of a series of resistors,
or independent switches are used to select one or more
resistors in parallel.

As stated before, a load resistor is necessary to reduce
capacitive feed-through (cross-talk).

If a switch that has really low cross-talk performance is
needed, the circuit shown in Fig.20 could be used. When
switches Q1 and Q2 are off, Q3 is on and will prevent any
capacitive feed-through.
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Fig.18 MOS-FET analog switch.
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Fig.19 Paraiieled compiementary MOS-FET
switches.

Q3 | +—-
ctrl o=t »—oV+

MGC457

Fig.20 MOS-FET analog switch with
low cross talk performance.







DEVICE DATA

in alphanumeric sequence






It BC264A to D

N-CHANNEL SILICON FIELD-EFFECT TRANSISTORS

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

QUICK REFERENCE DATA

Drain-source voltage +Vps max. 30 V
Total power dissipation up to Tgmp =75 °C Piot max. 300 mw
Junction temperature Tj max. 150 ©oC
Drain current
Vps=15V;Vgg=0 IDSS 2t012 mA
Transfer admittance (common source)
Vps=16V;VGgg=0;f=1kHz |Yfs] typ. 36 mS
Noise figure at Vpg =15 V; Vgg =0
f=1kHz; Rg =1 MQ F < 2 dB
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-92 variant.
Pinning:
1 =drain
2 = source
3‘= gate . —@ d
° - ] +o,z_‘o
min
MBB114 \Q R *
< 52max - 12,7min Bt
{ 1 ‘o,ug
" max
- o 4
— 1]
1 72709942
diameter within 2,5max
is uncontrolled - -

Note: Drain and source are interchangeable

December 1990
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BC264A to D

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

Drain-source voltage +Vpg max. 30 \%
Drain-gate voltage (open source) Vpco max. 30 A%
Gate -source voltage (open drain) -Vaso max. 30 v
Gate current Ig max. 10 mA

Total power dissipation up to T, .\ = 75 0C Pior max. 300 mWwW
Storage temperature range Tstg -65 to +150 o¢c
Junction temperature Tj max. 150 °C
THERMAL RESISTANCE

From junction to ambient in free air Rip j-a = 250 K/W

72 December 1990



N-channel silicon field-effect transistors BC264A to D

CHARACTERISTICS
Tj=25 OC unless otherwise specified
Gate cut-off current BC264A | B |C | D
-Vgs =20V; Vps =0 -1gss < 5 5|1 5 5 nA
Drain current
> 2,013,5(50| 7,0 mA
VDs =15V VGs = 0 IDss < 45(65(80[120 mA
Gate-source breakdown voltage
-Ig=1pA;Vpg =0 -V(BR)GSS = 3030|130 30 V
Gate-source voltage
Ip = 200 pA ; Vpg = 15 V -Vas >  0,4[04/04]04 V
Ip=1,0mA; Vpg =15V -Vas Z 2; 1T X
ID=1,5mA; Vpg =15V -VGs - (1”3 | :’/
Ip = 2,5 mA; Vpg = 15 V -VaGs S B il B
Ip = 3,5mA; Vpg =15V -Vgs z 1l (1)’2 X
Gate-source cut-off voltage
Ip= 10nA;Vps =15V -V(P)GS > 0,5(0,5]0,5| 0,5 V
y-parameters at Tamp = 25 °C
Vps =15V;Vgs =0;f=1kHz
Transfer admittance [stl >  2,5]03,0(3,5]| 40 mS

Vps=15V; -Vgs=1V;f=1MHz

Input capacitance Cig typ. 4.0 pF
Feedback capacitance Crs typ. 1,2 pF
Output capacitance Cos typ. 1,6 pF

Noise figure at f = 1 kHz; Rg =1 MQ2
Vps = 15 V; Vas = 0; Tamp = 25 °C F typ-

Equivalent noise voltage at Tamb = 25 °C

VDS = 15 V; Vgs = 0; f = 10 Hz Va/VB  typ. 40 nv/VHz
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BC264A to D

15 7267141
typical behaviour of Ip versus -Vgg and Vpg
Ip
(mA) T VDs=15V typ. values ]
M Ty=25 oC Tj=25°C [1]
10
Vgs=0
= 1]
7 P T T T T
5 4 4 -Vgs=0,5V_ ]
A
/ V4
typ 4 ] 1
i
/| l|,5
P 2
0 = ! 1
4 -Vgs (V) 2 0 10 Vpg (V) 20
Fig. 2
7267137 7267136
0= EERTE 10
Ip B typ. values
NN Vpg=15V |4
mA) [ 1Y N TI-)zS?.S oc L Tdson e !’:S\r) ‘_@l’
NN [ A
\\ \ \\ afrafa 18
1 &‘ \ \‘ }
\ \
\
e i
\ \ / /
T\ . )
I/
\[ TN iy
I
/
. | 1/
10 t /1] typ. values | | |
e / Vps=0
= m‘ oAt / / f=1kHz T
v I W Wy Tamp=25 °C
SR IRIE 224
AT T arre =d
10-2 } ‘ ’ 1 I 10-1
0 1 2 3 4 0 1 2 3 4
-V v ~-Vag (V)
Fig. 3 Gs V) Fig. 4 GS
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N-channel silicon field-effect transistors BC264A to D

1 7267138
‘st‘ typ. values
(mA/V) Vpg =15V
f=1kHz
7,5 Tamb=25 °C
BC264D
5 BC2648~ 5C204C T3
BC254A, o
£Z2
2,5 /’f/
0
0 2,5 5 7,5 10 12,5 Ip (mA) 15
Fig. 5
7267134 7267135
6 EEEEER 3 T T
T T HEEEEN
c.. I\ Vps=15V N Crs typ. values [ ]
is \ f=1MHz o L1 | COS _\/GS =2V L]
(pF) Tamb=25°CH  (oF) f=IMHz
N = oc[ ]
\ < Tamb =25 °C[ 1]
N
4 2
.
C
- oS
P
typ ]
™ Crb
2 = 1
0 0
0 5  -Vgg (V) 10 0 10 Vpg(V) 20
Fig. 6 Fig. 7
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BC264A to D

20

(dB)

15

10

20

(dB)

15

10

0
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BF245A TO C

N-CHANNEL SILICON FIELD-EFFECT TRANSISTORS

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

QUICK REFERENCE DATA

Drain-source voltage *Vps max. 30 V
Gate-source voltage (open drain) -VGso max. 30 Vv
Total power dissipation up to Tamp =75 °C Piot max. 300 mW
Drai BF245A/0 | A | B | C
rain current '
1B V. Ve = > 05 (20| 6|12 mA

Vbs=15V:VGs =0 'bss < 271 |65|15]|25 mA
Gate-source cut-off voltage

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

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

Vps=15V;Vgg=0;f=1kHz; Tagymp=250C [Yfs| 30to6,5 mS
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-92 variant.

Pinning:
1 = drain
2 = source d
3 = gate
9 9 —@ S ) B 1 *0,1_;0
\ { min
MBB114 ]
— <— 5,2max > 12,7min
T e 1 { 0,49
48 —r— : +mux
8 254 - 0,67 — 3
‘ ’ o 1 7270991».;‘
diameter within 2,5max
is uncontrolled - -

Note: Drain and source are interchangeable

April 1995
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BF245A TO C

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Drain-source voltage tVpg max. 30 V
Drain-gate voltage (open source) VpGo max. 30 V
Gate-source voltage (open drain) -VaGso max. 30 V
Drain current Ip max. 25 mA
Gate current g max. 10 mA
Power dissipation
up to Tamp = 75 °C Piot max. 300 mW
up to Tamp =90 °C Piot max. 300 mW 1)
Storage temperature Tstg —65 to + 1560 ©C
Junction temperature Tj max. 150 °C

THERMAL RESISTANCE
From junction to ambient in free air Rthj-a = 250 K/W
From junction to ambient Rthj-a = 200 K/W

CHARACTERISTICS
Tj= 25 OC unless otherwise specified

Gate cut-off current BF245A B C
-VGs=20V;Vpg=0 —Igss < 5 5 5 nA
-VEs=20V;Vpg=0;Tj=125°C —lgss < 0,5 0,5 0,5 uA

Drain current 2) > 2 6,0 12 mA
Vps=15V;Vgs =0 'pss <65 [150 | 25 mA

Gate-source breakdown voltage

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

> 0,4 1,6 32V

Ip =200 uA;Vpg =15V -Vags < 292 38 75 v

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

2) Measured under pulse conditions: tp= 300 us; § <0,02.
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N-channel silicon field-effect transistors

BF245ATO C

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

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

Feedback capacitance
Output capacitance
Cut-off frequency *
Vps=156V;Vgg=0

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

Vps=15V;VGgs=0; Tamb=25°C
input tuned to minimum noise

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

"V(P)GS 0,25t08,0 V

lyfs!
lYos!
Sis

|Yr5|
lyfsl

9os

3,0t0 6,56 mS

typ.
typ.
typ.
typ.
typ.

typ.
typ.
typ.

typ.

typ.

25 uS
250 uS
1,4 mS

6 mS
40 uS

4,0 pF
1,1 pF

’

1,6 pF

700 MHz

1,56 dB

April 1995
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BF245ATOC

10 7262705
EEE e :
1-Vgs=20V
| Vps=0 7
-Igss //
(nA) y,
1
‘V
//
/
tyfy//
1071
‘V
//
//
1072
1073
0 50 100 Ty(°C) 150

Fig. 2
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N-channel silicon field-effect transistors

BF245A TO C

7262709

6 R Emas BF245A
T 11
—— Vpg=15V
11 D_S o typ. values [
Ip | Tj=25°C P s
(mA) j=25°C
Vag=0
4 GS
Ji
1117
i —VGS=0,5V
|
2 1
t
Y
1
|'D'4
0 y l’f
4 -Vgg(V) 2 0 10  Vpg(V) 20
Fig. 3
7262695
BF245A
4 < [ 1
N typ. values [—
Ip N Vps=15V  |—
(mA) - 171
3 N [ IO
VGs=
i~
"y
N
N~ —VGS=O,5V'
2 .
1 llv-
|
1,5V
e
0
50 100 T; (°c) 150
Fig. 4
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BF245ATOC

7262707

15
T
1] Vps=15V L
p 1] Tj=25 oc typ. values [
.=250C []
(mA) . TJ 25°C [ ]
10 Ves=0
P
/]
/ 4 -Vgs=0,5V
/ /
Y,
/ { 7
5
typ/ 1
/ i
y.d I
2
' 1
2,5
P 11
0 [1
4 -Vgs (V) 2 0 10 Vps (V) 20
Fig. 5
7262696
, BF245B
20 [ 1
typ. values
Ip Vpg=15V
(mA)
15
10 ~]
~=_] Vgs=0
P
N~
- =1
5 ~=Ves=tV
|
+ 2V
0
0 50 100 Tj (°C) 150
Fig. 6
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N-channel silicon field-effect transistors BF245A TO C

7262708

30 o ‘ BF245C
11 VDS=15V L]
Ip 1] Tj=25 °C typ. vaéues:
(ma) Tj=25°C []
20
VGS=0
7 &
Vi -Vgs=1V
/ P,
10
y, ] 2
typ %
p 4 (Ii
4
0 L !
10 -Vgs (V) 5 0 10 Vps (V) 20
Fig. 7
7262699
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20 []
I typ. valuesi
D Vpg=15V |
(mA) <
15 IS
‘\
< Vs =0+
10
<
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5 -
B ——— 4V_|
0
0 50 100 Tj (°c) 150
Fig. 8
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BF245A TO C

103 7262698 1()2
typ. values
. Vgs=0
8is Vpg=15V bis
MA/V) | Tamp=25 °C e (mA/V)
102 ,/ 10
b
7
/ Y/
§
10 Wi 1
lI
7
/4
1 1071 .
10 102 f(MHz) 103
Fig. 9
104 1 I 1 7|zal27[oo 10
1
typ!. vzllluesl l us
brs XGS =(1)5V H Crs
A/V DS = L]
©A/V) Tamp=25 °C ||| P
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103 ,/ 1
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10 102 £ (MHz) 103
Fig. 10
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N-channel silicon field-effect transistors

BF245ATOC

15

8fs
-bfg
(mA/V)

10

103

8os
(HA/V)

102

10

l ] 7262702
typ. values
Ves=0 i
Vpg=15V i
Tamp=25 °C
8fs
'bfs
e
10 102 f(MHz) 103
Fig. 11
7262703 10
typ. values
VGS = 0
Vpg=15V bos
Tamb=25 °C (mA/V)
bOb
1
gO S
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1071
1072
102 f(MHz) 103
Fig. 12
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BF245ATO C

7262697 7262701
6 T T LI 1.5 T
RN T
Vps=20V [T Vps=20V 1
Cis Tamb=25 °C[ ] Crs Tamb=25 °C[ ]
(pF) f=1MHz —— (pF) f=1MHz b
- typ
A
4 1
N
typ
—
2 0,5
0 0
0 5 -Vgg(V) 10 0 5  -Vgg (V) 10
Fig. 13 Fig. 14
10 72627
| Ves|
(mA/V) typ. values
Vps=15V
- f=1kHz
5 T amb =25 °C
BF245B BF245C
BF245A g i
5 y, 7 L
.. //
A A
/ A
2,5
I/
V
ol
0 5 10 15 20 25 Ip (mA) 30
Fig. 156
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BF245ATO C

N-channel silicon field-effect transistors

7262704 102 7262722
typ. product correlation band typ. values
- Vpe=0
10 between V(P)GS and Ingg , e g
v l I [ [ l I isg;m Tamb=25 °C
(P)GS Vpg =15V (kKQQ)
at Ip=10nA T:=25 0C |
V) J
7,5 10
] i
» | / f
5
)4 /
4 / /
A 1 BF245A —/ /
? /' y
25 Y v BF245B
I/ BF245C
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< 1
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0 10 20 30 0 1 9 3 4
Ipgs at Vgg=0 (mA) -Vgs (V)
Fig. 16 Fig. 17
7262706
3 T T T TI]
I ] I T 111
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v
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A
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typ -
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BF246Ato C
BF247A to C

A

N-CHANNEL SILICON FIELD-EFFECT TRANSISTORS

Symmetrical n-channel planar epitaxial junction field-effect transistors in plastic TO-92 variants,
intended for VHF and UHF amplifiers, mixers and general purpose switching.

QUICK REFERENCE DATA

Drain-source voltage

Total power dissipation up to Tamp =25 °C

Drain current
Vps=15V;Vgg=0
Gate-source cut-off voltage

Ip=10nA;Vpg=15V

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

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

+ VDS
Ptot

IDss

-V(P)GS

CfS

s

max.
max.

min.
max.

0.6to 145 V
typ. 3.5 pF
min. 8 mS

MECHANICAL DATA
Fig. 1 TO-92 variant.

Pinning (BF246):

1 =drain d
2 = gate g —@:
3 = source &
MBB114
Pinning (BF247):
1=drain
2 = source
3 = gate
—|
T
n‘;fx 2564 - 0,87
max
Y_ V3

Dimensions in mm

<— 52max —»

diameter within 2,5max

is'uncontrolled

|

Note: Drain and source are interchangeable

7270994.2

l ﬁecember 1990
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BF246Ato C

BF247Ato C

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

up to Tamp =75 °C Ptot max. 300 mW
Storage temperature range Tstg —65 to + 150 °C
Junction temperature Tj max. 150 °C

THERMAL RESISTANCE
From junction to ambient in free air Rthj-a = 250 K/W

CHARACTERISTICS

Tamb = 25 0C
Gate cut-off current A B C
-Vgs=15V:Vps=0 —1Ggss max. 5 5 5 nA

H *
Drain current min. 30 | 60 |110 mA

VDs=18V:VGs=0 IDss max. 80 | 140 |250 mA
Gate-source breakdown voltage
—lg=1uA;Vps=0 _V(BR)GSS min. 25 25 25 V

Gate-source voltage

Ip = 200 wA; Vpg = 15 V —Vas min. 1.5 3.0 55 V

max. 4.0 7.0 |120V

Gate-source cut-off voltage

Ip=10nA;Vpg=15V -V(p)GS 0.6to 145 V
Transfer admittance (common source) min 8 mS
Ip=10mA; Vpg=15V; f=1kHz lyssl typ. 17 mS

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

feed-back capacitance Crs typ. 3.6 pF
input capacitance Cis typ. 11 pF
output capacitance Cos typ. 5 pF

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

* Measured under pulse conditions; th= 300 us; § < 0.02.
** The frequency at which gfg is 0.7 of its value at 1 kHz.
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‘ l BF256A to C

N-CHANNEL SILICON FIELD-EFFECT TRANSISTORS

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

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

QUICK REFERENCE DATA

Drain-source voltage
Gate-source voltage (open drain)
Total power dissipation up to Tapp =75 °C

Drain current
Vps=15V;Vgg =0

Feedback capacitance at f = 1 MHz
Vpg=20V;-Vgg=1V;Tagmp =25°C
Transfer admittance (common source)
Vps=15V;Vgg=0;f=1kHz; Tgmp =25°C
Power gain at f = 800 MHz
Vpg=15V; Rg=47Q

+Vps max. 30 V
-VGso max. 30 V
Ptot max. 300 mW
BF256A | B | C
| >3 ’ 6 I 11 mA
Dss <7 13 18 mA
Crs typ. 0,7 pF
|Vfs] > 45 mS
Gp typ. 11 dB

MECHANICAL DATA
Fig. 1 TO-92 variant.

Dimensions in mm

Pinning;
1= drain
2 = source
3 = gate d
&L = = 040
MBB114 \ ] +

< 52max —>je——————— 12 7min ————»

' 7270994.2

diameter within 2,5max

is uncontrolled

Note: Drain and source are interchangeable

April 1989
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BF256A to C

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Drain-source voltage +Vpg max. 30 V
Drain-gate voltage (open source) VDpGo max. 30 V
Gate-source voltage (open drain) -VGso max. 30 V
Gate current el max. 10 mA
Total power dissipation
up to Tgmp =75 °C Ptot max. 300 mw
up to Tamp = 90 °C Piot max. 300 mW 1)
Storage temperature Tstg —65 to + 1560 ©C
Junction temperature Tj max. 150 °C

THERMAL RESISTANCE

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

-Vgs=20V;Vpg=0 —lgss < 5 nA
Drain current 2) BF256A | B l ¢

> 3| 6{11 mA

Vps=15V;Vgg=0 Ipss 3) < 7 l13|18 mA
Gate-source breakdown voltage

—IG=1uA;Vps=0 —V(BR)GSS > 30 Vv
Gate-source voltage

Ip=200uA;Vpg=15V -Vgs 3) 05to75 V

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

2) Measured under pulse conditions: tp = 300 us; 6 <0,02.
3) BF256B/1: Ipsg =6 to 8 mA; —-Vgg=1,41t02,6 V.
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N-channel silicon field-effect transistors BF256A toC

y-parameters (common source)

'\I;rans;s‘gosr ;'s/ch,lttar;cg at f=1kHz | > 45 mS 1)
DS + VGS Yfs! typ. 5mS 1)

Output capacitance at f = 1 MHz

Vps=20V;Vgs=0 Cos typ. 1,2 pF

Feedback capacitance at f = 1 MHz

Vpg=20V; -Vgg=1V Crs typ. 0,7 pF
Cut-off frequency

Vps=16V;Vgg=0 fgfs typ. 1 GHz 2)
Noise figure at f = 800 MHz

Vpg=10V;Rg=47Q F typ. 7,56 dB
Power gain at f = 800 MHz

Vps=15V;Rg=47Q Gp typ. 11 dB

1) Measured under pulse conditions: tp= 300 us; § < 0,02.
2) The frequency at which ggg is 0,7 of its value at 1 kHz.
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BF256A to C

10 7262705
S >
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typ/
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BF256A to C

N-channel silicon field-effect transistors

7262924
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BF256A to C

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

7262922
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BF256A to C

103 1262920 102
typ. values s
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N-channel silicon field-effect transistors

BF256A to C

2 7262918
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BF256A to C

7262912
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BF256A to C

N-channel silicon field-effect transistors
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J | BF410A to D

N-CHANNEL SILICON FIELD-EFFECT TRANSISTORS

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

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

QUICK REFERENCE DATA

Drain-source voltage Vps max. 20 \
Drain current (DC or average) Ip max. 30 mA
Total power dissipation
up to Tamp =75 °C Piot max. 300 mW
BF410A B C D
min. 0.7 25 6 10 mA

Drain current

Vbs=10V:Vgs=0 'DSS max. 30 | 70 | 12 | 18 mA
Transfer admittance

Vps=10V;Vgg=0;f=1kHz lyfsl min. 2.5 4 6 7 mS
Feedback capacitance

Vps=10V;Vgg=0 Cs typ. 05 0.5 - — pF

Vps=10V;Ip=5mA Crs  typ. - - 05 | 05 pF

Noise figure at optimum source admittance
Gg =1mS; —Bg =3 mS; f= 100 MHz

Vps=10V;Vgg=0 F typ. 1.5 1.5 - — dB
Vps=10V;ip=5mA F typ. — - 1.5 1.5 dB
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-92 variant.
Pinning: +0
1 =drain d I ] ",‘0
2 = source g@s \ 1 *mm
3 = gate

< 52max e 12,7min >
R * 0,49
T — *rr;ux
- 2
. -
1 7270994.2
diameter within 2,5max
is uncontrolled - -

December 1990
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BF410A to D

RATINGS

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

Drain-source voltage

Drain-gate voltage (open source)

Drain current (DC or average)

Gate current

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

Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air

STATIC CHARACTERISTICS
Tamb =25 °C
Gate cut-off current
—-Vgs=0.2V;Vpg=0 —lgss
Gate-drain breakdown voltage

Is=0;—Ip=10pA —-V(BR)GDO
Drain current

Vps=10V;Vgs=0 IDSs
Gate-source cut-off voltage

Ip=10uA;Vpg=10V -V(P)GS

max.

min.

max.,

typ.

Vps max. 20
VDGO max. 20
Ip max. 30
tlg max. 10
Ptot max. 300
Tstg —65 to + 150
TJ- max. 150
Rth j-a = 250
BF410A B C D
10 10 10 10
20 20 20 20
0.7 25 6 10
3.0 7.0 12 18
0.8 1.5 2.2 3

mA
mA
mW
oC
oC

K/W

nA

mA
mA

104

December 1990



N-channel silicon field-effect transistors

BF410A to D

DYNAMIC CHARACTERISTICS

Measuring conditions (common source): Vpg =10 V; Vgg = 0; Tymp = 25 OC for BF410A and B

Vps =10 V; Ip =5 mA; Tamp = 25 °C for BF410C and D

y-parameters (common source)

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

Feedback capacitance at f = 1 MHz

Transfer admittance at f = 1 kHz
V@gs = 0 instead of Ip =5 mA
Transfer admittance at f = 100 MHz

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

Noise figure at optimum source admittance
Gg =1mS; —Bg =3 mS; f= 100 MHz

BF410A B C D

Cis max. 5 5 5 5
gis typ. 100 | 90 60 50
c typ. 05 | 0.5 0.5 0.5

S max. 07 | 07 07 | 07
|Yfs| min. 25 | 40 4.0 35
|vfs| min. - - 6.0 | 7.0
|Yfs| typ. 35 | 55 5.0 5.0
Cos  max. 3 3 3 3
dos max. 60 80 100 | 120
dos  typ. 35 55 70 90
F typ. 1.5 1.5 1.5 1.5

pF
uS

pF
pF

mS
mS
mS
pF
uS
uS

dB

December 1990
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BF410A to D

7274941

1,5
Crs
(pF)
1,0
\
\ Fig. 2 Vgg = 0 for BF410A and BF410B;
Ip =5 mA for BF410C and BF410D;
f=1MHz; Tamp = 25 °C.
0,5
NP
~N
T~
0 20
0 10 vps ()
10 7274942
.
BF410D
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| Yis| BF410C —
BF410B _—
(mA/V) P =
P '// - 1
e A |~
> >
,// Ped
5 — / '/ '//
BF410A 7 0%
ZEy
// »
/
v/ ‘/
v
0
0 5 10 ) (mA) 15

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

N-CHANNEL SILICON FIELD-EFFECT TRANSISTORS

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

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

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

QUICK REFERENCE DATA

Drain-source voltage Vps max. 20 A
Drain current (DC or average) Ip max. 30 mA
Total power dissipation

up to Tamp =40 °C Piot max. 250 mW

BF510 | 511 | 512 | 513
Drain current
_ . - > 0.7 25 6 10 mA

VDs=10V:VGs=0 bss < 30| 70| 12| 18 mA
Transfer admittance (common source)

Vps=10V;Vgs=0;f=1kHz lygsl > 25 4 6 7 mS
Feedback capacitance

Vps=10V;Vgs=0 Cs typ. 03 0.3 - — pF

Vps=10V;Ip=5mA Cs  typ. - - 0.3 0.3 pF
Noise figure at optimum source admittance

Gg=1mS; —Bg =3 mS; f= 100 MHz

Vps=10V;Vgg=0 F typ. 1.5 1.5 - — dB

Vps=10V;Ip=5mA F typ. - - 1.5 1.5 dB

MECHANICAL DATA
SOT23.

See also So/dering recommendations.
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BF510 to 513 JL

MECHANICAL DATA

3,0
Fig. 1 SOT23. 2,8
'
0,150
Lo | pE -

Va

x

e
—| |— 0,1 ! !
10° max | 1L 2
m 1,2 m
N 40° |
— 10
F=—t—=F— max
A \ 1 sl
N S I R s ST D]
max
TOP VIEW
RATINGS

Dimensions in mm
Pinning

1 = gate

2 = drain

3 = source

d
g s

Marking code

=lo2®]a]8]

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

Drain-source voltage

Drain-gate voltage (open source)
Drain current (DC or average)
Gate current

Total power dissipation up to Tamp =40 °C (note 1)

Junction temperature

THERMAL RESISTANCE
From junction to ambient (note 1)

Note

1. Mounted on a ceramic substrate of 8 mm x 10 mm x 0.7 mm.

BF510 = S6p
BF511=S7p
BF512 =S8p
BF513 =S9p
7296885
Vps max. 20 V
VpGo max. 20V
Ip max. 30 mA
tlg max. 10 mA
PtOt max. 250 mW
Tetg —65to + 150 °C
T max. 150 °C
Rthja = 430 K/W
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N-channel silicon field-effect transistors

BF510 to 513

STATIC CHARACTERISTICS

Tamb =25°C
Gate cut-off current
—Vgs=0.2V;Vpg=0 —lgss <
Gate-drain breakdown voltage
Is=0;—Ip=10kA —V(BR)GDO
Drain current >
Vps=10V;VGgs=0 Ipss <

Gate-source cut-off voltage

Ip=10uA;Vpg=10V -V(pP)GS typ.

DYNAMIC CHARACTERISTICS

BF510 | 511 | 512 | 513
10 10 10 10 nA
20 20 20 2 V
0.7 25 6 10 mA
3.0 7.0 12 18 mA
0.8 1.5 2.2 3V

Measuring conditions (common source): Vpg =10 V; Vgg = 0; Tamp = 25 °C for BF510 and BF511
Vps =10 V; Ip = 5 mA; Tamp = 25 °C for BF512 and BF513

y-parameters (common source) BF510 | 511 512 | 513
Input capacitance at f = 1 MHz Cis < 5 5 5 5 pF
Input conductance at f = 100 MHz Gis typ. 100 920 60 50 uS
. _ typ. 03 | 03 | 03 0.3 pF

Feedback capacitance at f = 1 MHz Crs < 04 0.4 0.4 0.4 pF
Transfer admittance at f = 1 kHz Iyl > 25 | 40 | 40| 35 mS

Vgs = 0 instead of Ip =5 mA lyss! > - - 6.0 7.0 mS
Transfer admittance at f = 100 MHz lyss! typ. 3.6 5.5 5.0 50 mS
Output capacitance at f = 1 MHz Cos < 3 3 3 3 pF
Output conductance at f =1 MHz 9os < 60 80 | 100 | 120 uS
Output conductance at f = 100 MHz dos typ. 35 55 70 90 uS
Noise figure at optimum source admittance

Gg= 1mS; —Bg =3 mS;

f=100 MHz F typ. 1.5 1.5 1.5 1.5 dB
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BF510 to 513

7274941
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Fig. 3 Vpg=10V; f=1kHz; Tamp = 25 OC; typical values.
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N-channel silicon field-effect transistors

BF510 to 513

300

Prot
(mW)

100

7221920
N\
N
\\\
N\
100 Tomp (9C) 200

Fig.4 Power derating curve.
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Philips Semiconductors

N-channel silicon junction

field-effect transistor

Product specification

BF545A; BF545B; BF545C

FEATURES QUICK REFERENCE DATA
s Low leakage level (typ. 500 fA) SYMBOL | PARAMETER CONDITIONS MIN. | MAX. | UNIT
¢ High gain +Vps drain-source - 30 A"
« Low cut-off voltage (max. 2.2V voltage
for BF545A). loss drain current Vps=15V; Vgg=0
BF545A 2 65 |mA
DESCRIPTION BF545B 6 15 mA
N-channel symmetrical silicon BF545C 12 125 |mA
junction FETs ina Pt total power upto T =25°C - 250 |mw
surface-mountable SOT23 dissipation
envelope. These devices are ~Vason gate-source Vps=15V;lp=1pAl04 |78 |V
specially designed for use as cut-off voltage
impedance oonvertqs in (for Yie common source [Vpg=15V;Vgs=0 (3 65 |mS
example) electret microphones and t
tmbrm _vand Aatantava anmd an \/LIE ranSfer
nasicu ucicuivio, anivu as viii admntance
amplifiers in oscillators and mixers.
PINNING
2 1
PIN DESCRIPTION
1 source
2 |drain . @ d
3 |gate ___ ®
MBB081 - 1
3
MSB003
Top view
Marking codes:
BF545A: M65.
BF545B: M66.
BF545C: M67.
Fig.1 Simplified outline (SOT23) and symbol.
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Philips Semiconductors

Product specification

N-channel silicon junction
field-effect transistor

BF545A; BF545B; BF545C

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

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
*Vps drain-source voltage 30 \'
~Vaso gate-source voltage 30 Vv
-Vepo gate-drain voltage 30 \
lg DC forward gate current 10 mA
Pt total power dissipation up to T, = 25 °C (note 1) 250 mw
Teg storage temperature range -65 150 °C
T junction temperature 150 °C

THERMAL RESISTANCE
SYMBOL PARAMETER THERMAL RESISTANCE
Ry, ja from junction to ambient (note 1) 500 KW
Note
1. Mounted on an FR-4 printboard.
STATIC CHARACTERISTICS
T, = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
—lass reverse gate current —Vpg=0;-Vgs =20V - 0.5 1000 pA
~Vps =0; -Vgs =20V, - - 100 nA
T,=125°C
loss drain current Vps=15V; Vgs=0
BF545A 2 - 6.5 mA
BF545B 6 - 15 mA
BF545C 12 - 25 mA
~Vgriess gate-source breakdown Vps=0; -lg=1pA 30 - - \
voltage
~Vason gate-source cut-off voltage | Vps=15V; Iy =200 pA
BF545A 0.4 - 22 \
BF545B 1.6 - 3.8 \"
BF545C 3.2 - 7.8 \
Vps=15V; lp=1pA 0.4 - 7.5 v
Y common source transfer Vps=15V; Vgs=0 3 - 6.5 mS
admittance .
Yeo common source output Vps=15V; Vgs =0 - 40 - ns
admittance

April 1995
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Philips Semiconductors Product specification

N-channel silicon junction

field-effect transistor BF545A; BF545B; BF545C

DYNAMIC CHARACTERISTICS
Ta =25 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS TYP. UNIT
Ce input capacitance Vps=15V; -Vgg=10V; f=1MHz 1.7 pF
Vps=15V; -Vgg=0; f=1MHz 3 pF
Ce feedback capacitance Vps=15V; -Vgg=10V; f=1MHz 0.8 pF
Vps=15V; -Vgs=0; f=1MHz 0.9 pF
Ois common source input Vps=10V; Iy =1 mA; f= 100 MHz 15 usS
conductance Vps=10V; Ip = 1 mA; f = 450 MHz 300 us
s common source transfer Vps=10V; Ip =1 mA; f= 100 MHz 2 mS
conductance Vps =10 V; Ip = 1 mA; f = 450 MHz 1.8 mS
—Ors common source feedback Vps=10V; Iy =1 mA; f= 100 MHz 6 usS
conductance Vps =10 V; Ip = 1 mA; f = 450 MHz 40 uS
Oos common source output Vps=10V; I =1 mA; f= 100 MHz 30 uS
conductance Vps=10V; Ip = 1 mA; f = 450 MHz 60 us
30 MBB467 6 MBB466
I pss
(mA) Yis
(mS)
20 /// m //
/, . A
/ //
10 e
/ /
/
0 4
0 2 4 6 8 0 2 4 6 8
~Vas(off) (V) -Vas(off) V)
Vps=15V; T;=25°C. Vps = 15 V; Vgg = 0; T;= 25 °C.
Fig.2 Drain current as a function of gate-source Fig.3 Common source transfer admittance as a
cut-off voltage. function of gate-source cut-off voltage.
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Philips Semiconductors

Product specification

N-channel silicon junction
field-effect transistor

BF545A; BF545B; BF545C

MBB465

80

Yos /
(1S) /

40

~Vas(off) (V)
Vos =15V, Vgs=0; T;= 25 °C.

Fig.4 Common source output admittance as a
function of gate-source cut-off voltage.

MBB464

300

RDs(on)
Q)
200 N
\\\
\\

100
0

0 2 4 6 8

~Vas(ott) (V)

Vps = 100 mV; Vs = 0; T; = 25 °C.

Fig.5 Drain-source on-resistance as a function
of gate-source cut-off voltage.
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6
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_—_—-ﬂﬂ—'—'—_
4 /,/"'J
/ ~05V
—
2 |
%
0
0 4 8 12 16
Vps v)
BF545A
T' = 25 °C.

Fig.6 Typical output characteristics.

MBB463

)
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‘ /

/

VGS V)

BF545A
Vps =15 V; T; = 25 °C.

Fig.7 Typical input characteristics.
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Philips Semiconductors

Product specification

N-channel silicon junction
field-effect transistor

BF545A; BF545B; BF545C

MBB460

16
'p
(mA) Vgg =0V
12 Ta— ]
yd —0.5V
/T
ol Ve —1v
/
/-
. //// -2V
//" ~25V
—
0
0 4 8 12 16
Vps (V)
BF545B
T,=25°C.

Fig.8 Typical output characteristics.

MBB459
16

'p

(mA)

’ /

BF545B
Vps = 15 V; T,= 25 °C.

Fig.9 Typical input characteristics.

MBB457

30
p
(mA)
VGS =0V
20 o
/ -1V
//// —2v
10
/// -3V
| —— =4V
-5V
0
0 4 8 12 16
Vps (V)
BF545C
T,=25°C.

Fig.10 Typical output characteristics.
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30

Ip

(mA)

20

2 0
Vags (V)

BF545C
Vps = 15 V; T; = 25 °C.

Fig.11 Typical input characteristics.
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Product specification

BF545A; BF545B; BF545C

Philips Semiconductors
N-channel silicon junction
field-effect transistor

103 - MBB461
I/
I'p 7
/
(A) 7
102 /
y A
7
/
/
0 /
f
]
|
/
1 !
f
|
I
|
10-1 !
1072 4
f
1
]
|
10-3 I
-3 -2.5 -2 -1.5 -1 -0.5 0
Vas V)
BF545A
Vps=15V; Tj=25°C.
Fig.12 Drain current as a function of gate-source voltage; typical values.
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Product specification

BF545A; BF545B; BF545C

Philips Semiconductors
N-channel silicon junction
field-effect transistor

MBB458
103 F
D
(1) [’
102 /
{
I
I
|
10
1
10-1
102
10-3
-8 -7 -6 -5 -4 -3 -2 -1 0
Vas V)
BF545B
Vps=15V; T;=25°C.
Fig.13 Drain current as a function of gate-source voltage; typical values.
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Product specification

BF545A; BF545B; BF545C

Philips Semiconductors
N-channel silicon junction
field-effect transistor

103 MBB455
Vi
Ip ]1
(HA) 7
102 ;/
T.'
1
]
T
I
10 I
’
10-1
1072
10738
-8 -7 -6 -5 -4 -3 -2 -1 0
Vas V)
BF545C
VDS= 15 V; Tl = 25 °C.
Fig.14 Drain current as a function of gate-source voltage; typical values.
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Philips'Semiconductors Product specification

N-channel silicon junction

field-effect transistor BF545A; BF5458; BF545C

10 2 MBB454 10 3 MBB453
“la 7 “lass ya
(PA) Ip =10 mAJ/— (PA) w4

10 e ,/ 102 . /
I” L 7z
VA A
/ / /
1 ,/ A 10 /
FlGss i i 7
A — Pl // ,/
10-1 zé” e L~ 1 —
— 0.1 mAT— 7
yA
/
" -1 /
10 10
0 10 Vpg (V) 20 -50 0 50 100 150
T; (°C)
Ip = 10 mA (BF545B and C only); T;= 25 °C. Vps=0; -Vgs =20 V.
Fig.15 Gate current as a function of drain-gate Fig.16 Gate current as a function of junction
voltage, typical values. temperature, typical values.
1 MBB452 3 MBB451
[ e, Cis
Crs (pF)
(pF)
2
| —]
0.5
’
0 0
-0 -8 vesv) 0 -10 -5 Vas (V) 0
Vps=15V; T;=25°C. Vps=15V; T;=25°C.
Fig.17 Typical feedback capacitance. Fig.18 Typical input capacitance.
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Philips Semiconductors

Product specification

N-channel silicon junction
field-effect transistor

BF545A; BF545B; BF545C

MBB688 MBB468
400 102
Ptot Yis
(mw) (mS)
300 10 === =
bis— -+
200 1 4
A
Y
9 isl/
100 1071 = ===z
/I
/
4
0 1072
0 50 100 150 200 10 100 f (MH2) 1000
Tamb (°C)
Vps=10V; lp =1 mA; T, =25 °C.
Fig.19 Power derating curve. Fig.20 Common source input conductance.
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Product specification

N-channel silicon junction
field-effect transistor

BF545A; BF545B; BF545C

MBB471

Vos=10V; lp=1mA; T, , =25°C.

Yos
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2z
2
A
A
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10 100 f (MHz)
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Fig.23 Common source output conductance.
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N-channel field-effect transistors
L.~ ... ... ... .- .-~ ]

FEATURES

o Low leakage level (typ. 500 fA)
o High gain
o Low cut-off voltage.

DESCRIPTION

N-channel symmetrical silicon
junction FETsina
surface-mountable SOT23
envelope. These devices are
specially designed for use as
impedance converters in (for
example) electret microphones and
infra-red detectors, and as VHF
amplifiers in oscillators and mixers.

PINNING - SOT23

Product specification

BF556A;BF556B;BF556C

PIN DESCRIPTION
1 source
2 drain
3 gate
CAUTION

The device is supplied in an
antistatic package. The
gate-source input must be
protected against static charge
during transport and handling.

April 1995

QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT

Vps drain-source voltage - 30 Vv

loss drain current Vps=15V; Vgg=0
BF556A 3 7 mA
BF556B 6 13 mA
BF556C 11 18 mA

Py total power uptoT,,=25°C |- 250 |mW
dissipation

~Vgsom | gate-source cut-off | Vps =15V, 05 |75 \"
voltage lp =200 pA

1Yyl common source Vps=15V;Vgs=0 |45 |- mS

transfer admittance

Top view

Marking codes:
BF556A: M84.
BF556B: M85.
BF556C: M86.

MAMO036

A

Fig.1 Simplified outline and symbol.
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Philips Semiconductors

Product specification

N-channel field-effect transistors

BF556A;BF556B;BF556C

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

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
+Vpg drain-source voltage - 30 \
—Vaso gate-source voltage - 30 \'
—Veoo gate-drain voltage - 30 Vv
la DC forward gate current - 10 mA
Pt total power dissipation up to Tomp = 25 °C (note 1) - 250 mW
Tag storage temperature -65 150 °C
T operating junction temperature - 150 °C

THERMAL RESISTANCE
SYMBOL PARAMETER THERMAL RESISTANCE
[= from iunction to amhient (note 1) 800 K/\W
R i from junction to ambient (note 1) 500 K/W
Note

1. Device mounted on a printed circuit board, maximum lead length 4 mm; mounting pad for the drain lead 10 mm?2.

STATIC CHARACTERISTICS
T, = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
~Vierjess gate-source breakdown Vpg=0;-lg=1pA 30 - - \
voltage
loss drain current Vps=15V; Vg =0
BF556A 3 - 7 mA
BF556B 6 - 13 mA
BF556C 1 - 18 mA
—lass reverse gate leakage Vpg=0; -Vgg =20V - 0.5 5000 pPA
current
~Vasen gate-source cut-off voltage | Vpg =15V, I = 200 pA 0.5 - 7.5 \
1Yl common source transfer [Vpg=15V; Vgg=0 4.5 - - mS
admittance
1Yol common source output Vps=15V; Vgg=0 - 40 - usS
admittance
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N-channel field-effect transistors BF556A;BF556B;BF556C

DYNAMIC CHARACTERISTICS
Ta =25 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS TYP. UNIT
Ce input capacitance Vps=15V; Vgs=10V; f=1 MHz 1.7 pF
Vpg=15V; Vg =0; f=1 MHz 3 pF
Ce feedback capacitance Vps=15V; -Vgs=10V; f=1MHz 0.8 pF
Vpg=15V; Vg =0; f=1MHz 0.9 pF
Ois common source input Vos=10V; Ip =1 mA; f = 100 MHz 15 us
conductance Vps =10 V; Ip = 1 mA; f = 450 MHz 300 us
O common source transfer Vps=10V; Ip =1 mA; f= 100 MHz 2 mS
conductance Vps=10V; Ip = 1 mA; f = 450 MHz 18 mS
~Ors common source feedback Vps=10V; o =1mA,; f = 100 MHz 6 us
conductance Vps =10 V; Ip = 1 mA; f = 450 MHz 40 us
0. common source output Vpe =10 V; I =1 mA; f = 100 MHz 30 us
conductance Vs =10V; Ip =1 mA; f = 450 MHz 60 us
V, equivalent input noise VDS =10V, I, =1mA; f=100 Hz 40 nVAHz
voltage
MRC154 MRC156
20 10
Ipss Yis
(mA) (mS)
16 8
)4
12 / 6 /r_-——
]
//
8 / 4 4
4
4 // 2
0 0
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
VGS(off) v) Vasef) (V)
Vos=15V; Ip =1 pA.
Vps=15 V.
] ) . Fig.3 Common source transfer admittance as a
Fig.2 Drain current as a function of gate-source function of gate-source cut-off voltage; typical
cut-off voltage; typical values. values.
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Philips Semiconductors Product specification
N-channel field-effect transistors BF556A;BF556B;BF556C
MRC153 MRC155
100 300
Gos
(1S) Rps(on)
80 Q)
200
p N
60 e N
/ T~
40 I
// 100
20 /
0 0
0 2 3 4 5 8 7 0 1 2 3 4 5 6 7
~Vas(oy V) Vas(orm V)
Vps=15V.

Fig.4 Common source output conductance as a
function of gate-source cut-off voltage; typical

Vps = 100 mV; Vgg =0.

Fig.56 Drain-source on-resistance as a function

Fig.6 Typical output characteristics.

values. of gate-source cut-off voltage; typical values.
5 MRC145 16 MRC146
'o — ’ Ip
(ml\)4 P /,.-—-—-"T VGS =0V (mA) VGS —0V
g I
12
/ |
/ / 05V
3 / |
I —_ 8 A~ -1V
I ——— -05V / /o |
2 / / ,/ -1.5 V]
4 L~ -2.0 V)
1 — |
-1V -2.5V
yd —
% 4 8 2 1 % 4 8 12 1
Yos V) Vos V)
BF556A BF556B

Fig.7 Typical output characteristics.
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Philips Semiconductors Product specification

N-channel field-effect transistors BF556A;BF556B;BF556C
2 MRC147 25 MRC148
Ip o
(mA) Vgs=0V (mA) BF556C
20 — 20
15 21y 15
—
1L F5568
2V 7 /
10 — — 10 A
/;/ <] 3V / /
/ et / BFSS6A
5 ﬁ/, = 5 / / f
-5V /
° 0 4 8 12 16 0 -6 -4‘/ -2 0
Vps (V) Vas V)
BF556C Vps =15 V.
- Fig.8 Typical output characteristics. Fig.9 Typical input characteristics.
MRC151
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D E T y A&y T 7T T y 1 _|G lD =10 mA
(u A)1 00 BF556C—7 BF5568 BF556A (oA) v
— f——+1— 10 1 ma
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g —r—— / /
1 1= Ié 7
o e s | B S — — — lass —t 77
0.1 — /17
——— =i == : L~ Y
| H i i 0.1 0.1 mAj
0.01
e e s s s
0.001 " N N | SN — 0.1
-7 -6 -5 -4 -3 -2 -1 0 0 4 8 12 16 20
Vs V) Vpg V)
Vps=15 V. (I = 10 mA only for BF556B and BF556C).
Fig.10 Drain current as a function of Fig.11 Gate current as a function of drain-gate
gate-source voltage; typical values. voltage; typical values.
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Product specification

N-channel field-effect transistors BF556A;BF556B;BF556C
1000 MRC150 300 MRC166
lass Z
(PA) A Rlot
100 = e (mW)
/- 200
’0%@
—
1
—7 100
0.1 4
0.01
-50 0 50 100 150 %o 50 100 150
7 (o) Tamp (°C)
Vps = 0; -Vgs =20 V.
Fig.12 Gate current as a function of junction
temperature; typical values. Fig.13 Power derating curve.
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08 (PF)
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0.6 L — —|
04
1
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0 0
-10 -8 -6 -4 -2 0 -10 -8 -6 -4 -2 0
Vas V) Ves M
Vps =15 V. Vps =15 V.
Fig.14 Typical feedback capacitance. Fig.15 Typical input capacitance.
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N-channel field-effect transistors BF556A;BF556B;BF556C
MRC142 MRC141
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is. bis T T
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A
y4 , 9te 1 N
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7
/
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10 100 f MHz) 10 100 gy 0%
Vps =10 V;lp =1 mA; T, =25 °C. Vos =10 V; Ip =1 MA; Ty, = 25 °C.
Fig.16 Common source input conductance; Fig.17 Common source transfer conductance;
typical values. typical values.
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Vos =10 V; Iy =1 mA; T,,, = 25 °C. Vs =10 V; Ip =1 mA; T,, = 25 °C.
Fig.18 Common source feedback conductance; Fig.19 Common source output conductance;
typical values. typical values.
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N-channel field-effect transistors BF556A;BF556B;BF556C
10° MRC278
Va
(U,
N
102
N
10 I =
m I~
‘10 102 10° M S
1 (Hz)
Vps=10V; Iy =1mA.
Fig.20 Equivalent noise voltage as a function
of frequency.
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Philips Semiconductors Product specification

N-channel junction FETs BF851A; BF851B; BF851C

FEATURES

High transfer admittance
¢ Low input capacitance
Low feedback capacitance

e Low noise. .
2
3 - d
APPLICATIONS D — g .
» Preamplifiers for AM tuners in car radios. MAMO42
DESCRIPTION

N-channel symmetrical junction field effect transistors in a
SOT54 (TO-92) package.

Fig.1 Simplified outline and symbol.
PINNING - SOT54 (T0-92)

PIN SYMBOL DESCRIPTION CAUTION
1 g gate The device is supplied in an antistatic package. The
2 s source gate-source input must be protected against static
3 d drain discharge during transport or handling.
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vps drain-source voltage (DC) - 25 Vv
Inss drain current Vgs=0;Vps=8YV
BF851A 2 6.5 mA
BF851B 6 15 mA
BF851C 12 25 mA
Piot total power dissipation up to Tamp = 40 °C - 400 mwW
yts | forward transfer admittance Veg=0; Vps =8V
BF851A 12 20 mS
BF851B 16 25 mS
BF851C 20 30 mS
Ciss input capacitance f=1MHz - 10 pF
Crss reverse transfer capacitance f=1MHz - 3 pF
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Philips Semiconductors

Product specification

N-channel junction FETs

BF851A; BF851B; BF851C

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT

Vps drain-source voltage (DC) - 25 \Y
Vaso gate-source voltage open drain - 25 Y
Vbaeo drain-gate voltage (DC) open source - 25 \

la forward gate current (DC) - 10 mA
Piot total power dissipation up to Tgmp =40 °C; note 1 |- 400 mwW
Tstg storage temperature -65 +150 °C
T operating junction temperature - 150 °C
Note

1. Device mounted on an epoxy printed-circuit board; maximum lead length 4 mm; mounting pad for the drain lead
minimum 10 mm?2.

MBD478

600

Fot

(mW)

400

200

50 o 15
Tamp ()

Fig.2 Power derating curve.
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N-channel junction FETs BF851A; BF851B; BF851C

THERMAL CHARACTERISTICS

SYMBOL PARAMETER VALUE UNIT
Rih j-a thermal resistance from junction to ambient; note 1 250 KW
Note

1. - Device mounted on an epoxy printed-circuit board; maximum lead length 4 mm; mounting pad for the drain lead
minimum 10 mm2,

CHARACTERISTICS
T; =25 °C; Vps = 8 V; Vgs = 0; unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. _UNIT
V(BR)Gss gate-source breakdown voltage | Ig = -1 pA -25 - - \
VGsoff gate-source cut-off voltage Ib=1pA

BF851A -0.2 - -1 \Y

BF851B -0.5 - -1.5 Vv

BF851C -0.8 - -2 \
Vass gate-source forward voltage Vps=0;lg=1mA - - 1 \'
lpss drain current

BF851A 2 - 6.5 mA

BF851B 6 - 15 mA

BF851C 12 - 25 mA
lgss gate cut-off current Vgs=-20V; Vps=0 - - -1 nA
Lyl forward transfer admittance

BF851A 12 - 20 mS

BF851B 16 - 25 mS

BF851C 20 - 30 mS
Gos common source output

conductance

BF851A - - 200 pus

BF851B - - 250 usS

BF851C - - 300 usS
Ciss input capacitance f=1MHz - - 10 pF
Crss reverse transfer capacitance f=1MHz - 2.4 3 pF
VB equivalent input noise voltage |Vgs=0;f=1MHz - 15 - nVAHz
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Product specification

N-channel junction FETs

BF851A; BF851B; BF851C

MBD.
30 461 300 MBD462
'pss Yos
(mA) 4 (1S)
20 200
/ J
10 // 100
/ g
0 0
0 -05 -1 -15 -2 0 5 10 15 20 25
Vasoft (V) Ipss MA)
Vps=8V.
Vps=8V. Vas =0.
Fig.3 Drain current as a function of gate-source Fig.4 Common-source output conductance as
cut-off voltage; typical values. a function of drain current; typical values.
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Fig.5 Forward transfer admittance as a Fig.6 Forward transfer admittance as a
function of drain current; typical values. function of drain current; typical values.
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Product specification

N-channel junction FETs

BF851A; BF851B; BF851C

Fig.9 Typical input characteristics.
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0 0
-1 -08 -06 -04  -02 0 0 2 4 8 10
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Vps=8V. Vps=8V.
Fig.7 Typical input characteristics. Fig.8 Typical output characteristics.
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Fig.10 Typical output characteristics.
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N-channel junction FETs BF851A; BF851B; BF851C
MBD469 MBD470
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Fig.11 Typical input characteristics. Fig.12 Typical output characteristics.
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Fig.13 Inputand reverse transfer capacitance
as functions of gate-source voltage; Fig.14 Gate current as a function of
typical values. drain-gate voltage; typical values.
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Product specification

N-channel junction FETs

BF851A; BF851B; BF851C

MBD473

Fig.17 Common-source reverse admittance;
typical values.
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Fig.15 Equivalentinput noise as a function of Fig.16 Common-source input
frequency; typical values. admittance; typical values.
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Fig.18 Common-source forward transfer
admittance; typical values.
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N-channel junction FETs BF851A; BF851B; BF851C
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Fig.19 Common-source outputadmittance;
typical values.
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N-channel junction FETs

FEATURES

» High transfer admittance

e Low input capacitance

o Low feedback capacitance
¢ Low noise.

APPLICATIONS

o Preamplifiers for AM tuners in car radios.
DESCRIPTION

N-channel symmetrical junction field effect transistors in a
SOT23 package.

PINNING - SOT23

Productspecification

BF861A; BF861B; BF861C

Top view

Marking codes:
BF861A: M33.
BF861B: M34.
BF861C: M35.

d
& S

MAMO036

Fig.1 Simplified outline and symbol.

PIN SYMBOL DESCRIPTION
1 g gate
2 S source
3 d drain

CAUTION

The device is supplied in an antistatic package. The
gate-source input must be protected against static
discharge during transport or handling.

QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vps drain-source voltage (DC) - 25 \Y
Ipss drain current Vgs=0; Vpg=8V

BF861A 2 6.5 mA

BF861B 6 15 mA

BF861C 12 25 mA
Piot total power dissipation up to Tomp =25 °C - 250 mwW
sl forward transfer admittance Vas=0; Vps=8V

BF861A 12 20 mS

BF861B 16 25 mS

BF861C 20 30 mS
Ciss input capacitance f=1MHz - 10 pF
Crss reverse transfer capacitance f=1MHz - 2.7 pF
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Philips Semiconductors Product specification

N-channel junction FETs BF861A; BF861B; BF861C
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS . MIN. MAX. UNIT
Vps drain-source voltage (DC) - 25 \Y
Vaso gate-source voltage open drain - 25 \Y
Vbeo drain-gate voltage (DC) open source - 25 \Y
la forward gate current (DC) - 10 mA
Piot total power dissipation upto Tamp=25°C; note 1 |- 250 mwW
Tstg storage temperature -65 +150 °C
T; operating junction temperature . - 150 °C
Note

1. Device mounted on an FR4 printed-circuit board.

MRC166

300

tot
(mW)

200

100

0 o, 150
Tamb ("C)

Fig.2 Power derating curve.
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N-channel junction FETs BF861A; BF861B; BF861C
THERMAL CHARACTERISTICS
SYMBOL PARAMETER VALUE UNIT
Rih j-a thermal resistance from junction to ambient; note 1 500 KW
Note

1. Device mounted on an FR4 printed-circuit board.

CHARACTERISTICS
T; =25 °C; Vps = 8 V; Vgs = 0; unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
V(BRr)Gss gate-source breakdown voltage | Ig = -1 pA -25 - - \
Vasoff gate-source cut-off voltage Ip=1pA

BF861A -0.2 - -1 \Y

BF861B -0.5 - -1.5 \

BF861C -0.8 - -2 \Y
Vass gate-source forward voltage Vps=0;lg=1mA - - 1 \
Ipss drain current

BF861A 2 - 6.5 mA

BF861B 6 - 15 mA

BF861C 12 - 25 mA
lass gate cut-off current Vgs=-20V; Vps=0 - - -1 nA
[ vts | forward transfer admittance

BF861A 12 - 20 mS

BF861B . 16 - 25 mS

BF861C 20 - 30 mS
Jos common source output

conductance

BF861A - - 200 us

BF861B - - 250 us

BF861C - - 300 us
Ciss input capacitance f=1MHz - - 10 pF
Crss reverse transfer capacitance f=1MHz - 241 27 pF
VB equivalent input noise voltage | Vgs =0; f=1MHz - 15 - nVAHz
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Product specification

N-channel junction FETs

BF861A; BF861B; BF861C

MBD461
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Fig.3 Drain current as a function of gate-source
cut-off voltage; typical values.
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Fig.4 Common-source output conductance as
a function of drain current; typical values.
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Fig.5 Forward transfer admittance as a
function of drain current; typical values.
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Fig.6 Forward transfer admittance as a
function of drain current; typical values.
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N-channel junction FETs BF861A; BF861B; BF861C

MBD465 MBD466
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Fig.7 Typical input characteristics. Fig.8 Typical output characteristics.
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Product specification

N-channel junction FETs

BF861A; BF861B; BF861C

MBD462
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Fig.11 Typical input characteristics.
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Fig.12 Typical output characteristics.
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Fig.13 Inputand reverse transfer capacitance
as functions of gate-source voltage;
typical values.
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Fig.14 Gate current as a function of
drain-gate voltage; typical values.
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MBD473

MBD474

Fig.17 Common-source reverse admittance;
typical values.
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Fig.15 Equivalentinput noise as a function of Fig.16 Common-source input
frequency; typical values. admittance; typical values.
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Fig.18 Common-source forward transfer
admittance; typical values.

1995 Apr 14

145




Philips Semiconductors

Product specification

N-channel junction FETs

BF861A; BF861B; BF861C

MBD477
102
9osPos
(mS)
’/
10
[,
/ 4
//'bos Y
1 7 =
=
,/
P
41T 9os
107"
10 102 f (MH2) 108
Vps=8V.

VGS =0.

Tamb = 25 °C.

Fig.19 Common-source outputadmittance;
typical values.
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Silicon n-channel dual gate BF901; BF901R

MOS-FETs
A S T SR M SRS
FEATURES QUICK REFERENCE DATA
» Intended for low voltage operation SYMBOL PARAMETER TYP. | MAX. | UNIT
e Short channel transistor with high Vos drain-source voltage - 12 \

ratio 1Y :C,q I drain current - 30 mA
e Low noise gain-controlled Pey total power dissipation - 200 |{mw

amplifier to 1 GHz

T. i i _ 1 o,
BF901R has reverse pinning. : Junction temperature il C

1Yl transfer admittance 28 35 mS
Cigs-s input capacitance at gate 1 235 |2.75 |pF
Cs feedback capacitance 25 - fF
Enhancement type field-effect F noise figure at 800 MHz 17 |- |oB
transistors in plastic microminiature
SOT143 and SOT143R envelopes,
with source and substrate
interconnected. They are intended
for UHF and VHF applications, such d
as television tuners and professional
communications equipment
especially suited for low voltage 4
operation. These MOS-FET tetrodes 1

are protected against excessive 1 I-}
input voltage surges by integrated 1 2 P
back-to-back diodes between gates
and source. Top view MSBo14 s,b
MBB087 - 1 1

DESCRIPTION

PINNING
PIN DESCRIPTION

Marking code: MO1.

source Fig.1 Simplified outline (SOT143) and symbol.
drain

gate 2
gate 1

W N -

nRn é

l__l 2 1 -

Top view MSB035 sb
MBBo87 - 1 1

Marking code: MO2.

Fig.2 Simplified outline (SOT143R) and symbol.
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BF901; BF901R

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

SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
Vps drain-source voltage - 12 \"
Va2 drain-gate 2 voltage - 6 \

Ip DC drain current - 30 mA
s gate 1-source current - 10 mA
Heos gate 2-source current - 10 mA
Pt total power dissipation
BF901 up to T, = 50 °C (note 1) - 200 |mwW
BF901R up to T, = 40 °C (note 1) - 200 |mwW
Tag storage temperature -65 (150 (°C
T junction temperature - 150 |°C
THERMAL RESISTANCE
SYMBOL PARAMETER THERMAL RESISTANCE
Ry ja thermal resistance from junction to ambient (note 1)
BF901 500 KW
BF901R 550 K'W
Note

1. Device mounted on an FR4 printboard.

MBB756

240
Ptot \
(mW) \
BF901R \\ BF901
\
120
\\
N
AN
\
\
0
0 50 100 150

Fig.3 Power derating curve.

Tamb (°c)
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Silicon n-channel dual gate

MOS-FETs BF901; BF901R
STATIC CHARACTERISTICS
T;=25°C.

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Harss gate 1 cut-off current tVg.s=5V; Vars=Vps=0 - 50 nA
*laoss gate 2 cut-off current Vs =5V; Vais=Vps=0 - 50 nA
*Vgra1ss | gate 1-source breakdown voltage |+lg.ss =10 MA; Vg, 5= Vps =0 6 20 Vv
Veriaess | gate 2-source breakdown voltage |lg,.ss =10 MA; Vs =Vps =0 6 20 \
Vai-sgh) gate 1-source threshold voltage Ip =20 pA; Vpg =8V, Vgs=4V 0 0.7 \
Vaz-sgn) gate 2-source threshold voltage Ip =20 pA; Vps=8V; Vg5=0 0.3 1 \
lpsx drain-source current Vps=4V; Vgs=1.1V; Vg 5=34V |2 18 mA

DYNAMIC CHARACTERISTICS
Measuring conditions (common source): lp = 14 mA; Vpg=5V; V5,5 =4 V; T, = 25 °C.

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Yl transfer admittance pulsed; T;= 25 °C 25 28 35 mS
Cigis input capacitance atgate 1 [ f=1 MHz - 2.35 2.75 pF
Cigzs input capacitance atgate 2 | f=1MHz - 1.2 - <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>