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USE IN LIFE SUPPORT DEVICES FOR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 

SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITIEN APPROVAL OF THE PRESIDENT OF SGS-THOMSON 
Microelectronics. As used herein: 

1 . Life support devices or systems are those which (a) are 
intended for surgical implant into the body, or (b) support 
or sustain life, and whose failure to perform, when proper­
ly used in accordance with instructions for use provided 
with the product, can be reasonably expected to result in 
significant injury to the user. 

2. A critical component is any component of a life support 
device or system whose failure to perform can reason­
ably be expected to cause the failure of the life support 
device or system, or to affect its safety or effectiveness. 
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------INTRODUCTION -------

For many years SGS-THOMSON has been amongst the formost innovators in power 
transistor technology for switching applications. This is well evidenced by the high 
current and voltage range, the range of isolated packages and by data sheets that fit 
designers' needs. 

The databook presents the bipolar transistors, both standard and easy-to-drive (ETD}, 
Power MOSFETs, IGBTs and fast recovery power diodes that are avaiable in ISOTOP 
and TRANSPACK(T0-240) power modules. 

The databook features: 

TRANSISTORS - with and without free-wheeling diode, 
DARLINGTONS- with and without free-wheeling diode, 
HALF-BRIDGE configurations with free-wheeling diode 
POWER MOSFETs 
IGBTs with free-wheeling diode 
and an associated range of very fast recovery power 
RECTIFIER DIODES in the ISOTOP package. 

From the wide choice of current, voltage and power dissipation presented in this 
databook, it is possible to select the optimum device for all power control designs for 
industrial, computer and telecom applications. 

The large investment that has been made in manufacturing these devices ensures the 
best seNice together with an excellent quality level, making them indispensible for all 
power control applications. 

----------------------~~~Dl~~4-----------------------
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ALPHANUMERICAL INDEX ----

Type Page Type Page Type Page 

BUF298 .......... 139 IRFK6H350 . . . . . . . . 551 TS02M350 ........ 335 

BUF298A ......... 145 IRFK6H450 . . . . . . . . 553 TS02M450 ........ 337 

BUF460 .......... 151 SGS250A0800 . . . . . 457 TS04M150 ........ 339 

BUF460A ......... 157 SGS250B0700 . . . . . 497 TS04M151 ........ 345 

BUF4600 ......... 163 SGS250B0800..... 501 TS04M250 ........ 351 

BUF824 .......... 169 SGS300A0600..... 461 TS04M251 ........ 357 

BUF832 .......... 171 SGS300A0700 . . . . . 465 TS04M350 ........ 363 

BUT30 ........... 173 SGS300B0400 . . . . . 505 TS04M351 ........ 369 

BUT32 ........... 179 SGS300B0450 . . . . . 509 TS04M450 ........ 375 

BUT230 .......... 185 SGS30MA05001 . . . 555 TS04M451 ........ 381 

BUT232 .......... 191 SGS350B0700 . . . . . 513 TS05MG40 ....... 387 

BUV98 ........... 197 SGS350B0800 . . . . . 517 TS020N100 ....... 393 

BUV98A .......... 203 SGS35MA05001 . . . 561 TS022N80 ........ 395 

BUV298 .......... 209 SGS40TA045 . . . . . . 449 TS040N500 ....... 397 

BUV298A ......... 215 SGS40TA0450 . . . . . 453 TS0180N10 ....... 399 

ESM20120 ....... 221 TS0200N05 ....... 401 SGS50DA0450 . . . . . 469 

ESM20300 ••• 0 ••• 227 TS0250N05 ....... 403 SGS500A0800 . . . . . 473 

ESM30300 ....... 233 TSG25N1 000 ...... 325 SGS500B0400 . . . . . 521 

ESM3045A • 0 ••••• 239 TSG50N500 ....... 331 SGS500B0450 . . . . . 525 

ESM30450 ....... 245 SGS600A0700 . . . . . 477 

ESM4045A ....... 251 SGS800A0200..... 481 

ESM40450 ....... 257 DIODES SGS1 OOOA0200 . . . . 485 

ESM50450 ....... 263 SGS1 OOMA01 001 . . 567 

ESM6045A ....... 269 BYT230PI 200--.400 405 SGS1500A0200 . . . . 489 

ESM60450 ....... 275 BYT230PI 600/800 411 SGS150MA01 001 . . 573 

ESM75450 ••• 0 ••• 281 BYT230PI 1000 .... 417 SGS2500A0130 . . . . 493 

ESMT50700 ...... 287 BYT230PI 1200 .... 423 STF4045A . . . . . . . . . 289 

IRFK4H150 ....... 529 BYT261 PI 200--. 400 427 STF40450 . . . . . . . . 295 

IRFK4H250 ....... 535 BYT261 PI 600/800 431 STF6045A......... 301 

IRFK4H450 ....... 541 BYT261 PI 1000 .... 435 STF60450 . . . . . . . . 307 

IRFK6H150 ....... 547 BYV54 SO-. 200 ... 439 STF8045A......... 313 

IRFK6H250 . . . . . . . 549 BYV255 50--. 200 .. 445 STF80450 . . . . . . . . 319 

------------------------ ~~~~@~~~l9~ ------------------------
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ALPHABETICAL LIST OF SYMBOLS 

Cos 
Ccso 
Cos 
CGo 
CGS 
Ciss 
Coss 
Crss 

D.U.T. 
Es!b 

f 

IT 
9fe 

9fs 
hFE 
Is 

IB1 
IB2 
IBM 

lc 
lcso 
I cEO 
ICER 

ICES 
ICEV 
ICEX 

ICM 
ICRMS 

lo 
IDLM 

I oM 
loss 

IE 

lEBO 
IF 

IFM 

IG 
IGES (IGOS) 

IGSS 
IN 
IR 

IRM 

I sib 
I so 

Is oM 
L 

Ptot 
Pw 
Orr 
RBB 
RsE 

Rcc 
Ros(on) 

Parasitic capacitance between drain and body 
Collector-base capacitance (emitter open to a.c. and d.c.) 
Parasitic capacitance between drain and source 
Parasitic capacitance between gate and drain 
Parasitic capacitance between gate and source 
Input capacitance 
Output capacitance 
Reverse transfer capacitance 
Device under test 
Second breakdown energy (with base-emitter junction reverse biased) 
Frequency 
Transition frequency 
Forward transconductance for IGBT 
Forward transconductance for POWER MOS 
Common emitter static current gain 
Base current 
Turn-on current base current 
Turn-off current base current 
Base peak current 
Collector current 
Collector cut-off current with emitter open 
Collector cut-off current with base open 
Collector cut-off current with specified resistance between emitter and base 
Collector cut-off current with emitter short-circuited to base 
Collector cut-off current with specified reverse voltage between emitter and base 
Collector cut-off current with specified circuit between emitter and base 
Collector peak current 
RMS collector current 
Drain current 
Drain peak current, inductive load 
Drain peak current 
Zero gate voltage drain current 
Emitter current 
Emitter cut-off current with collector open 
Rectifier continuous DC forward current 
Diode peak forward current 
Gate current 
Gate-body leakage current with coli-emit! short circuited for IGBT 
Gate-body leakage current with drain short circuited to source 
Nominal current 
Continuous DC reverse current for a diode 
Peak reverse current for a diode 
Second breakdown collector current (with base-emitter junction forward biased) 
Source-drain diode current 
Source-drain diode peak current 
Load inductance of a specified circuit 
Total power dissipation 
Pulse width 
Reverse recovery charge 
Base dropping resistance 
Resistance between base and emitter 
Collector dropping resistance 
Static drain-source on resistance 

------------------------------ ~~~~~2~~~~~ -------------------------------
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REE 
RG 

RGE 
RGS 

R; 
RL 
rs 

Rth 

Rth j-case 

Rth-jamb 

t 
lc 
ld 

ld(off) 

ld(on) 

It 

I off 

ton 

lp 

lr 

lr(ofij 

lrr 
Is 

IIRM 
Tamb 

Tease 

Tj 

Tstg 

T1 
VBE 

VBE (sat) 

V(BR) CBO 

V(BR) CEO 

V(BR) CER 

V(BR) CES 

V(BR) CEV 

V(BR) CEX 

V(BR) EBO 

V(BR)DSS 

VcB 

Vcso 
Vee 

VeE 

VCE(sat) 

VCEK 

VcEO 

VcEO(sus) 

VeER 

VcER(sus) 

VcES 

VcEV 

VcEV(sus) 

Emitter dropping resistance 
Gate series resistance 
Gate-emitter resistance 
Gate-source resistance 
Generator internal resistance 
Load resistance 
Series resistance 
Thermal resistance 
Thermal resistance junction-case 
Thermal resistance junction-to-ambient 
Time 
Crossover time 
Delay time 
Turn-off delay time 
Turn-on delay time 
Fall time 
Turn-off time 
Turn-on time 
Pulse width -pulse duration 
Rise time 

ALPHABETICAL LIST OF SYMBOLS 

Rise time of collector voltage for switching off. 
Reverse recovery time of a diode 
Storage time 
Recovery time for maximum value of recovery current (IRM) 
Ambient temperature 
Case temperature 
Junction temperature 
Storage temperature 
Maximum lead temperature for soldering purpose 
Base-emitter saturation voltage 
Base-emitter voltage 
Collector-base breakdown voltage with emitter open 
Collector-emitter breakdown voltage with base open 
Collector-emitter breakdown voltage with specified resistance RsE 
Collector-emitter breakdown voltage with emitter short-circuited to base 
Collector-emitter breakdown voltage with specified reverse voltage between emitter and 
base, rs=O 
Collector-emitter breakdown voltage with specified circuit between emitter and base 
Emitter-base breakdown voltage with collector open 
Drain-source breakdown voltage with gate short circuited to source 
Collector-base voltage 
Collector-base voltage with emitter open 
Collector DC voltage ~upply 
Collector-emitter voltage 
Collector-emitter saturation voltage 
Knee voltage at specified condition 
Collector-emitter voltage with base open 
Collector-emitter sustaining voltage with base open 
Collector-emitter voltage with specified resistance between emitter and base 
Collector-emitter sustaining voltage with specified resistance between emitter and base 
Collector-emitter voltage with emitter short-circuited to base 
Collector-emitter voltage with specified reverse voltage between emitter and base 
Collector-emittersustaining voltage with specified reverse voltage between emitter and base 
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VCEW 
VcEX(sus) 

Vctamp 

VoG 
VDGR 

Vos 
Vos(on) 

VEB 
VEBO 

VF 
VFM 
VGE 

VGE(th) 

VGS 

VGS(th) 

Vt 

VR 

VRM 
VRRM 
Vso 

0 
~T 

Maximum collector-emitter voltage at turn-off with a specified current and base drive 
Collector-emitter sustaining voltage with specified circuit between emitter and base 
Drain clamping voltage 
Drain-gate voltage 
Drain-gate voltage with specified resistance between gate and source 
Drain-source voltage 
Drain-source on state voltage 
Emitter-base voltage 
Emitter-base voltage with collector open 
Continuous DC forward voltage for a diode 
Peak forward voltage for a diode 
Gate-emitter voltage 
Gate threshold voltage for IGBT 

Gate-source-voltage 
Gate threshold voltage 
Input voltage of a specified circuit 
Continuous DC reverse voltage for a diode 
Peak reverse voltage for a diode 
Repetitive peak reverse voltage 
Source-drain diode forward on voltage 
Duty cycle 
Temperature variation 



SELECTION GUIDE 

SCREW VERSION FAST-ON VERSION 

For configuration 1 For other configurations For configuration 1 For other configurations 

Internal schematic diagrams 

::§b :~ 
Configuration 1 Configuration 2 Configuration 3 Configuration 4 Configuration 5 Configuration 6 

BIPOLAR IN ISOTOP 

VcEo VcEv lc ( .. ) VcE(sat)@ lc I Is Is ,, 
Ptot 

Type (.) (.&.) (.&.) Configuration 
(V) (V) (A) (V) (A) (A) (JlS) (JlS) IJ'J) 

ESM2012DFIV 125 150 120 2 100 1 2 0.3 175 
BUT30FIV 125 200 100 1.5 100 10 2 0.2 250 
BUT230FIV 125 200 200 1.2* 200 20 2 0.3 300 
ESM2030DFIV 300 400 67 2.2 56 1.6 3 0.6 150 
BUT32FIV 300 400 80 1.9 40 4 3 0.4 250 
ESM3030DFIV 300 400 100 2.2 85 2.4 3.5 0.6 225 
BUT232FIV 300 400 140 1.9 70 7 5 0.4 300 
ESM3045DFIV 450 600 24 2 20 1.2 4 0.4 125 
ESM4045DFIV 450 600 42 2 35 2 4.5 0.5 150 
STF4045DFIV 450 600 42 2 35 2 4.5 0.3 150 
ESM5045DFIV 450 600 60 2 50 2.8 5 0.5 175 
ESM7545DFIV 450 600 75 2.7 50 1 8 1.5 250 
BUF460DFIV 450 600 80 2 60 12 5 0.2 270 
ESM6045DFIV 450 600 84 2 70 4 5.5 0.5 250 
STF6045DFIV 450 600 84 2 70 4 5 0.4 250 
STF8045DFIV 450 600 100 2 85 4.9 5.5 0.5 270 
BUV98FIV 450 850 30 5** 20 4 5 0.4 150 
BUF298FIV 450 850 50 2 32 5.4 4.5 0.4 250 
BUV298FIV 450 850 60 2 32 8 4.5 0.4 250 
BUF460FIV 450 850 80 2 60 12 5 0.2 270 
ESM3045AFIV 450 1000 22 2 18 0.72 4.5 0.5 125 
BUV98AFIV 450 1000 30 1.5** 16 3.2 5 0.4 150 
ESM4045AFIV 450 1000 36 2 30 1.2 5 0.6 150 
STF4045AFIV 450 1000 36 2 30 1.2 5 0.3 150 
BUF298AFIV 450 1000 50 2 32 6.4 4.5 0.2 250 
BUV298AFIV 450 1000 50 2 32 6.4 4.5 0.4 250 
ESM6045AFIV 450 1000 72 2 60 2.4 6 0.6 250 
STF6045AFIV 450 1000 72 2 60 2.4 6 0.4 250 
BUF460AFIV 450 1000 80 2 60 12 5 0.2 270 
STF8045AFIV 450 1000 100 2 72 2.9 6 0.6 270 
ESMT5070DFIV 700 1000 50 3.5 30 0.3 14* 1.5* 300 
BUF824F!V 800 1200 36 2 24 6 6.5'' 0.1 * 270 
BUF832FIV 800 1200 48 2.2 32 8 8'" 0.1 * 300 

(.) Vceo Sustammg. ( .. ) Max Value at TJ = 1 OO'C. (.&.) Max Value, 1nduct1ve Load and TJ=100'C. * Typ1cal value ** T, = 25'C 

Note: Final Dig1t F =Fast-on; V =Screw. 

5 
1 
2 
5 
1 
5 
2 
5 
5 
5 
5 
5 
3 
5 
5 
5 
1 
1 
1 
2 
4 
1 
4 
4 
1 
1 
4 
5 
2 
4 
6 
2 
2 

------------------------------ ~~~~@~~~~~?~~ ------------------------------
11 



SELECTION GUIDE 

SCREW VERSION FAST-ON VERSION 

Internal schematic diagrams 

.J~ 
4 , 

Configuration 13 Configuration 14 

POWER MOS IN ISOTOP 

Vos lo lo Ros(an)@ lo/Vgs Pta! 
Type Tc:25°C Tc:100°C Configuration 

(V) (A) (Ohm) (A) (V) (W) 

TSD250N05FN 50 250 155 0.004 - - 500 13 

TSD200N05F/V 50 200 126 0.006 - - 400 13 

TSD4M151FN 80 135 85 0.014 70 10 500 13 

TSD180N10FN 100 180 112 0.007 - - 500 13 

TSD4M150FN 100 135 85 0.014 70 10 500 13 

TSD4M251FN 150 110 69 0.021 60 10 500 13 

TSD4M250FN 200 110 69 0.021 60 10 500 13 

TSD4M351FN 350 50 31 0.075 30 10 500 13 

TSD4M350FN 400 50 31 0.075 30 10 500 13 

TSD2M350FN 400 30 19 0.15 18 10 300 13 

TSD4M451FN 450 45 28 0.1 28 10 500 13 

TSD4M450FN 500 45 28 0.1 28 10 500 13 

TSD40N50DFN 500 40 24 0.12 - - 500 13 

TSD2M450FN 500 26 16 0.2 13 10 300 13 

TSD22N80FN 800 22 13.7 0.4 12 10 400 13 

TSD20N100FN 1000 20 12.5 0.5 - - 500 13 

TSD5MG40FN 1000 17 10.7 0.7 9 10 500 13 

Note: Final Digit F = Fast-on V = Screw. 

IGBT IN ISOTOP 

Vces lc lc V CE(sat) @ lc I V ge t, Pta! 
Type Tc:90°C 0 Configuration 

(V) (A) (A) (V) (A) (V) (I!S) (W) 

TSG50N50DF/DV 500 100 50 3.3 50 15 *0.4 300 14 

TSG25N1 OODF/DV 1000 50 25 3.5 25 15 *0.8 300 14 

*Typical value o Inductive Load. 

---------------------------- ~~~~~~~~~ -----------------------------
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SELECTION GUIDE 

T0-240 TQ-240A 

4 

Internal schematic diagrams 

Configuration 10 Configuration 12 

POWER MOS IN T0-240 

V(BR)DSS lo lo Ros(on)@ loNGs Ptot 
Type Tc=100°C Configuration 

(V) (A) (A) (Q) (A) (V) (W) 

SGS150MA01 OD1 100 150 95 0.009 75 10 400 10 

IRFK6H150 100 150 120 0.010 100 10 625 12 

IRFK4H150 100 145 90 0.014 80 10 500 12 

SGS 1 OOMA01 OD1 100 120 75 0.014 50 10 400 10 

IRFK6H250 200 140 90 0.015 90 10 625 12 

IRFK4H250 200 108 68 0.021 64 10 500 12 

IRFK6H350 400 75 48 0.050 48 10 625 12 

IRFK6H450 500 66 42 0.067 42 10 625 12 

IRFK4H450 500 44 28 0.100 28 10 500 12 

SGS35MA050D1 500 35 22 0.160 17.5 10 400 10 

SGS30MA050D1 500 30 19 0.200 15 10 400 10 

---------------------------- ~~~~@~g~~~~©~ -----------------------------
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SELECTION GUIDE 

T0-240 
Single switch 

Internal schematic diagrams 

Configuration 6 Configuration 7 

BIPOLAR IN T0-240 

Vceo Vcev lc 

Type 

(V) (V) (A) 

SGS250DA013D 130 200 250 

SGS80DA020D 200 300 80 

SGS1 OODA020D 200 300 100 

SGS150DA020D 200 300 150 

SGS30DB040D 400 500 30 

SGS50DB040D 400 500 50 

SGS30DB045D 450 600 30 

SGS50DB045D 450 600 50 

SGS40TA045D 450 850 40 

SGS40TA045 450 850 40 

SGS50DA045D 450 850 50 

SGS30DA060D 600 1000 30 

SGS25DB070D 700 1000 25 

SGS35DB070D 700 1000 35 

SGS30DA070D 700 1200 30 

SGS60DA070D 700 1200 60 

SGS35DB080D 800 1200 35 

SGS25DA080D 800 1200 25 

SGS25DB080D 800 1200 25 

SGS50DA080D 800 1200 50 

Configuration 8 

Vce(sat)@ lc /Ia 

(V) (A) (A) 

2.5 250 3.3 

2 80 1 

2 100 1 

2 150 2 

3 30 2 

3 50 5 

3 30 2 

3 50 5 

2 40 8 

2 40 8 

2.5 50 2 

2.5 30 1.5 

3 25 2.5 

3 35 3.5 

2.5 30 1.5 

3 60 2 

3 35 3.5 

3 25 2.5 

3 25 2.5 

3 50 2.5 

T0--240 
Half bridge 

ts tr 
TJ = 125°C 

(J.LS) (J.LS) 

6 1 

4 0.6 

4 0.6 

5 0.8 

3 0.7 

3 0.7 

3 0.7 

3 0.7 

5 0.55 

5 0.55 

5 0.6 

6 0.8 

5 1.5 

5 1.5 

6 0.8 

6 0.8 

5 1.5 

6 0.8 

5 1.5 

6 0.8 

Configuration 9 

Ptot 

Configuration 

(W) 

400 8 

375 8 

375 8 

400 8 

375 9 

375 9 

375 9 
375 9 

375 7 

375 6 

375 8 

375 8 

375 9 

400 9 
375 8 
400 8 

400 9 

375 8 

375 9 

400 8 

---------------------------- ~~~@~~~~~4 -----------------------------
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2 

FAST RECOVERY DIODES 

Type loAITcase 

BYV54- 50 

BYV54-100 2 X 50 
gooc 

BYV54-150 

BYV54-200 

BYV255-50 

BYV255-100 2 X 100 
11ooc 

BYV255-150 

BYV255-200 

BYT230PI-200 

2 X 30 
BYT230PI-300 60°C 

BYT230PI-400 

BYT230PI-600 

BYT230PI-800 2 X 30 
50°C 

BYT230PI-1000 

BYT230PI-1200 

BYT261 Pl-200 
2 X 60 

BYT261 Pl-300 80°C 

BYT261 Pl-400 

BYT261 Pl-600 

BYT261 Pl-800 
2 X 60 
60°C 

BYT261PI-1000 

SELECTION GUIDE 

SCREW VERSION FAST-ON VERSION 

VRv IFSMA VFViiFA lrr Suffix 
Tr=100°C ns 

50 

100 
1000 0.85V 60 F 

50 A v 
150 

200 

50 

100 1600 0.85 v 80 F 
100A v 

150 

200 

200 

350 1.4 v 50 300 30A 

400 F 
v 

600 
55 

BOO 200 1.8 v 
1000 

70 
1200 

200 

600 1.4 v 50 300 60A 

400 F 
v 

600 

1.8 v 65 
800 400 60A 

1000 70 

---------------------------- ~~~@~~~~~~©~ -----------------------------
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PACKAGE INTERNAL DESCRIPTION 

T0-240 HIGH CURRENT CONNECTIONS 
LED 

FASTON DRIVE 
CON 

The T0-240 is a well established "Package" in the industrial electronics field. 
SGS-THOMSON TRANSPACK power modules conform to this standard outline whilst offering improved 
performance. The TRANSPACK range provides choice and flexibility. SGS-THOMSON offer a wide choice 
of transistors and POWER MOS chips to cope with varying application requirements. 
Quality and Reliability is ensured by the proven high volume technology of SGS-THOMSON POWER 
DISCRETES. 

TRANSPACK internal design provides optimised electrical and thermal balancing plus minimur:n thermal 
resistance which ensures improved performance and a lower operating temperature. The internal layer of 
ceramic material means that external mica or ceramic washers are unneccessary and removes the problems 
associated with device failure caused by insulating washer breakdown. 

ISOTOP 

ISOTOP is a power device package offering the 
maximum power switching capability (3,9 KVA!cm3) 
and very low RTH with the smallest on the market 
volume. Its versatility, its very easy mounting in 
compact circuits make the ISOTOP case particulary 
suitable for high performance, low volume, power 
switching circuits designs. 

--------------------------- ~~~@~~~~~~ ----------------------------
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PACKAGE INFORMATION 

MOUNTING INFORMATION 

Power module packages are designed for high mechanical robustness and optimum heat removal. The 
basic mounting procedures are as follows. 

I - MOUNTING ON HEATSINK 

11 - HEATSINK SPECIFICATION: 

ISOTOP T0240 

Flatness ( max concavity or <= 20 microns <= 40 microns 
convexity between fixing holes) (0.78 mils) (1.18 mils) 

Surface Finish ± 1 .2 microns 
(± 0.05 mils) 

D= M4 D =M6 
Fixing Holes L= 30 +3 mm L= 80±0.1 mm 

(1.181 + 0.0121nches) (3.15 ± 0.004 Inches) 

L= 80±0.3 mm 

Extruded Heatsink I = 6.5 + 0.2 mm 
(3.15 = ± 0.012 Inches) 
(0.256 + 0.008 Inches) 

12- MOUNTING SPECIFICATION: 

ISOTOP T0240 

Fixing Screw M4 + lock washer M6 x 15 allen + lock washer 

1.3 ± 0.2 3.5 ±0.5 
Torque Nom Nom 

(7.6 ± 1.2 LBS o Inches) (20.5 ± 3 LBS o Inches) 

Rth Case/Heatsink "'0.05 ocNJ "'0.05 ocNJ (with thermal compound) 

II CONNECTIONS -
ISOTOP T0240 

Screws See Drawing page 18 M5x10+Lock 
Washer + Washer 

1.3 ± 0.2 2.2 ± 0.5 
Torque N•m Nom 

(7.6 ± 1.2 LBS o Inches) (13 ± 2.3 LBS o Inches ) 

Pull Test <= 80 N. <=55 N. (fast on pins) 

Twist Test Not applicable Not applicable 

Contact Area (screw version) 45 mm2 70 mm2 

Lead Inductance <= 5 nH 

---------------------------- ~~~@~~~~~~©~ -----------------------------
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PACKAGE INFORMATION 

8:1:0,24 

(Cross form). 

1,4 Max 
Empreinte cruciforme Philips n. 2 

B 0,2/0,3 

3,1"'0,15 4,6 

Ill INSULATION -
ISOTOP T0240 

Insulation Material Ceramic Ceramic 
dice to base 

Insulation Voltage 2500V.RMS 2500 V. RMS 
pins to base 1 minute 1 minute 

Stray capacitance 40 to 70 pF. 

Creepage and Clearance Distance >= 9.5 mm >= 29 mm 
pins to base-heatsink (0.374 Inches) (1.141nches) 

Creepage and clearance distance >=4.5mm >=Bmm 
pin to pin (0.177 Inches) (0.315 Inches) 

Resin: Flammability UL 94 V-0 UL Recognized UL Recognized 

UL Qualification File E817344 Conforms to UL Requirements 

RELIABILITY 

PACKAGE ORIENTED TESTS: 

Periodic reliability tests are performed in order to prevent any drift in the in-built reliability level of power 
module cases 

CUMMULATIVE RESULTS 

TEST AND CONDITIONS ISOTOP T0240 

Thermal fatigue 
!'!. Tc = 70°C, Po= low, 5 K cycles 

1.9x1 06 device cycles 
1 failure 

1.1 x1 06 device cycles 
1 failure 

Thermal fatigue -40°C/125°C, 100 cycles 
MIL-STD 202F/107G 

41 x 1 03 device cycles 
1 failure 

25x1 03 device cycles 
1 failure 

Vibrations 6 hours MIL-STD 202F/204D 0% 0% 
(0/310) (0/220) 

Moisture T A = 85°. RH = 85% 1 00 H. 0% 0% 
(0/290) (0/220) 

--------------------------- ~~~@~~~~~ ----------------------------
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PACKAGE INFORMATION 

PACKAGING FOR SHIPMENT 

PACKAGE ISOTOP T0240 

SUFFIX F SUFFIX V 

Tube 10 PCS 1 0 PCS + contact set 5 pieces + contact set 
(screws+ washers) (screws +washers) 

Elementary box 100 pieces (10 tubes) 25 pieces (5 tubes) (bulk quantity) 

Ordered quantity Multiples of 10 PCS Multiples of 5 pieces 

19 
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APPLICATION NOTE 

NOVEL PROTECTION AND GATE DRIVES FOR MOSFETs 
USED IN BRIDGE-LEG CONFIGURATIONS 

INTRODUCTION 

The bridge-leg is an important building block for 
many applications such as drives and switch-mode 
power supplies. Simple gate drives with protection 
for POWER MOSFETs need to be designed for the 
"low-side" and the "high-side" switches in the 
bridge-leg. The POWER MOSFET can conduct a 
peak drain current, lo, which is more than three 
times its continuous current rating. The POWER 
MOSFET peak current capability and its linear oper­
ating mode are used to good effect in designing de­
vice protection circuitry. 
Bridge-leg configurations have a direct bearing on 
the degree of protection that can be incorporated. 
Consequently, bridge-leg configurations, protection 
concepts and gate drives are created simultaneous­
ly to design optimised and reliable power electronic 
circuits. 

H-BRIDGE USING POWER MOSFETs 

Three POWER MOSFET based bridge configura­
tions are illustrated in figure 1. Figure 1 a illustrates 
a bridge-leg which uses the internal parasitic diode 
as a free-wheeling diode thus reducing cost. How­
ever, since the reverse recovery of this parasitic 
diode is in the order of a microsecond, the turn-on 
switching times of the POWER MOSFET have to be 
increased in order to reduce the reverse recovery 
current. The tum-on time of the POWER MOSFET 
is controlled such that the pulse current rating of the 
internal diode is not exceeded. Hence a com­
promise is made between maintaining the safe 
operating area of the MOSFET and reducing turn-on 
switching losses. For example, an SGSP477 MOS­
FET has a diode pulse current rating in excess of 
BOA and a typical diode reverse recovery time of 
300ns. A rate of change of current at turn-on, limited 
to 50A/s, is a realistic compromise between reverse 
recovery current magnitude and turn-on losses. 
Consequently switching speed is sacrificed for cost. 
For switching frequencies up to 1OkHz, when oper­
ating on a 400V DC high voltage rail, this configura­
tion can be chosen as switching losses are limited, 
thus enabling a realistic thermal design. 

AN351/0689 

BY C. PATNI 

Figure 1 : Bridge Configurations. 

H.V.D.C. 
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a) Bridge-leg using Internal Parasitic Diode. 
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b) Asymmetrical Bridge-leg providing di/dt Protec­
tion. 
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c) Bridge-leg with blocking Diodes. 
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APPLICATION NOTE 

The turn-off speed of the POWER MOSFET in this 
configuration has no restrictions. Thus a fast turn-off 
is desirable to reduce turn-off losses. As the rate of 
change of current is limited, radio frequency inter­
ference (RFI) and electromagnetic interference 
(EMI) are reduced. 

An asymmetrical bridge-leg, illustrated in figure 1 b ; 
can be used to limit dildt during a short-circuit con­
dition thus providing sufficient time to switch-off the 
appropriate power devices. The inductors limit the 
rate of rise of output current. They also limit the free­
wheeling current through the internal parasitic 
diodes of the MOSFETs. Adding external free­
wheel diodes and inductors increases reliability at 
the cost of increased complexity. The inductors re­
duce RFI and EMI as the rate of change of current 
is limited. 

The configuration illustrated in figure 1 c has Schott­
ky "blocking" diodes to prevent current going 
through the MOSFET internal parasitic diodes. 
Schottky diodes are often used since conduction 
losses are kept to a minimum. 

Bridge configurations shown in figure 1 b and 1 care 
considered for high frequency switching applica­
tions. The advantage of the asymmetrical bridge-leg 
configuration over the bridge configurations in 
figures 1 a and 1 cis that the bridge-leg is capable of 
withstanding simultaneous conduction of the two 
devices in the bridge-leg since there are series in­
ductors which reduce the dl/dt under this condition. 
Hence the short-circuit detection loop time is not so 
critical and the devices are not stressed with high 
dl/dt and high pulse currents. 

The choice of the bridge configuration depends on 
the technical specification of the application. For 
example, if the technical specification for a specific 
application can be met by using the configuration 
shown in figure 1 a, then this configuration should be 
used as costs are lower than with the other two con­
figurations shown in figures 1 band 1 c. 

GATE DRIVE CIRCUITS 

The POWER MOSFET is a voltage controlled de­
vice, unlike the bipolar transistor which requires a 
continuous base drive. An application of a positive 
voltage between the gate and the source results in 
the device conducting a drain current. The gate to 
source voltage sets up an electric field which modu­
lates the drain to source resistance. The following 
precautions should be considered when designing 
the gate drive ; 

1 - Limit VGs to 20V maximum. Use of a gate to 
source voltage in excess of 16V has a marked 
effect on the lifetime of the device. 
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2 - Gate drive parasitic inductance can cause oscil­
lations with the MOSFET input capacitance. 
This problem becomes more pronounced when 
connecting devices in parallel. 

3- There should be sufficient gate to source voltage 
for the transistor to be fully conducting. 

Figure 2 : Gate Drive Circuits. 
a) Isolated gate drive with controllable switching 
times. 

•12V 

SC-0318 

b) Simple gate drive for N-Channel MOSFETs in 
parallel. 

•12V 

c) Gate drive with Vos (on) control for short-circuit 
protection. 

•12V 



Bipolar, MOSFET, CMOS or open-collector TTL 
logic can be used in the design of simple high per­
formance gate drives. Totem-pole buffers, (figure 
2a), are often effectively used to control the turn-on 
and turn-off individually. Figure 2b illustrates a total 
MOSFET based gate drive with which the switching 
speeds at turn-off can be individually controlled. 
CMOS or open-collector TTL logic can be used to 
drive MOSFETs directly, provided an ultrafast 
switching speed (50ns) is not necessary. In motor 
drive applications switching speeds of 100 to 200 
nanoseconds are sufficient as switching frequency 
is seldom in excess of 50kHz. Discrete buffers are 
used to provide high current source and sinking ca­
pability when improved switching speeds are re­
quired or when MOSFETs are connected in parallel. 

Short-circuit protection techniques similar to those 
for bipolar transistors may be considered for MOS­
FETs. Vos(on) monitoring permits the detection of 
short-circuit conditions which lead to device failure. 
The device can be switched off before the drain cur­
rent reaches a value in excess of the peak pulse cur­
rent capability of the MOSFET. This form of 
protection is very effective with MOSFETs as they 
can sustain a pulse current in excess of three times 
the nominal continuous current. Figure 2c illustrates 
a gate drive which incorporates Vos(on) monitoring 
and linear operating mode detection for the MOS­
FET in the case of short-circuit conditions. When the 
MOSFET is turned on the on-state voltage of the de­
vice (Vos(on)) is compared with a fixed reference 
voltage. At turn-on, Vos(on) monitoring is inhibited for 
a period of approximately 400ns in order to allow the 
MOSFET to turn-on fully. After this period, if Vos(on) 
becomes greater than the reference value, the de­
vice is latched-off until the control signal is turned-off 
and turned-on again. 

"HIGH-SIDE" SWITCH GATE DRIVES 

The top transistor in a bridge-leg requires a "high­
side" gate drive circuit with respect to the bridge 
ground. Three possible gate drive concepts are 
shown in figure 3 : 

a) The "bootstrap" drive, requiring logic signal isola­
tion, but no auxiliary floating supply. 

b) The level shifting drive. 

c) The floating gate drive with optically coupled iso­
lators, pulse transformers or DC to DC chopper 
circuit with transformer isolation. 

APPLICATION NOTE 

Figure 3 : Gate Drives for Top Transistor of Inver­
ter Leg. 

a) "Bootstrap" supply floating gate drive. 
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b) Level shifting gate drive. 
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c) Floating supply isolated gate drive. 

LOGIC 
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SC-0331 

Bootstrap supplies are particularly well suited to 
POWER MOSFET gate drives which require low 
power consumption. Figure 4 illustrates two boot­
strap supply techniques. Bootstrap supplies limit 
transistor duty cycle since they require a minimum 
transistor off time during which they are refreshed. 

3/6 
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Supply efficiency and maximum duty-cycle are par­
ameters which govern the design of the bootstrap. 
Figure 4a illustrates a conventional bootstrap with 
an additional capacitor, C1, which improves the 
maximum duty cycle as the supply is refreshed even 
during transistor on time by this capacitor. Figure 4b 
iiiJJstrates a high efficiency bootstrap supply which 
vses a small MOSFET, 01, for regulation. In this de­
si.gn a low power bootstrap drives the gate of 01 . 

Figure 4 : Bootstrap Supply Techniques. 
a) Conventional bootstrap with additional capacitor 
C1. 

BOOTSTRAP 
SUPPLY 

H.V.O.C. 

The level shifting gate drive, (figure 3b), requires a 
high voltage p-channel MOSFETwhich drives then­
c;hannel power device. The p-channel MOSFET is 
switched using a resistor divider network. No float­
ing supplies are required. A power supply of 12V, 
referenced to the high voltage d.c., is used to pro­
vide positive gate source voltage for the n-channel 
POWER MOSFET. This circuit eliminates the need 
for logic signal isolation and a floating supply. The 
disadvantage of this circuit is the high cost of the p­
channel drive MOSFET. 

b) High efficiency bootstrap. 

H.V.D.C. 

a., 

Figure 3c illustrates a floating gate drive with a float­
ing supply. This drive is the most expensive out of 
the three shown in figure 3. However, the floating 
supply need only have a low output power, since 
MOSFETs are voltage controlled devices. The ad­
vantages of this drive are its high efficiency and un­
restricted transistor duty-cycle. 

=;I 

BOOf'll<APri ,e 
SUPPLY 

Figure 5 : Isolated CMOS Drive with Vos Control for Short-circuit Protection. 
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Figure 6: Short-circuit Conditions for an SGSP477 
Vos & lo. 

Vos : 50V/DIV 
lo: 10A/DIV 
t: 211s/DIV 
a) Output to high voltage short-circuit. 
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Power electronic circuits such as bridge-legs are 
often required to have protection against output to 
output short-circuit, over-temperature, simulta­
neous conduction of devices in series in a bridge-leg 
and output to high voltage supply or ground rail 
short-circuit. These power stages are generally part 
of an expensive system such as a machine-tool or 
a robot motor drive. Thus the additional cost of pro­
tection circuitry is commercially acceptable. A com­
promise is generally reached between equipment 
costs and the degree of protection required. 

APPLICATION NOTE 

Short-circuit protection of a power MOSFET can be 
achieved by either Vos(on) monitoring or a current 
sense. In the previous section gate drives using the 
Vos(on) monitoring technique were presented. Fig­
ure 6 illustrates the MOSFET drain to source volt­
age, Vos, and the drain current, lo, when 
short-circuits are experienced by the POWER MOS­
FET, SGSP477, driven by the gate drive illustrated 
in figure 5. 

The MOSFET is turned-off when the drain current 
increases sufficiently and Vos(on) monitoring is in­
hibited for a period of 400ns to allow the device to 
turn-on fully. 

An inductor is used in series with the device, as il­
lustrated in figure 1 b. This inductor saturates when 
a large short-circuit current flows. The rate of 
change of the short-circuit current due to the satu­
ration of this inductor is illustrated in figure 6a and 
6b. Figure 6a illustrates the POWER MOSFET drain 
to source voltage, Vos, and the drain current, lo, 
when a bridge-leg output to high voltage supply rail 
short-circuit occurs. Figure 6b illustrates an output 
to output short-circuit of two bridge-legs. 

Another protection technique uses the "current mir­
ror concept", (1 ). An image of drain current is ob­
tained by having a small MOSFET, (integral or 
discrete), in parallel with the main power MOSFET 
as illustrated in figure 7. 

Figure 7 :The Current Mirror. 

h I;; N •1 ~E N» 1000 

T t-o 

} i v~ Voltage proportional 
to drain current 

5(-DJJS 

Figure 8 illustrates a floating gate drive which utilizes 
a pulse transformer for transmitting simultaneously 
the MOSFET on-signal together and the gate to 
source capacitance charging current. The current 
mirror technique is used to provide short-circuit and 
over-load current protection. The pulse transformer 
operates at an oscillating frequency of 1 MHz when 
a turn-on control signal is present. 
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The secondary is rectified to provide the gate source 
capacitance charging voltage. The current mirror 
provides a voltage "image" of the main MOSFET 
drain current. This voltage is compared with a fixed 
reference voltage in order that the gate drive be 

latched-off when the drain current becomes in ex­
cess of a specificed value. Figure 9 illustrates how 
the MOSFET, SGSP477, is latched-off when the 
drain current exceeds 1 OA with this gate drive cir­
cuit. 

Figure 8 : Pulse Transformer Gate Drive with Current Mirror Protection for an SGSP477. 
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Figure 9 : Overload Current Protection using Cur­
rent Mirror Concept with the Gate Drive 
of Figure 8 for an SGSP477. 
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D4= 1N4148 
D5 = 1N4148 
D6=1N4148 
D7 = BZX85C15 
DB= BZX85C15V 

01 = r small 

02 = ~ signal 

03 = l n-channel 
MOSFETs 

CONCLUSION 

04 =SGS477 
05 = BC337 
06 = BC327 
07 = BC337 
08= BC327 
09 = BC337 
010 = BC327 
011 = BC337 

MOSFET based bridge-leg configurations requiring 
protection and floating gate drives have been 
presented. Novel self-protecting gate drives for the 
"high-side" and "low-side" switching have been dis­
cussed. These drives provide protection against out­
put to high voltage d.c., output to ground and output 
short-circuit. For the high-side switch "bootstrap" 
supply gate drive, level shifting gate drive and float­
ing supply isolated gate drives have been compared. 
Protection against short-circuit condition has been 
demonstrated using Vas(on) monitoring and the cur­
rent mirror concept. Both techniques are well suited 
for protection against short-circuit conditions. How­
ever, the current mirror concept also provides a suf­
ficiently linear image of the current for regulation. 

REFERENCES : 
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Current-mirror FETs cut costs and sensing losses 
EDN September 4 th, 1986. 



APPLICATION NOTE 

USE OF INTERNAL MOSFET DIODE IN BRIDGE-LEGS 
FOR HIGH FREQUENCY APPLICATIONS 

ABSTRACT 

Reverse recovery of the intrinsic MOSFET diodes is 
investigated for the classical MOSFET and the 
MOSFET with minority carrier lifetime control. Turn­
on losses in bridge-legs using intrinsic MOSFET 
diodes limit the switching frequency particularly in 
the case of the classical MOSFET. Adapted bridge­
leg configurations are presented which enable the 
use of the intrinsic MOSFET diodes for the free 
wheeling function in inductive load switching without 
any appreciable reverse recovery current and MOS­
FET turn-on switching losses ! 

INTRODUCTION 
The MOS field effect transistor (MOSFET) contains 
an intrinsic PN diode within the structure which can 
conduct a current from source to drain. The PNjunc­
tion diode is in fact part of a parasitic NPN bipolar 
transistor as shown in figure 1. Free-wheeling 

By C.K. PATNI- D. STEED- J.M. CHARRETON 

diodes in bridge-legs are necessary when switching 
inductive loads. The intrinsic diode can be used to 
fulfil this free-wheeling function. However, the intrin­
sic diode of the classical MOSFET has a long 
reverse recovery time and "snap-off" characteristic 
which can cause large dV /dt. The snap-off can result 
in the device failing in one of two ways. Firstly, due 
to internal capacitances, Cdb and Cbe, a base current 
may. be established which turns-on the intrinsic bi­
polar transistor (see figure 1) 1. Secondly, the dV/dt 
may be such that the drain to source voltage of the 
MOSFET exceeds the blocking voltage thus caus­
ing avalanche breakdown. This paper investigates 
various means of limiting the maximum reverse re­
covery current of the intrinsic diode to ensure re­
liable operation. A comparison is made between the 
novel solutions presented permitting the use of the 
internal diode, and conventional solutions for using 
MOSFETs in bridge-legs, such as lifetime controlled 
MOSFETs and series blocking diodes. 

Figure 1 : Equivalent Circuit for a MOS Field Effect Transistor (MOSFET). 
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METHODS OF LIMITING REVERSE RE­
COVERY CURRENT 

Limiting the reverse recovery current of the intrinsic 
diode can be achieved by stopping current from pas­
sing through the blocked MOSFET by means of a 
series blocking diode or limiting the rate of change 
of current in the intrinsic diode. The snap-off char­
acteristics of the internal diode can be limited by 
having small RC snubbers across the drain to 
source of MOSFETS in bridge-leg configuration. 
Solutions which limit the rate of change of current in 
the intrinsic diode are discussed below. 

BRIDGE-LEG DESIGNS UTILIZING MOS­
FET INTRINSIC DIODES 

a) SOLUTION WITH UNCOUPLED UNSATU­
RABLE INDUCTORS 

As T2 turns-off the current transfers to the freew­
heeling diode D2, as the rate of change of current 
into the intrinsic MOSFET diode of T1 is limited by 
inductors L 1 and L2. The zener voltage across Z2 
causes the current to transfer from the external 
freewheeling diode D2 to the intrinsic MOSFET 
diode in T1 until D2 no longer conducts (as shown 
in figure 3). When T2 is turned-on subsequently the 
current transfers from the intrinsic diode of T1 to T2. 
The reverse recovery of the intrinsic diode is, how­
ever, limited by inductances L 1 and L2. This can be 
seen clearly in figure 4. The bridge-leg can be de­
signed (by dimensioning L 1, L2 and Vz) such that 
the external freewheeling and zener ortransil diodes 
only conduct for a small fraction of the freewheeling 
period. Consequently, they do not have to be 
mounted on a heatsink. The disadvantage of using 
the zener is that the MOSFETs must now be rated 

In the circuit shown in figure 2, if T1 is blocked and for at least the high voltage DC rail, HVDC, plus the 
T2 is conducting, the load current flows through T2. zener voltage. 

Figure 2 : Bridge-leg with Uncoupled Unsaturable Inductors. 
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Figure 3 : Transfer of Current to Intrinsic Diode. 
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Figure 4 :Turn-off of the Intrinsic Diode. 
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Another advantage of inductances L 1 and L2 in the 
cirq.Jjt is that they limit the build up of current during 
fau!t ponditions such as simultaneous conduction of 
the two devices. 

L 1 and L2 must be chosen such that their inductan­
ces are big enough to prevent intrinsic diode reverse 
recovery problems hence reduce losses. They must 
be small enough to allowcurrentto transfer from the 
freewheeling diodes D2 and D1 to the intrinsic MOS­
FET diodes in T1 and T2 such that the average cur­
rent passing through the external diode and zener 
or transil is low. 

b) SOLUTION WITH MUTUALLY COUPLED IN­
DUCTORS 

Inductors L 1 and L2 can be mutually coupled as 
shown in figure 5. Coupling L 1 and L2 doubles the 

Time scale : 2Jls/DIV 
Vos : SOV/DIV 
lo: 10AIDIV 

Intrinsic 
Diode : 1 OAIDIV 
Current (ho) 

MOSFET : SGSP477 

Time scale: 1Jls/DIV 
Vos : SOV/DIV 
lo: 10AIDIV 

Intrinsic 
Diode : 1 OAIDIV 
Current (ho) 

MOSFET : SGSP477 

APPLICATION NOTE 

inductance between transistors T1 and T2 
(SGSP477), thus reducing the reverse recovery 
problem of the intrinsic diode as the rate of change 
of current is reduced. Coupling, therefore, saves the 
cost of one core and less windings are necessary to 
provide the same degree of protection as in the case 
of uncoupled inductors. The voltage and current 
wavefonms of the MOSFETs and their intrinsic 
diodes for this solution are similar to that obtained 
with solution (a). 
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Figure 5 : Bridge-leg with Mutual Inductors. 
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C) SOLUTION WITH SATURABLE INDUCTORS 

Saturable inductors such as toroids with a few turns 
can be used in the bridge configuration shown in fig­
ure 6. Saturable inductors are better suited than 
non-saturable inductors in so much as they can be 
used to limit the reverse recovery of the intrinsic 
diode to an almost negligible level. The saturable in­
ductor is designed to saturate after the intrinsic 
diode has reverse recovered. Before saturation the 
inductor presents a high impedance and only a low 
magnetising current flows. 

In figure 6, it is assumed that T1 and T2 are blocked 
and the intrinsic diode of T1 is conducting. If T2 is 
now turned-on, the current in the intrinsic diode de­
creases rapidly since inductor L 1 is saturated until 
this current reverses resulting in negative volts-sec­
onds across the inductor which thus desaturates. 
The inductor thus presents a high impedance while 
the current through it is equal to or less than the 
magnetising current. The intrinsic MOSFET diode 
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begins to reverse recover as the current through it 
becomes negative. The inductor is designed not to 
saturate for a period of at least 111s, thus enabling 
the reverse recovery of the intrinsic diode without 
excessive reverse recovery current. There is a cer­
tain degree of minority carrier recombination while 
the inductor is unsaturated which also reduces the 
maximum reverse recovery current, IRM. The 
reverse recovery of the intrinsic diode can be seen 
in figure 7. 

While T2 is conducting the load current inductor L2 
is saturated. When T2 turns-off the MOSFET cur­
rent transfers to diode 02. The free-wheeling cur­
rent path through the intrinsic diode of T1 has a high 
impedance due to L 1 being unsaturated. Conse­
quently the build-up of current through the intrinsic 
diode of T1 is slow until this current reaches a value 
equal to the magnetising current, I mag, of inductor L 1 
which then saturates. This effect can be clearly seen 
in figure B. 



Figure 6 : Bridge-leg with Saturable Inductors. 
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The turn-on of the MOSFET in the solution with satu­
rable inductors (shown in figure 6) is illustrated in fig­
ure 9. It can be seen that the MOSFET losses are 
negligible, since the saturable inductor in series with 
the MOSFET that turns-on, limits the rate of rise of 
current while it is unsaturated. Figure 9 also illus­
trates that the reverse recovery of the intrinsic diode 
of the free wheeling MOSFET is also limited .. 

In the bridge-leg with saturable inductors (figure 6), 
if transils (Z1 and Z2) and resistors (R1 and R2) are 
removed, the external free-wheeling diodes have to 
be of high current rating as they conduct all the load 
current until the saturation of L 1 and L2. Sub­
sequently the external diode shares part of the free­
wheeling current with the intrinsic diode. It is 
advantageous to reduce the current through the ex­
ternal free-wheel diodes 01 and 02 as rapidly as 
possible for the following reasons : 

APPLICATION NOTE 

1. If 01 and 02 conduct for a small fraction of the 
maximum free-wheeling duty cycle, then their 
power rating is substantially reduced. 

2. If the free wheeling current through the external 
diode 01 or 02 is reduced rapidly, the inductor in 
series (L 1 or L2) is no longer saturated. At the 
consecutive turn-on of T1, L 1 presents a high im­
pedance thus pertorming a turn-on snubber func­
tion. Transistor turn-on losses are thus minimised 
particularly for inductive loads. 

3. Output short-circuit protection is also enhanced if 
the inductors are unsaturated prior to transistor 
turn-on. 

The current through the external free-wheeling 
diodes can be reduced rapidly by increasing the rate 
of release of inductor stored energy by transils (Z1 
and Z2) and/or resistors (R1 and R2) as shown in 
figure 6. 
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Figure 7 : Reverse Recovery of Intrinsic Diode using Saturable Inductors in the Configuration of Figure 6. 
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Figure 8 :Transfer of Current to Intrinsic Diode using Saturable Inductors in the Configuration of Figure 6. 
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Table 1 : Advantages and Disadvantages of Solutions for limiting Reverse Recovery Current in the 
Intrinsic MOSFET Diode. 

Sol. Type of Protection Used Advantages Disadvantages 

a) Unsaturable Inductors - Reduction of turn-on losses. - In order to use low current rated 
- Controlled dl!dt at turn-on. freewheeling diodes, transil 
- Controlled reverse recovery of diodes have to be used 

intrinsic diode. increasing the voltage rating of 
the MOSFETs in the circuit. 

b) Unsaturable Mutual Inductances - Smaller and less expensive than -As above. 
two inductors since only one 
coupled inductor. 

-As above. 

c) Saturable Inductors - Negligible turn-on losses. -As above. 
- Negligible intrinsic MOSFET 

diode reverse recovery losses. 
-Controlled dl!dt turn-on. 

COMPARISON OF USE OF INTRINSIC MOS­
FET DIODE WITH ALTERNATIVE SOLU­
TION 
Figure 10 illustrates three bridge-leg configurations 
that can be used with MOSFETs when switching in­
ductive loads. Figure 1 Oa) illustrates a bridge-leg 
which uses the intrinsic diode of a classical MOS­
FET having a reverse recovery in the order of a 
microsecond. The same configuration can be used 
with a lifetime controlled MOSFET which has an in­
trinsic diode having a reverse recovery time around 
250ns. An asymmetrical bridge-leg illustrated in fig­
ure 1 Ob), is similar to the above mentioned solutions 
pemnitting the use of the intrinsic diode. The configu­
ration illustrated in figure 1 Oc) has series "blocking" 

diodes which prevent conduction of the intrinsic 
MOSFET diodes and thus avoid reverse recovery 
problems associated with the slow intrinsic diodes. 
In this configuration fast recovery epitaxial diodes 
are used as external free wheeling diodes. 

Figure 10: Bridge-leg Configurations. 

a) Bridge-leg using intrinsic 
MOSFET diode 

Tests were performed using 500V, 0.6 ohm at 25°C 
classical MOSFETs (BUZ353) and lifetime control­
led MOSFETs in the bridge-leg illustrated in fig­
ure 1 Oa). Experimentally obtained losses within the 
diode and the MOSFET at turn-on are presented in 
figure 11 . The solution enabling the use of the intrin­
sic diode without reverse recovery problems (figure 
1 Db) has practically no losses due to reverse re­
covery of the intrinsic diode. 

b) Asymmetrical bridge-leg 
providing dildt protection, 
tum-on snubber and limited 
reverse recovery problems 

c) Bridge-leg with series 
blocking diodes and fast 
freewheeling diodes 
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Figure 11 : Turn-on Losses in a Bridge-leg. 

Turn-on Losses in the MOSFET 
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(pJ) 

4000 
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Lifetime controlled MOSFET 

--------- BYT12P600 

L-~---.----:<----:::-::--::;!;;----..,d i I dt (A/ ~s > 
50 100 150 200 250 

a) Turn-on losses in the MOSFET when switching 1 OA inductive load current on 400Voc rail as a function of 
the rate of change of MOSFET drain current (dlo/dt) 

Reverse Recovery Losses in the Diode 
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1500 

1000 

500 

with classical MOSFET 
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BYT12P600 

0 L--~-~-~~----~--~ 
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b) Reverse recovery losses in the freewheeling diode when switching 1 OA inductive load current on 400Voc 
rail as a function of the rate of change of freewheeling diode current (diFoldt) during diode turn-off. 
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Figure 12: Turn-on llustrations of the MOSFET Drain to Source Voltage (Vos) and Current (lo) at Turn-on 
of the Transistor Limited to 1 OOAI!JS. 
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It can be seen that due to the slow intrinsic diode of 
the classical MOSFET, turn-on losses are twice that 
with a lifetime controlled MOSFET. With external 

a) Classical MOSFET 
(500V, 0.6 ohm) 
BUZ353 
Diode losses = 5401-lJ 
MOSFET losses = 32001-lJ 

Vos MOSFET drain to source voltage 
100V/DIV 
lo Drain current 
5AIDIV 
Time 200ns/DIV 

b) Lifetime controlled MOSFET 
(500V, 0.6 ohm) 

Diode losses = 4601-lJ 
MOSFET losses = 16001-lJ 

Vos 100V/DIV 
lo 5AIDIV 
Time 1 OOns/DIV 

c) External fast diode 
BYT12P-600 

Diode losses = 1301-lJ 
MOSFET losses = 5601-lJ 

Vos 1 OOV/DIV 
lo 5AIDIV 
Time 50ns/DIV 

fast freewheeling diodes losses are only 20% of the 
losses in the classical MOSFET. 
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CONCLUSION 

Reverse recovery of the intrinsic MOSFET diode 
has been investigated. Losses caused by slow in­
trinsic diode recovery for the classical MOSFET 
have been compared with losses using lifetime con­
trolled MOSFETs in a bridge-leg and losses using 
fast external freewheeling diodes. It has been 
shown that turn-on losses in a bridge-leg using 
classical MOSFETs are five times greater than 
losses in bridge-legs with fast external freewheeling 
diodes and two times greater than losses in bridge­
legs using lifetime controlled MOSFETs. 

By using different types of inductors (such as satu­
rable inductors) in bridge-legs it has been 
shown that negligible turn-on losses can be 
achieved as reverse recovery of the intrinsic 
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MOS FET diode can be limited. Practical results 
confirmthatbyusingsaturableinductorsastutelyin 
bridge-legs, it is possible to use the intrinsic diode 
oftheclassicaiMOSFETinhighfrequencyinductive 
loadswitchingapplicationswithnegligibleturn-on 
losses. 
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ENVIRONMENT DESIGN RULES OF MOSFETs 
IN MEDIUM POWER APPLICATIONS 

ABSTRACT 

The use of POWER MOSFETs, allows high switch­
ing speed in power applications above 1 OkW. 
Nevertheless the main limitations come from the 
characteristics of the circuit design. From a practical 
example, this paper analyses and proposes solu­
tions to adapt the POWER MOSFET and the layout 
in order to minimize parasistic inductances. Special 
emphasis is given to the driver circuit, package, wir­
ing rules and voltage spike protection at turn-off. 

I - INTRODUCTION 

POWER MOSFETs are now considered standard 
tools by circuit designers working at tens of Amps 
and hundreds of Volts. Their traditional advantages 
(easy drive and over current capability) remain true 
when switching over 1 OKWatts. Nevertheless, the 
main limitations encountered are not from the MOS­
FET itself as it can switch high current at high speed 
(over 1000Amps/sec), but from characteristics of 
the circuit design. After presentation of a specific ex­
ample of Power MOSFETs drive, the optimisation of 
the power devices and the layout will be analysed 
in the practical example of a chopper operating with 
an ISOFET (1000V -0.7Qor 100V -0.014Q). Final-

BY B. MAURICE 

ly, an over-voltage protection circuit is presented. 

II - HIGH POWER MOS DRIVE 

Even with high power switching (over 10KW}, the 
driver circuit can be very simple (fig. 1 ), comparable 
to the ones used for low power circuits. 

The major characteristic of a POWER MOSFET is 
its high input capacitance (ie : Ciss ~ 12nF for 1 OOV 
- 14mQ MOSFET) which must be rapidly charged 
and discharged when switching without creating os­
cillations. 

The following rules have been used for the design 
of the driver : 
• A low dynamic internal impedance which permits 

a peak current greater than 1 Amp for 300nanosec 
to charge and discharge the ISOFET input 
capacitance. 

• A low impedance circuit reduces the sensitivity to 
dVosldt at tum-off of the ISOFET. 

• The total resistance of the gate circuit must be 
greaterthan 5Q in ordertosufficientlydampthe cir­
cuit preventing oscillations and possible parasitic 
turn-on of the ISOFET. 

Figure 1 : Driving Circuit for ISOFET Over 1 OkW Switching. 

vcco-----------------~~--------~-, 
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• The links between drive and gate, short and non­
inductive, are made between the gate pin and the 
"Kelvin Source" pin. The use of the "Kelvin Source" 
pin is very important when driving Power 

MOSFETs. It avoids parasitic effects caused by 
dl/dt in the source lead. 

• The gate protection Zener diode has to be 
mounted close to the ISOFET package. 

Figure 2 : Over Current Capability and Switching Speed with ISOFET TSDSMG40 
(1000V -O.?Q-Io = 13A). 
a. Turn-on ; the ISOFET controls 30A-650V and sustains 11 OA peak (8 x lo). The over current is 

due to the recovery of the free-wheeling diode (BYT230PIV 1000). 
b. Turn-off ; with dl/dt = 1600AI1J.sec ; and dV/dt = 15000V/IJ.Sec. 

The switched power = 25kW ; and the switching losses = 1.3mj 
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Ill - LAYOUT DESIGN FOR HIGH SPEED 
SWITCHING 

The reduction ofthe parasitic inductances is a major 
challenge for power switching especially with a 
power MOSFET switching over 1 OOOAmps/usec 
(figure 2). With this switching leading edge, a 1 Ocm 
diameter wiring loop causes a 1 OOV voltage over­
shoot. To solve this potential problem two actions 
are necessary :choosing a well adapted device and 
optimising the layout design. 

a. Adapting the device to the layout 
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ISOFET is a MOSFET housed in an ISOTOP 
package (figure 3) : 
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• The ISOTOP package can be directly screwed on 
to the printboard because all its terminals are at the 
same level. Therefore all inductances due to the 
length of external wiring connexions are eliminated. 

• As a result of the low profile of the package 
(12mm), the internal parasitic inductance is less 
than 1 OnH. Moreover, its Kelvin source (KS) en­
sures a minimum of disturbance induced by the 
power circuit in the driver circuit. 

• Even though it has a thermal resistance value of 
only 0.25°C/W, the case is fully internally insulated 
at 2.5kVRMS. Therefore it can be mounted near to 
the diode package on a common heatsink in order 
to obtain a very compact circuit layout. 
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Figure 3 : An ISOFET is a MOSFET housed in an ISOTOP package, which has a low profile. 
It is easily integrated in low inductive layouts. 
The "Kelvin Source" lead (KS) separates the gate circuit from the internal inductance of the source 
connection. 

b. Design of the layout 
The chopper shown in figure 4 contains two active 
components : the Power MOSFETs and the 
freewheeling diode ; both in ISOTOP package 

12 nun 

screwed side by side, on a common heatsink 
and directly,connected on the printed circuit board 
(PCB). 

Figure 4 : a. Chopper Schematic showing the Inductive Loop to be Reduced. 

a 

b. The Same Circuit with two ISOTOP Packages (diode and ISOFET). The packages and links 
adopt an "in line" configuration in order to reduce the inductive loop. 
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b 

LOAD 

.................................... , ....................................... .. . . 
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........................................... , 

By observation of the facts presented in appendix 1 , 
the design rules used for the layout are summarized 

• Use of double sided PCB where each high current 
path is immediately above its returns path on the 
other side of the board. 

• The current densigy has been reduced by enlarg­
ing the copper tracks in order to decrease the local 
dl/dt and consequently the resulting induced volt­
age. 

• Use of several links instead of one, between two 
large copper tracks, avoids high current concentra­
tions and reduces the inductance (figure 5). 

+ BOOV 

• Decou piing capacitors have been configured in the 
same direction as the direction of current flow. This 
prevents the formation of an inductive loop. (com­
pare figure 6a and figure 6b hatched surfaces). 

• The use of several smaller capacitors in parallel 
permits reduction of the equivalent internal 
parasitic inductance. (figure 6c). 

• Choose components (e.g. capacitors) specified 
with a low internal inductance. (electrolytic 
capacitor 700i-!F/400V can have a parasitic induct­
ance of several tens of nH). Prefer the capacitor 
packages which minimize the inductive connection 
length. 

Figure 5 : Junction between two wide copper tracks is less inductive when several spaced links are used 
rather then a single link. 
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Figure 6 : Configuration of Decoupling Capacitors : 
a. An inductive loop is formed, perpendicular to the current flow, because the current flow is not 

superimposed near the capacitor, 
b. Capacitor lying in the same direction as the direction of current flow. inductive loop minimised. 
c. Several smaller capacitors in parallel reduce their equivalent internal parasitic inductance for 

the optimum solution. 
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As a result the residual inductance of the finished 
layout (fig. 7) has been r_neasured as 35nH, (fig. 8) 

plus 15nH when a current sensing loop (15mm2) is 
added to the layout. 

Figure 7 : A Double Side Very Low Inductive Print Circuit Board. (scale : 0.5) 
Note the Multi Links (A) to connect One Side to the Other . 
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IV- OVERVOL TAGE DURING TURN OFF 

We have previously seen that by following these 
sound rules a parasitic inductance value of 35nH 
can be achieved. It represents the sum of several 
small components : active components, passive 
components and PCB. It seems difficult to reduce it 
further in a circuit without paralleling several power 
switches. 
In view of the ISOFET fast switching speed at turn­
off (1 OOOAmp/usec), the inductive voltage spike with 
35nH will be 35 Volts. This overvoltage is acceptable 

APPLICATION NOTE 

for devices rated over 500V. It is not negligeable in 
low voltage applications such as battery powered 
equipment. 

Two solutions are possible : 

a. Slowing down the ISOFET 

The switching speed at turn-off can be slowed down 
by increasing the gate resistor value. This method 
increases the commutating time and consequently 
the switching losses. These losses are increased by 
50% when R9 increases fro 5 to 1 on. (figure 8). 

Figure 8 : Increased Gate Resistor reduces dl!dt and Overvoltage at Turn-off. (driver circuit fig. 1 ). The 
total parasitic inductive loop (50nH) includes the inductance of the sense current loop. 
lo = 1 OA!div Vo = 1 OOV/div t = 50ns/div (ISOFET TSD5MG40V 1 OOOV- O.?Q) 
Switched power= 25kW ; Switching losses= 1.3mJ in (a) and 2.0mJ in (b). 

b. Protection against over-voltage at turn-off 

Use of a MOSFETwith a low margin forthe rating volt­
age (VsR(DSSJ) can be achieved by using active protec­
tion (i.e. Transil) in order to clamp the voltage spikes. 

One solution is to connect a Transil across the drain­
source leads. In this case, the energy is dissipated 
in the Transil which has to be cooled in order to dis­
sipate the average power. 

(1/2 Ll2 f = 20W with 40nH, 1 OOA, 1OOkHz) 

We have chosen another solution by connecting the 
Transil across the drain-gate leads (figure 9). When 
the over voltage transient reaches the clamping volt­
age, the clamping current goes through the gate resi­
stance and biases gate above 5V. (ex : 1 A into 5Q). 
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This way, the clamping power is dissipated in the 
MOSFET and a smaller Transil is required (P = 1 W 
at 1OOkHz in our case). 

As the Transil does not heat up, the clamping volt­
age does not vary with temperature. The equivalent 
dynamic resistance is very low because the serial 
resistance of the Transil is divided by Rg and by the 
MOSFET transconductance. 
The current though the Transil being low, the volt­
age to be considered for its choice is the breakdown 
voltage at test level (VsR at IR) instead of the surge 
clamping voltage (VeL). The Transil breakdown volt­
age should be chosen to be lower than the maxi­
mum desired clamping voltage less 5 Volts to take 
into account the MOSFET gate threshold voltage. 
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Figure 9 : Over Voltage clamping by a Transil across the Drain-gate Leads durring turn-off. (ISOFET 
TSD4M150V 1 OOV- 14mQ). Upper Trace shows the Current in the Transil (IT). 
lo = 20Ndiv, Vo = 20V/div, h = 1 Ndiv, t = 1 OOns/div. 

V - CONCLUSION 

MOSFETs switching power over 1 OkW have the 
same basic advantages as lower power Mosfet. The 
driving circuit remains very simple and the over cur­
rent capability is huge. A specific emphasis has 
been placed on the minimization of circuit layout in­
ductance. Because of the very fast switching (easily 
over 1 OOONs) it is advantageous to use : 

packages like ISOFET which minimise their internal 
inductance and allow easy connection to printed cir­
cuit board and to heats ink. Also Kelvin Source con­
tact to minimise drive circuit interference. 

• double side printed circuit board with symmetrical 
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copper tracks, reduced current concentration, and 
components positioned in order to minimise 
parasitic inductance. 

• overvoltage protection which avoids oversizing the 
voltage rating of MOSFETs in low voltage applica­
tions. 
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APPENDIX 1 

MEASUREMENT OF PARASITIC INDUC­
TANCES ON A DOUBLE SIDED PCB 
_ In the figure below, the link between points C and 

Figure 10. 

D simulates the connection of a capacitor with no 
internal inductance, connected on double sided 
Printed Circuit Board. 

-<IE;----- 200rnrn 

_ The measurements are made with a dl/dt gener-
ator: 

_ I = 0 to 40Amps with a dl/dt = 1 OOOA!s 

MEASUREMENT RESULTS 
Figure 11. 

The measurement of the induction voltage 
VL between A to B, and C to D, permits cal­
culation of L = VL I (dl!dt) 

L.,=35nH (5+30) X.,=JOnH LA0=10nH (J+7) X.,=7nH L,9=5nH (3+2) X.,=2nH 

L.,=llOnH (90+30) X.,=30nH 

MEASUREMENT CONCLUSIONS 
'· Capacitors should be positioned in the same direc­

tion as direction of current flow. 
Compare : a. to b. 

• Several links between two large copper tracks are 
less inductive than a single link. 
Compare : b. to c. 

LAB=14nl! (12+2) l,=2nll 

• Every current path should be exactly above its 
return path on the other side of the board. 
Compare :d. to e. 

• Decrease local dl/dt density by enlarging copper 
tracks. 
Compare : c. to e. 
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COMPACT HIGH PERFORMANCE BRUSH D.C. 
MOTOR SERVO DRIVES USING MOSFETS 

ABSTRACT 

For medium power (200VA to 6kVA) brush D.C. 
motor servo drives, MOS field effect transistors 
(MOSFET) are ideally suited. A compact high per­
formance (20 to 50kHz) 1.2kVA brush D.C. motor 
velocity servo drive, which has been developed and 
tested, is presented. SGSP477 and BYW8PI200 
high efficiency fast recovery epitaxial diode (FRED) 
are used in the 1.2kVA power stage. A 6kVA motor 
drive design using ISOFETs is also presented. 

TSD4M250 (ISOFET) and BYV54V200 FRED diodes 
are utilized in the 6kVA design in which FREDs are used 
as the MOSFET series blocking diode and the free­
wheel diode. Different power H-bridge configurations 
are chosen and justified for the 1.2 and 6kVA drives. 
Particular emphasis is placed on short-circuit protection 
techniques and simple gate drives. 

INTRODUCTION 

Brush D.C. permanent magnet motors are exten­
sively used as velocity servo drives for high perfor­
mance applications such as robotics and 
machine-tools. The high voltage D.C. (HVDC) supp­
ly of the power stage for such motors rated up to 
6kVA is generally limited to 200V D.C. because of 
sparking of the commutator and brush assembly. 

The commutator has a maximum volts per segment 
rating at rated power above which there is excessive 
brush wear. MOSFETs are well adapted for medium 
power applications at voltages up to 500V. Conse­
quently the ease of paralleling, high peak current 
capability and the ease with which MOSFETs can 
be controlled and protected make them ideal power 
semiconductor switching devices for such motor 
drives. Medium power brush D.C. motor voltage 
limitation of 200V D. C. enables fast recovery 
epitaxial diodes (FRED) to be used which have high 
efficiency due to very low conduction losses and 
negligible switching losses : 

BYW81 Pl-200 : FRED : 

Vt < 0.85V (IF= 12A ; T1 = 1 OO'C) 
trr < 35ns 

Block diagram schemes for brush D.C. permanent 
magnet velocity servo drives are discussed. Servo drive 
specifications shown in table 1 are considered and solu-
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tions for the 1.2kVA and 6kVA motor drives are 
presented. The 1.2kVA motor drive is developed and 
tested. Protection, efficiency and ~witching frequency 
requirements have strongly influe. ed the designs. 

Other than the power ratings, the parameters listed 
in the specification are common for many high per­
formance servo drives. The main component in the 
design of the hardware is the power H-bridge 
switching ideally above the audio-frequency range. 
High frequency switching permits a compact power 
output filter to be used to filter the switching frequen­
cy if so desired. 

SWITCH-MODE MOTOR DRIVE CONCEPTS 

Figure 1 illustrates a conventional pulse width mol­
dulated (PWM) D.C. motor servo drive. The velocity 
demand and the tachogenerator feedback signals 
are compared and the resultant velocity error is 
amplified. This error is fed to the current servo 
amplifier where it is compared with the actual current 
flowing in the motor armature. The amplified current 
error is fed into a linear PWM generator. The control 
of the mark to space ratio of the PWM generator is 
achieved by comparing the input error signal with a 
constant frequency triangular waveform. This 
results in a fixed frequency PWM signal which is fed 
to the power stage. 

A switch-mode drive designed to the specification in 
table 1 comprises of : 

1/ Drive and protection for power devices 
2/ Power supplies 
3/ Regenerative energy clamp (4 quadrant con­
trol) 
41 Current loop 
51 Control and logic for PWM and velocity servo. 

The block diagram of the drive which has been 
developed is outlined in figure 2. (The complete cir­
cuit diagram is provided in figure 14). The differen­
ces between the two schemes outlined in figures 1 
and 2 are that the current control loop and the PWM 
integrated circuit are eliminated in the second 
scheme. In the second scheme the velocity error is 
fed directly into a velocity compensation and 
modulation c rcuit. The elimination of the current 
feedback lnop limits this scheme in so much as it can 
not be usee in torque control applications. 
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Table 1 :Typical Brush D.C. Servo Drive Specification. 

Specification 1.2kVA J 6.0kVA 

Modulation Frequency > 20kHz < 50kHz 

Continuous Power 1300VA I SOOOVA 

Maximum Continuous Current 10A I 50 A 

Bus Voltage Input 120Voc 

Efficiency > 90% 

Short to Ground Shut down 

Short to Bus Voltage Shut down 

Armature Short Shut down 

Operating Temperature 0 to 50°C 

Velocity Demand 10V 

Regenerative Energy Dissipation 10% of Continuous Rating 

Figure 1 : PWM D.C. Servo Drive. 
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Figure 2: Schematic Diagram of Brush D.C. P.M. Motor Drive. 
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BRIDGE CONFIGURATIONS & MODULA· 
TION TECHNIQUES 

The bridge design must be capable of supplying bi­
directional current to the motor for optimal four quad­
rant control. This can be achieved by using a 
"T-bridge" or an "H-bridge", as shown in figure 3. 
The H-bridge is generally chosen since it requires a 
single power supply. The voltage rating of the power 
semiconductor devices matches the motor voltage 
rating for the H-bridge alternative. 

The H-bridge has eight operating modes when con­
nected to a D.C. motor load. These modes can be 
seen in figure 4. Two of the modes increase current 
supplied to the motor winding in either direction. The 
other six operating modes reduce current in the 
motor winding and are commonly known as free­
wheeling modes. Numerous switching modes are 
possible for PWM and current control. For example, 

Figure 3 : Bridge Configurations. 

+V 

-v 

APPLICATION NOTE 

it is possible to PWM both the top and bottom 
devices in the bridge or simply either the top or bot­
tom device. It is possible to use the PWM mark to 
space ratio such that the mark provides a positive 
rate of change of current in the motor winding and 
the space provides a negative rate of change of cur­
rent. The control of the pulse width thus establishes 
an adjustable average voltage across the motor 
load. 

A modulation technique used in the developed 
servo drive is illustrated in figure 5. This modulator 
is based on "delta modulation" (reference 1). The 
mark to space ratio of the modulator output (O(t)), 
determines the conduction period of the MOSFETs 
in the H-bridge. The modulator comprises of the 
standard delta modulator (part A), the proportional 
term (part B) and the integral term (part C) of the PID 
controller. 

Figure 4 : Operating Modes of the H-bridge Showing Current Flow Paths. 
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Figure 5 : A PID Controller with Binary Output. 
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SWITCHING DEVICES FOR A RANGE OF 
D.C. MOTOR SERVO DRIVES 

At medium power levels the MOSFET is ideally 
suited offering high switching speed, ease of paral­
leling and simple gate drive and protection. SGS­
Thomson has introduced a range of MOSFET 
devices in plastic isolated packages. The 200V 
devices, summarised in table 2, can be used to 
design a servo drive range from 600VA to 6kVA 
without the need to parallel MOSFETs in separate 
plastic packages. 

The MOSFET internal parasitic diode is too slow for 
applications requiring ultrasonic switching frequen-

4/10 
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cies. Excessive switching losses in the MOSFET 
can result from the reverse recovery time of the in­
ternal parasitic diode (greater than 600ns). Noise is 
also induced on the supply rails when the conduct­
ing diodes reverse recover. Table 2 specifies high 
efficiency ultra fast recovery epitaxial diodes for 
freewheeling. These diodes, having a conduction 
voltage of less than 0.85V at rated nominal current, 
are ideally suited as MOSFET series blocking 
diodes used to prevent the conduction ofthe internal 
parasitic diode. 

Figure 6 illustrates possible techniques for utilizing 
fast external diodes for the 6kVA brush D.C. motor 
design. 
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Figure 6: 6kVA MOSFET Switch Configurations Using ISOFETs and FREDs. 
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TSD4M250 TSD4M250 

Basic Brush D. C. 
Manufacture : SGS - THOMSON Motor Drive Spec. 

Switching Freq. > 20kHz 

Part No Ros(ON) lo RTH Part N° VF at IF 
MOSFET T1 = 25°C T c = 10ooc Diode FRED T1 = 100°C POWER Vnom I nom 

(Q) (A) (°C/W) (V) (A) (VA) (V) (A) 

SGSP3671 0.45 10 1 BYW80PI200 0.85 7 600 120 5 
SGSP4771 0.17 20 0.83 BYW81PI200 0.85 12 1200 120 10 
TSD4M2502 0.021 68 0.25 BYV54V200 0.85 50 6000 120 50 

Table 2 A range of brush D. C. motor velocity servo drives. 

1 · without Insulation. 

1.2.KVA BRUSH D.C. SERVO DRIVE 

Figure 7 illustrates the block diagram of the 
developed 1.2kVA brush D.C. servo drive. The H­
bridge operates at a nominal voltage of 120Voc. The 
D.C. motor in certain applications is driven by its 
load and hence is a generator of energy. This 
regenerative energy causes the HVDC rail voltage 
to increase as energy is stored in the smoothing 
capacitors. 

At a maximum voltage of 160Voc, a resistive dump 
is turned-on to dissipate the regenerative energy 
and thus limit the HVDC to 160Voc. The drive util­
izes the velocity PID controller illustrated previously 
in figure 5. A current sense resistor is incorporated 
in the H-bridge to provide load current feedback 
necessary to limit this load current to the maximum 
continuous current rating of the drive. 

MOSFET based bridge-leg configurations have pre­
viously been discussed (reference 2). The bridge­
leg utilized comprises of "low-side" and "high-side" 

2 • ISOFET : MOSFET chips in parallel in ISOTOP package. 

switches connected in series across the HVDC. In 
this asymetrical bridge-leg, (illustrated in figure 7), 
the rate of change of short-circuit current is limited 
by inductors (L 1 and L2 : RM 14 cores) which also 
limit freewheeling current from going through the 
parasitic diodes of the MOSFETs. At the 1 OA max­
imum continuous current rating of the drive, these in­
ductors are still a manageable size. This bridge-leg 
configuration is capable of withstanding simulta­
neous conduction of the two devices in the bridge­
leg since there are series inductors which reduce the 
rate of change of drain current. This provides suffi­
cient time for the short-circuit detection loop to 
operate. The power devices are thus turned-off 
without being stressed with high rates of change of 
pulse currents. 

At a maximum continuous current rating of 1 OA, 
SGSP477 MOSFETs and BY81 Pl200 fast free­
wheel diodes plastic packages are optimally rated 
for the 1 .2kVA power stage. 

5/10 
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Figure 7 : 1.2 Brush D.C. Motor Velocity Servo Drive (120Voc ; 1 OA : nom.). 
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GATE DRIVES AND PROTECTION 
Similar gate drives and protection circuits, (il­
lustrated in figure 8), have been used for the "high­
side" and "low-side" switches. This CMOS gate 
drive is well suited as switching speeds of 100 to 250 
nanoseconds are sufficient in motor drive applica­
tions requiring a switching frequency of around 20 
to 30kHz. Monitoring of the drain to source voltage 
while the device is conducting permits the detection 
of short-circuit conditions which lead to device 
failure. The device is turned-off before the drain cur­
rent reaches a value in excess of the peak pulse cur­
rent capability of the MOSFET. When the MOSFET 

VELOCITY fEEDBACK 

VELOCITY 
COMPENSA T!ON f----o VELOCITY 
&. MODULATION DEHAND 

MODULATED OUTPUT 

is turned-on the on-state voltage of the device 
(Vos(on)) is compared with a fixed reference voltage 
of approximately BV. At the turn-on instant, Vos(on) 
monitoring is inhibited for a period of approximately 
400 nanoseconds in order to allow the MOSFET to 
turn-on fully. After this period, if Vos(on) is detected 
to be greater than the fixed reference voltage, the 
device is latched-off until the control signal is turned­
off and turned-on again. 
The "high-side" gate drives have isolated low volt­
age supplies and isolated command signals using 
high speed opto-couplers. 

6/10 J.i'i SCiS·THOMSON 
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Figure 8 : An Isolated CMOS Gate Drive with Protection. 
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MOTOR DRIVE PERFORMANCE 

!OK 

Figure 9 illustrates the dynamic response of the 
motor drive to a step demand of 4000rpm. The 
response has been optimised for the no-load case 
(trace 1 ). Under heavy load inertia there is an over-

Figure 9 : Velocity Response of Motor Drive. 
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shoot in the velocity response (trace 2). The effects 
of changing the proportional gain and the integrator 
time constant of the PID controller can be seen in 
figures 10 and 11. 

Time scale : O.Ss/div 
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Figure 10 :The Effect Upon the Dynamic Response of the Analogue Velocity Servo System, when the Gain 
of the Proportional Term in the PID Controller is Varied. 
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Figure 11 :The Effect Upon the Dynamic Response of the Analogue Velocity Servo System, when the Time 
Constant of the Integrator in the PID Controller is Varied. 
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6KVA BRUSH D.C. MOTOR SERVO DRIVE 

Figure 12 illustrates the block diagram of the 
proposed 6kVA (120Voc; SOA) motor drive using 
ISOTOP packages for the MOSFETs in parallel 
(ISOFET) and the FRED diodes. 

Blocking diodes in series with the MOSFETs are 
proposed to prevent the MOSFET internal parasitic 
diodes from conducting. The asymetrical bridge-leg 
configuration is not a cost-effective solution since in­
ductors rated for SOA continuous operation are large 
and expensive. The series blocking diode has to be 
an ultra fast high voltage type. If the transistor F2 
(shown in figure 12) is conducting, the drain to 
source capacitance of the transistor F1 is charged 
to the HVDC voltage. If F2 is turned-off, the load cur­
rent transfers from F2 to the free-wheel diode, D1. 
Consequently the series blocking diode, D2, sup­
ports the drain to source capacitance voltage of F1 
(equal to HVDC) provided this capacitance is not 
discharged by turning-on F1. 

8/10 
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An isolated D.C. current measurement device, 
(such as an Hall-effect current sensor, LT80-P, 
manufactured by LEM), is recommended for the 
measurement of load current necessary for current 
limit control. 

Pulse transformer based floating gate drives il­
lustrated in figure 13 can be used forthe TSD4M250 
ISOFETs. The pulse transformer is used to transmit 
simultaneously the ISOFET logic command signal 
together with the gate to source capacitance charg­
ing current. The current mirror technique (reference 
2) is used to provide short-circuit and over-load cur­
rent protection. The pulse transformer operates at 
an oscillating frequency of 1 MHz when a turn-on 
control signal is present. The secondary is rectified 
to provide gate source capacitance voltage. The 
current mirror provides a voltage "image" of the main 
drain current. This voltage is compared with a fixed 
reference voltage in order that the gate drive be 
latched-off whenever the drain current exceeds the 
specified overload current level. 
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Figure 12: 6kVA Brush D.C. Motor Velocity Servo Drive (120Voc; 50A: nom.). 
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Figure 13 : Pulse Transformer Gate Drive with Current Mirror Protection for a TSD4M250. 
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CONCLUSION 

MOSFET based brush D.C. motor velocity servo 
drives have been described, with particular em­
phasis placed on the bridge-leg configuration, the 
PID compensation and modulation, the gate drive 
and protection techniques. The PID compensation 
and modulation circuits require few components to 
achieve good velocity servo performance. 

Figure 14: 1.2kVA Switched-mode Motor Drive . 
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The development has led to a compact high perfor­
mance 1.2kVA drive which is fully protected against 
output short-circuit conditions. A 6kVA motor drive 
is proposed using ISOFETs. MOSFET switching 
devices and their associated free-wheel and bloc­
king diodes have been specified for a range of brush 
D.C. motor drives rated between 600VA to 6kVA 
without the need to parallel MOSFETs in separate 
plastic packages. 
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A TRANSISTOR FOR 1 00 kHz CONVERTERS : ETD 

INTRODUCTION 
Power converter designers aim to reduce the size 
and the weight of their equipment. Hence, there is 
a trend towards higher operating frequencies. Con­
sequently for the semiconductor manufacturers, 
there is a growing demand for fast switches. The 
POWER MOSFET transistor is now well known as 
a fast device. 
However, the development of ultra fast "ETD" bipo­
lar transistors is now challenging this way of 

BY Luc WUIDART 

thinkingin certain applications. As an illustration, we 
have selected an example of a "300W- 1OOkHz for­
ward" switch mode power supply (SMPS). 

VOLTAGE CONSTRAINTS 

This "forward" converter contains a single power 
switch and operates directly from the 220V AC 
mains. The principle wave-forms are illustrated in 
figure 1. 

Figure 1 : Basic Theoretical Wave-forms of the Forward SMPS. 
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The switch must be capable of withstanding a static 
collector-emitter voltage which, to a first approxima­
tion, is given by : 

(1 + np/no) x Vm, where, 
np = number of turns in the primary winding 

- no= number of turns in the demagnetization winding 
- V;n = rectified mains voltage 

When operating on the 220V AC mains and when 
np equals no, the voltage across the switch ter-

minals should only reach 750V in the worst case 
(corresponding to a maximum rectified mains value 
of 375V AC). 
In re.ality, the voltage across the switch terminals 
reaches a peak value (Vpeak) which is much higher. 
The peak value depends upon the switching time, 
the circuit capacitance and the leakage inductance 
Lr between primary winding np and the demag­
netization winding no (see figure 2). 

Figure 2 : Leakage Inductance Lt between Primary Winding np and Demagnetization Winding no. 
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DESIGN OF SNUBBER CIRCUIT 

Tr. 

At turn-off, energy stored in the transformer leakage 
inductance generates a voltage spike (figure 3). In 
order to limit this voltage spike, the energy must be 
transferred to the capacitor Cmm in the snubber cir­
cuit. The energy depends on the switching current. 
In a 300W SMPS, the peak value of the current I max 

T000-020 

L 
Dl + 

IL 

1 v""' 
D2 c 

is 5A. It is this value of current which is used to cal­
culate the value of the capacitance Cmin required. 

With a maximum voltage Vpeak, the value of Cmin can 
be calculated using the following formula : 

Ltx lmai 
Cmm = 2 2 2 

V peak - V;n max ( 1 + Np/No) 

Figure 3a :Wave Forms of Switching Current and Voltage Across the Switch Terminals at Turn-off. 
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Figure 3b : Definition of the Voltage VcEoff. VcEoff is measured when the Collector Current Reaches 2 % 
of the Collector lcend. 
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We call VcEoff the voltage wh1ch appears during the turn-off at the moment when the collector cur­
rent lc reaches 2% of 1ts value lc,,, If the value VcEoff measured in the circuit is low compared 
to the ratmg VcEw of the transistor, the safety margin between the SOAR and the stress on the 
transistor is large. 

In practice, Vpeak can be set between 800 and 900V. 
To provide a safety margin, a switch with a blocking 
voltage capability of 1 OOOV must be used. This voltage 
corresponds to parameter VcEV for bipolar transistors 
and to Voss for POWER MOSFET components. 

For bipolar transistors, an additional parameter 
must be considered : the Reverse Biased Safe 
Operating Area : (RBSOA). The turn-off cycle must 
remain within the RBSOA, otherwise, the value of 
capacitance must be increased from Cmin to a higher 
value Cr. 

Thermal dissipation in the snubber resistor, Rs (fig­
ure 6), will be increased in the same ratio : 

Cr= 
It, X I max 

2 x VcEoff 

Table 1 :Transistor Characteristics. 

For the selected transistor, VcEoff must be less than 
the specified VcEw (see figures 3a and 3b). 

SWITCH TYPE 
In this application, three different types of switch 
using different technologies are considered. These 
are: 
- conventional bipolar transistor' 
- POWER MOSFET, 
- ultrafast bipolar "ETD" transistor (see appendix). 
Table 1 summarizes the performances of these 
types of switches under operating conditions, i.e., 
for a junction temperature of 1 oooc and with an op­
timized gate/base drive (optimized totem-pole drive 
for POWER MOSFETs and negative bias drive for 
bipolar transistors). 

Characteristics at Tj = 1 oooc "Totem-pole" gate drive. Base drive with negative bias. Same silicon 
area for each switch. 

Blocking Voltage Switching Time Conduction 
Capability (Tj = 100'C) (T1 = 100'C) 

t, IIi Roson, V CEsat 

STHV 102 
1000V 100ns 100ns 5.4Q 

VDMOS 

BUV 48 
1000V 

85ns 
250ns 2.8V (SA) 

Conventional Transistor (60AI1J.s) 

BUF 410A 1000V 50ns 100ns 2.8V (5A) 
ETD Transistor (100A/IJ.S) 
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The first point to notice is that at turn-off, an ETD 
transistor is as fast as a POWER MOSFET. 
More surprisingly, the ETD transistor is twice as fast 
as a POWER MOSFET at turn-on. 
Let us now consider the effects of the characteristics 

upon the size of the snubber. With a leakage induc­
tance of 6.5j.lH and a current of 5A, a capacitor Cmin of 
value 680pF is sufficient to limit the voltage VrEaJ<. to 
900V (fig. 4) : 

Figure 4 : Comparison of Turn-off Cycle Within the Safe Operating Areas for the Three Different Switches. 
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- However, a capacitor C, of 1.8nF is required to limit 
the VcEoff voltage to a value that is within the 
RBSOA of the bipolar conventional transistor. 

- In comparison, the POWER MOSFET and ETD 
transistors can be kept within their safe operating 
areas with a capacitor of only 680pF. 

LOSS EVALUATION 

For the 3D OW forward SM PS operating at 1OOkHz, 

APPLICATION NOTE 

the following assumptions have been made. 
The losses have been evaluated assuming a current 
lnom of 4A, corresponding to the nominal output 
power. A current of 2.8A rms is obtained with a duty 
cycle of 48.5%. For a realistic comparison, conduc­
tion losses were reduced by paralleling two POWER 
MOSFETs (the conduction losses of a single 
POWER MOSFETs would be approximately 43W). 
The results of this evaluation are as shown in Table 2. 

Table 2 : Results of Loss Evaluation for the Conventional Bipolar Transistor, the two paralleled Power 
MOSFET and the ETD BUF 41 OA Transistor. 

BUV48A 
Silicon Area 30mm2 

Snubber c, 1.8nF 
(RCD) 

PR* 51W 

Losses in the Switch 30W 

Conduction 5.4W 

Switching 20.7W 

Drive 3.9W 

TOTAL 
LOSSES 81W 
(RCD +COM) 

PR is the power dissipated in the resistor of the snubber circuit. 

for this application, the ETD transistor requires no 
more silicon area than a conventional bipolar tran­
sistor. 

- the ETD transistor uses the same value of snubber 
capacitance as a POWER MOSFET. 

- conduction losses in the ETD and the conventional 
bipolar transistor are the same. 

- the ETD transistor has the lowest switching losses 
of the three devices considered. 

In our example, at 1 DO kHz, the superior perfor­
mance of an ETD transistor results in about a 50% 
reduction in losses as compared to the BUV48A and 
30% compared with POWER MOSFETs. 

CONCLUSION 

The example described in this paper (300W -
1OOkHz SMPS), figure 6 shows that of the three de-

2 x STHV102 BUF410A 
40mm2 30mm2 

680pF 680pF 

19W 19W 

34W 17.5W 

21.3W 5.4W 

12.3W 9.2W 

0.4W 2.9W 

53W 36.5W 

vices considered, the ETD transistor is the op­
timum cost/performance solution. 

In addition, as a result of its fast switching capability 
(tr < 50ns ; tfi < 1 DOns) and its extended RBSOA, the 
ETD transistor can be successfully used in other ap­
plications such as resonant converters, motor drives 
or uninterruptible power supplies. 

ETD transistors with blocking voltage capability 
higher than 1 OOOV are under development. These 
transistors will enable higher switching frequencies 
to be used in equipment supplied directly from the 
380/440V mains supply. 
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APPENDIX I 

WHAT MAKES ETD TRANSISTORS SO AT· 
TRACTIVE? 
The new generation of ETD transistors adapted for 
high voltage applications is designed with an inovative 
technology utilizing a high degree of interdigitation. 

The most innovative feature of this technology con­
sists of the replacement of the traditional bipolar 
structure with emitter fingers (size: 250J..Lm) by a cel­
lular structure with much smaller dimensions (80J..Lm 
cells). This cell design considerably eases the ex­
traction of charge stored in the transistor during 
each switching cycle, since access to the intrinsic 
base is easier. This makes it possible to reduce 
switching times to values as low as 1 DOns. 
The "Planar" technology has been selected for two 
reasons: 
It permits extension of safe operating area at turn­
off. Moreover, it requires a reduced number of 

Figure 5 : Curve Illustrating the Variation of Storage 
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Time lsi versus Conduction Time lp. 
(ETD transistor BUF41 OA). 
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masking levels with respect to conventional high 
voltage "mesa" power technologies. 

REGULATION DYNAMICS 

In SMPS or motor drive applications, the minimum 
conduction time is a fundamental parameter when 
considering the dynamic regulation. The delay time 
at turn-off of the POWER MOSFETs specified in the 
data sheet is sufficiently low. 
In the case of bipolar transistors, storage time de­
pends on conduction time. In our application at 
1OOkHz, conduction time must vary from less than 
one microsecond to five microseconds. In the 
BUF41 OA data sheet, the curve showing the varia­
tion of storage time, Is, versus conduction time, lp, 
shows that storage time varies from zero to 750ns 
maximum (see Figure 5). Consequently, the regula­
tion dynamics are not limited. 
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Figure 6: Schematic Diagram of an ETD BUF410A Transistor Implemented in a 300W -100kHz Forward 
SMPS Application. 

220V-mams 

From galvanic 
insulation 

+ 12V 

T000-026 
D1 L 

1 Yout 

5600 

To control IC 

Q 1 ~ p-channel-45V, 9ohms 

Q2 = p-channel-60V, 1.6ohms 

717 

67 





APPLICATION NOTE 

AN INNOVATIVE HIGH FREQUENCY 
HIGH CURRENT TRANSISTOR CHOPPER 

INTRODUCTION 

Recent developments in power semiconductors and 
associated technologies have made possible the 
realization of medium power converters (5-50kVA) 
operating at switching frequencies higher than 20kHz. 

This paper presents the design of a high current 
(500A), high frequency (20kHz) chopper using fast 
Darlington switches operating from a low voltage 
supply (60V). New optimised design techniques for 
paralleling power semiconductor devices are 
described. The association of these methods allows 
the switching of 500A in less than 200ns. 

These new techniques are also suitable for high volt­

Figure 1 : Switches used in the Chopper. 

AN366/0689 

ESM 2012 D 

VcEW = 125V 

VcEv = 150V 

VcEsat (1 00°C) < 1 ,5V 

for lc = 70A 

Is= 0,25A 

tfi(100°C) < 0,4ms 

Rth= 0,7K/W 

By L. PEAlER & J. BARRET 

age medium power converters operating at high 
switching frequency, such as UPS, welding con­
verters, motor drives and battery chargers. 

A 500A - 20kHz CHOPPER WITH DARLINGTON 
IN PARALLEL 

High frequency bandwidth and regulation is 
achieved for the 500A output current by switching at 
an ultrasonic frequency of 20kHz with a turn-off time 
of less than 200ns. Consequently, high rates of 
change of current (in excess of 2000AIJ.lS) are ex­
perienced. Six Darlington transistors (ESM2012 D) 
in parallel and four ultra fast rectifiers (BYV54-200) 
in parallel are used to achieve the current rating. 

BYV 54-200 

VRRM = 200V 

VF(100°C) < 0,85V for IF= 50A 

Rth = 1,2K/W 
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APPLICATION NOTE 

Figure 2 : New Base Drive Concept which Automatically Generates the Negative Bias. (The negative bias 
generated is independent of the duty cycle). 
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A power Darlington and diodes are shown in figure 1 
together with their important characteristics. Figure 
2 shows the power stage and the base drive circuit. 
A base current of SA is sufficient to control a collector 
current of 500A. The static and dynamic sharing of 
the collector and base current between the paral­
leled devices is better than 90% provided : 

a) The devices are mounted in a circular layout on 
a common heatsink as shown in figure 3. 

APPLICATION NOTE 

Good utilization of the heatsink is achieved using 
this physical layout. 

b) The bases of the output stages of the Dar­
lingtons must be linked together. The access to 
the bases of the output stage of the ESM2012 
D Darlingtons enables this. 

Due to excellent current sharing, the Darlingtons 
can be used close to their nominal collector current 
rating. 

Figure 3 : Circular Geometry for the Physical Layout of Power Devices. 

Top view 

The BYV54-200 ultra fast rectifiers in parallel are not 
derated as these fast recovery epitaxial diodes have 

Figure 4 : Power Stage. 
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Side view 

negligible voltage drop (VF) spread. 
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APPLICATION NOTE 

Low wiring inductances are required for high perfor- overvoltage spikes at turn-off. 
mance switching as parasitic inductances cause 

Figure 5 : A Low Wiring Inductance is Necessary in Order to Avoid High Over Voltages at Switch off. 

on 

\_ 
off 

The 500A chopper has been designed with a low in­
ductance plate wiring method. The plate wiring con-

Figure 6 : Low Inductance Wiring. 
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sists of 2 parallel copper plates separated by a thin 
adhesive insulator (see figure 6). 
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Wiring inductances as low as 5nH/m can be 
achieved in a 500ARMS circuit using plate wiring. 

The parasitic inductance of the power stage of the 
500A chopper (capacitor+ Darlington +free-whee­
ling diode) has been estimated at 20nH. Such a 
reduction of wiring inductance in the power stage 

APPLICATION NOTE 

and the base drive allows : 

* Very high switching speed of the Darlingtons 
at turn-on and turn-off : 2000Aif.!S. 

* At turn-off an overvoltage of only 50V is ex­
perienced by the Darlingtons for a dl!dt of 
2000AI!lS. 

Figure 7: Turn-off Switching of the Fast Darlington Switch. 
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The ISOTOP package is used for all the power semi­
conductor components in order to optimize cooling 
and wiring. 

The package has screw terminals on the top of the 

Figure 8: A High Current Package: ISOTOP. 
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The design of a 500A - 20kHz chopper using fast 
switching Darlingtons and diodes has been 
presented. 
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case suitable for plate wiring, low parasitic induc­
tance due to its low profile and internal insulation 
with low thermal resistance. 

TODD 100 

The power semiconductor components have been 
packaged in the ISOTOP package, allowing screw 
connections and plate wiring techniques to be used. 
The techniques developed also can be applied in 
the design of medium and high voltage converters. 
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APPENDIX I 

LOW INDUCTANCE WIRING 
1. Modelling an inductance 

The inductance of wiring made with circular 
cross section wire, can be modelled as the sum 
of two terms : 
a) Self inductance of one wire : 

L1 = ~~ (H/m) Eqn.1 

b) Mutual inductance of the loop : 
J.LO b-a 

L2 = - Ln -- (H/m) Eqn.2 
n a 

The total inductance of the wiring os thus : 
J.LO 1 b-a 

LT = n ( 4 + In -a- ) (H/m) Eqn.3 

APPLICATION NOTE 

b 
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L T depends strongly on the geometry of the circuit. The best way to decrease L T is to decrease the area of 
the loop: 

TOOO 102 

2. TECHNOLOGY FOR LOW INDUCTANCE WIRING 

TOOO 103 

adhesive .. lssssssssss'C::> copper 

d 
L = J.LO. W Eqn.4 

I = SOOA, S = 20A/mm2, W = SOmm, d = 1 mm 
::} L = 20n H/m 
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APPLICATION NOTE 

APPENDIX II 

The cooling ability of a heatsink is not linearily dependent on its length 

TOOO 104 

2,8~ 

Separation of heat sources is thus necessary to optimize the cooling 
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Length, volume and weight can be reduced in some case by a factor of /2 if heating sources are spread 
over the heatsink 
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APPLICATION NOTE 

A POWER STAGE FOR A 20kHz 1 OkW SWITCHED MODE 
POWER SUPPLY FOR THE INDUSTRIAL 380/440V MAINS 

INTRODUCTION 

The theory of transistor converters operating from 
the single phase 220V mains is not the same as that 
for switched mode power supplies operating directly 
from the 380V and 440V mains and delivering an 
output power of more than 1 OkW. For the latter the 
increased technological constraints must be taken 
into account when designing such a converter. This 
paper explains the design of a 1 OkW - SMPS 
operating on the three-phase 380V - 440V mains 
and the solutions which have been found to resolve 
the technological problems. 

CHOICE OF THE CONVERTER STRUC­
TURE 

The converter has been designed for a supply from 
the 380V and 440V mains. It must provide an output 
voltage of SOV and an output power of 1 OkW. The 
operating frequency has been chosen to be 20kHz. · 
There are several possible solutions for the topology 
of the converter. The choice of topology has been 

Figure 1 : Full Bridge Converter. 

AN367/0689 

By Jean BARRET 

strongly influenced by technological considerations. 

CONVERTER TOPOLOGIES FOR THE 
10kW- POWER RANGE 

Considering the high supply voltage and the switch­
ing frequency of 20kHz, converter topologies ap­
plying a voltage in excess of the supply voltage to 
the transistors, or necessitating a power transformer 
with a low leakage inductance have been elimi­
nated. Transformers with a low leakage inductance 
that respect the insulation standards are difficult to 
manufacture. The one transistor "forward" converter 
and "push pull" converter are thus eliminated. 

The choice of the converter topology is reduced to 
two converter types : 

- The full-bridge (figure 1) which is a symmetrical 
structure with alternating magnetic polarisation. 

- The asymmetrical half-bridge (figure 2) in which 
the magnetic polarisation is uni-directional. 

.,ffiB 
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APPLICATION NOTE 

Figure 2 :Asymmetrical Half Bridge FORWARD Converter. 

CHOICE CRITERIA 
Theoretically the complete bridge is the solution for 
high output power : at equal output power the trans­
former is half as big as that of an asymmetrical half 
bridge. 
In practice, there exist a certain number of second­
ary parasitic phenomena which reduce the advant­
ages of a symmetric structure in comparison to the 
half bridge. One of these phenomena is that a full 
bridge is never perfectly balanced. A circuit to cor­
rect the symmetry must therefore be designed in 
and the transformer must be slightly larger to avoid 
saturation due to dissymmetry. 
The full bridge necessitates the use of 4 bidirectional 
switches and therefore of 4 galvanically isolated 
drive circuits, whilst the half bridge only requires 2. 
Simple switching aid networks cannot be directly ap­
plied to a full bridge, due to the direct coupling be­
tween the upper and lower switches. 
Supplementary chokes therefore have to be added 
which would complicate the circuit considerably. 

The asymmetrical half bridge does not have these 
problems. The input current of the asymmetrical half 
bridge has a bad form factor. Consequently and 
contrary to a full-bridge, the input filter capacitors of 
a half-bridge are subject to a high RMS-current. 
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These different considerations led us to choose an 
asymmetrical half bridge. The experiment has 
shown that our choice was reasonable and we think 
today that for an output power in the 1 OkW area, the 
asymmetrical half bridge presents the best technical 
and economical compromise. 

For a substantially higher output power the full 
bridge seems to be preferable. Alternatively, 2 
asymmetric half-bridge circuits can be used, opera­
ting in antiphase. 

THE ASYMMETRICAL HALF BRIDGE 

GENERAL CIRCUIT DIAGRAM 

The figure 3 shows the basic circuit and the principal 
voltage and current waveforms of an asymmetrical 
half bridge. 

In this converter, the transistors T1 and T2 are 
driven simultaneously. They conduct for a time 
't and are off for the rest of the period, T- 't. 

The diode D1 on the secondary conducts while the 
transistors are conducting (time 't). The secondary 
current (during time 't) goes through the inductance 
L. The diode D2 operates as a free-wheel diode 
(timeT -'t). 



APPLICATION NOTE 

Figure 3 : Forward Asymmetrical Half Bridge Converter. 
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THE MAIN FEATURES OF AN ASYMMETRICAL 
HALF BRIDGE 

The main features of an asymmetrical half bridge 
are: 

- The power transformer and ferrite core. Litz wire 
is used for the primary because of its reduced skin 
effect. The low leakage inductance is obtained by 
winding a half-primary and a half-secondary onto 
each leg of the transformer. A reduction of the duty 
cycle with increasing input voltage limits the mag­
netisation of the core. This reduces the transfor­
mer's volume to a minimum. 

- The Power Switches. The simultaneously driven 
power switches must be fast. Their drive must not 
be disturbed by parasitic signals. To obtain a good 
voltage safety margin, turn-off snubbing networks 
are necessary. 

- Rectifiers and filter components. The choke in­
ductance is the principal component of the output 
circuit. As far as possible, the inductance must be 
high, so that the maximum current in the power 
switches and the recifier diodes is as low as 
possible. Fast recovery diodes are used to reduce 
the switching oscillations. The use of an RC net-

work in parallel to each diode reduces the voltage 
ripple on the output. 

- Safety.ln power equipment, safety is a fundamen­
tal element which must be considered from the 
very first stages of design. The principal active 
safety elements we introduced are : 
a. current limitation for the power switches, 
b. a soft start, 
c. protection against overload on the output, 
d. control of auxiliary voltages, 
e. control of the transformer core magnetisation, 
f. minimum conduction time for complete dis­

charging of the snubbers. 
- Control. The control circuit was developed with an 

integrated circuit, the UAA4006. Amongst other 
things, this circuit contains several protection 
functions. The output voltage is detected by 
means of an extra winding on the filter choke. The 
free wheel diode is conducting during the demag­
netisation phase of the filter choke. During that 
time interval the voltage across the filter choke is 
equal to the output voltage. This voltage is fed to 
the control IC. The control IC also provides the 
features a-f listed above for safe operation. 
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APPLICATION NOTE 

THE POWER SWITCHES 

For the 1 OkW switched mode power supply opera­
ting from the 380V- 440V mains two fast power swit­
ches able to switch 100A with a maximum supply 
voltage of 700V are required. 
There are two possible solutions when choosing the 
power transistors. 

1. To choose transistors with VcEw higher than the 
maximum voltage the switch has to sustain. 
Theoretically, this would allow a design without 
turn-off switching aid networks. 

2. To choose transistors with V cEw higher than half 
the maximum supply voltage and with a VcEv 
rating higher than the maximum voltage the 
switch has to support. 

The second solution has the advantage of better 
switching performance than the first one. 

Figure 4 : Power Switch. 

+ 5 max 
I a - 20 
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A 

Note that this type of transistor is mounted in an ISO­
TOP package. The insulation voltage between the 
die and the bottom of the case is 2.5kV AC-RMS. 
This not only avoids external insulation but also 
considerably reduces the capacitance between the 
transistor and the heat sink, hence gives a reduction 
in RFI. 
A certain number of precautions are required when 
using transistors with VcEw lower than the maximum 
voltage, to which the switch is subjected : 
- A base-emitter resistance must be connected to 

each transistor (value ·stated on the data sheet), 
which insures a static blocking voltage of 700V 
and therefore protects the switch against any 
problem arising from the negative bias. Neverthe­
less the auxiliary voltage should be monitored. 

- A turn-off switching aid network must be con­
nected to each switch to insure that the load line 
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The switching times must be as short as possible 
since the minimum conduction time is of the order 
of 7~s and during a short circuit at the output about 
2to3~. 

Our choice is a Darlington combination using 
ESM6045A (fig. 4). 

PRINCIPAL CHARACTERISTICS OF THE TRAN­
SISTORS USED 

ESM6045A 
- VcEw> 450V 
- VcEv > 1 OOOV (VeE =- SV) 
- VcEsat > 2.0V 

- tsi < 6.0~s lc = 60A and le = 2.4A 
- tti < 0.6~ } 

- tc < 2.0~s Tj = 1 oooc 

Ic = < 100 A 
I 

r------------~ 
I I 
I I 

I 
I 
I 
I 
I 
I 
I 
I 

_j 

stays in the RBSOA at switch off. In our case, the 
network has to be calculated so that the collector­
current reaches zero before the collector-emitter 
voltage reaches 450V. 

- The driver circuit must be capable of providing suf­
ficient base current with an optimized waveform. 

- The conduction time of each transistor will always 
have to remain higher or equal to the time necess­
ary to discharge the snubber capacitor even in the 
case of an overload. 

If these precautions are respected, the voltage 
safety margin is the same as if very high voltage 
transistors were being used. 

BASE DRIVE CIRCUIT 

The base drive turns the transistor switches on and off 
as determined by the electronic control and safety cir­
cuit. 



The positive base drive is regulated in order to main­
tain the power transistors in quasi-saturation. This 
reduces the effect of parameter spread of the power 
transistors and simplifies the paralleling. The stor­
age and fall times are also reduced by this means. 

Figure 5 : Base Drive Circuit. 

APPLICATION NOTE 

The base drive must have a high immunity to elec­
trical disturbances (dV/dt for example). The input in­
terface uses a driver transformer with a bobbin with 
two segments. The base drive circuit for one switch 
is shown in figure 5. 
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APPLICATION NOTE 

Figure 6 : Wiring for High Power Switching. 

a) Base Drive with Poor Wiring. 

Base 
drive 

b) Base Drive with Recommended Wiring. 
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WIRING PRECAUTIONS 

Special care must be taken concerning the wiring of 
the fast high power switches. The switching speeds 
being in the order of 200A11-1s (much more if they are 
not limited), current/voltage oscillations are induced 
in the leads. 

It is therefore necessary to pay particular attention 
to the wiring to reduce the parasitic inductance : 

The connections between transistors, and to the 
drive must be as short as possible (figure 6) and 
form very small wiring loop areas. 

- Try to obtain the highest symmetry possible be­
tween the paralleled transistors. The spread of the 
transistor -characteristics is only of second order, 
(for components of the same type and from the 
same manufacturer) the spread in switching times 
is essentially a result of the wiring dissymmetry. 

- The reference point for the driver must be the 
emitter connection of the power transistor. Fig­
ure 6a shows an example where the zero point of 
the driver circuit is disturbed by voltages created 
by the fast rise and fall (dl!dt = SOA/1-ls) of the out­
put current of the driver stage. 

- The decoupling capacitors must be connected as 
close as possible to the switches. 

- The decoupling capacitors must have low equival­
ent series inductances and resistances. To further 
reduce the impedance of the decoupling capaci­
tor, multilayer film capacitors with low parasitic im­
pedance have been connected in parallel to the 
electrolytic capacitors. 

THE SNUBBERS 

A turn-off switching aid network is needed due to the 
VcEw rating of the switching transistors which is 
lower than the supply voltage. To obtain high effi­
ciency from the power supply, switching aid net­
works with energy recovery have been choosen 121. 

Due to the reverse recovery behaviour of the diodes 

APPLICATION NOTE 

these snubbers do not operate in an ideal way. The 
reverse recovery current of the diode DAcs (fig. 7) 
causes some problems. 

The reverse recovery time, trr, is dependant on the 
diode technology and the switching conditions. 

The reverse recovery current of this diode has sev­
eral consequences. 

- With a low load on the output of the power supply 
it produces a reverse collector-emitter current in 
the transistor. The transistor can be protected 
against this current by means of an antiparallel 
diode between collector and emitter. 

- The reverse recovery current of DAcs partially re­
charges the capacitor C1 (and discharges C2), 
figure 7. 

- It also flows through the choke L. If the stored en­
ergy is not discharged it will generate overvolt­
ages. The diode DAC4 clamps and limits this 
overvoltage to the supply-voltage. Unfortunately, 
the current through this "clamp" recharges C1 still 
more (fig. 8). 

Diode DAcs must be chosen with care. To reduce the 
parasitic phenomena it must have a very fast recovery 
characteristic. The type BYT30-1 000 was used. 

The resistor (R) parallel to the diode DAC1 allows the 
complete discharge of the capacitor C1 during the 
conduction time of the transistor (figure 8). This in­
creases the snubber losses, but they are still signi­
ficantly reduced (- 30%) when compared to those 
of a conventional RCD-snubber. 

These modifications to the snubber with energy re­
covery are justified with high switching frequencies 
(e.g. : 20kHz) and when the minimum conduction 
time is short. In this case the snubber must reset 
very rapidly and the parasitic phenomena of the 
components can no longer be neglected. 

The other components of the snubber are chosen in 
the same way as those for the conventional ReD­
snubber. 
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APPLICATION NOTE 

Figure 7 : Non Dissipative Snubber. 
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Figure 8 : Complete Diagram of a Power Converter Output Stage. 
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CONCLUSION 

The technological constraints are very important in 
the design of converters supplied from the 380V -
440V mains. 
The use of high voltage transistors with a VcEw 
rating lower than the supply voltage requires certain 
precautions, but enables a fast switching speed to 
be achieved. 

The magnetic components (transformer, filter­
choke), technological choices are also important 
since they affect the overall performance of the 
equipment as well as their influence on the size of 
the active components. 
Adding the snubber with energy recovery increases 
the efficiency of the power supply and the overall re­
liability. 

This circuit constitutes a basis for the development 
of switched mode power supplies in the power range 
of 1 to 1 OkW for power supply, welding induction 
heating, battery charger and other high power appli­
cations. 

APPLICATION NOTE 
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APPLICATION NOTE 

POWER SEMICONDUCTORS FOR HIGH FREQUENCY 
AC/DC CONVERTERS SUPPLIED ON THE 380/440V MAINS 

INTRODUCTION 

This paper is the result of the development in our la­
boratory of different switches and converters able to 
operate at ultrasonic frequency, supplied directly 
from the rectified 380/440V mains. 

This paper presents, in the first part, a typical spe­
cification for the converter and power switches. 

The second part describes several switches and 
driving circuits optimized for those requirements. 

1. SPECIFICATION: 

Our objective was to develop switches and drivers 
optimized for AC/DC converters supplied on the in­
dustrial 380/440V mains, switching at ultrasonic fre­
quency as used in Switch Mode Power Supply, 
battery charger or welding converter applications. 

We based our development on the design of a 5KW 
asymetrical half bridge (2 transistor forward) conver­
ter. An equipment of 1 OkW could be design with the 
same switches mounted in full bridge or in the as­
sembly of two asymetrical half bridge operating in 
antiphase. 

Because of the high voltage supply, the blocking 
voltage capability of the switches is 1 OOOV. In order 
to minimize the transformer and filters size and the 
acoustic noise a switching frequency over 20kHz is 
required. 
In a 5kW asymetrical half bridge supplied by the 
380V mains, the maximum duty cycle of conduction 

By L. PERIER & J.M. CHARRETON 

of the power switches is 50% of the total period. The 
current in the switch is 15A. Consequently the RMS 
current in the switch is 11 A. 

In order to use a very small heatsink the conduction 
losses in each switch are minimized (30W). 

Auxiliary supplies for the power switches are also 
excluded in order to minimize the volume and the 
cost of the auxiliary circuitry. 

2. A 1 OOOV MOSFET SWITCH : 

Power MOSFET technology is well adapted for the 
design of switches able to operate at high fre­
quency. 1 OOOV MOSFETs exist and they present 
the classical advantages of the MOSFET technol­
ogy : low drive consumption, good turn-off safe 
operating area, high over current capability, ... 

But the resistance of the epitaxial layer required to 
withstand the blocking voltage Vo£ (if 250V) is ap­
proximately proportionnal to Vas ·5· Consequently, 
the on resistance of the Power MOSFET increases 
rapidly with the blocking voltage capability Voss. 

The only way to reduce the conduction losses with 
a 1 OOOV MOSFET is to operate at very low current 
density and to use very large die areas. 

In our design, one switch requires a Ron of 0.15 ohm 
(Tj = 25°C). That means the paralleling of 
25xSTHV102 (3.5 ohms in SOT93 package) or 
more reasonably 5xST5MG40 (0.7 ohm in JSOTOP 
package). 

Figure 1 : ON Resistance R(on) versus Blocking Voltage Voff. 
(die area= 1 mm2- junction temperature= 1 00°C). 
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APPLICATION NOTE 

The gate drive presented in figure 2 provides the gal­
vanic isolation of the drive signal and avoids auxil­
iary supplies. 
When the signal MOSFET T1 is on, the power MOS-

Figure 2 : Schematic of the Power Switch and Driver. 

BYVl0-40 

3. A CASCODE/EMITTER SWITCHING SWITCH : 

50V high density Power MOSFET can operate at a 
current density 100 times the current density of 
1000V MOSFET for the same conduction losses 
(typically 2A/mm2 instead of 0,02A/mm2). 
The current density of a 1 OOOV bipolar transistor is 
in the region of 0.4A/mm2. For applications requiring 
the same current capability and the same dissipa­
tion, the 1 OOOV MOSFET requires about 30 times 
more silicon than the equivalent bipolar solution re­
sulting in a substantially higher power switch cost. 
Bipolar transistors developed with highly interdigi­
tated technologies such as the Easy-To-Drive tech-

2/5 

88 

FET Tis on. When the signal MOSFET T2 is on, the 
driving transformer is short circuited and discharges 
the gate source capacitance of T, turning Power 
MOSFET T 'off'. 

TOOO 060 

STHV102 

(T) 

Core. 76A FT 25 (LCC) 

nology (ETD) have a very fast fall time compatible 
with operation at high frequency. 

Consequently a solution using a high density 50V 
Power MOSFET (STVHD90) and a 1 OOOV bipolar in 
ETD technology (BUF420A) in cascade configura­
tion has been developed. 

The driving circuit presented in figure 3 requires only 
one transformer to provide the voltage control of the 
MOSFET and the base current of the bipolar. 

When the signal MOSFET T1 is on, the power 
switch T is on. The turn-on of the signal MOSFET 
T2 turns-off T. 
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Figure 3 : Schematic of the Cascade Switch and Driver. 
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As presented in figure 4, the cascade switch is very 
fast at turn-off. A Storage time less than 500ns and 
fall time less than 20ns have been obtained. The 
rate of fall of the collector current is very high 
(2000A/JlS). The use of low inductance wiring meth­
ods and packages is a condition for the design of this 
circuit. A turn-off snubber (R, C) limits oscillations 

Figure 4 : Cascade Switching Waveforms. 
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and maintains the bipolar switch inside its specified 
Reverse Bias Safe Operating Area. 
The rate of rise of the collector current (dl/dt)on at 
turn-on is limited in the converter by the leakage in­
ductance of the power transformer. Therefore turn­
on speed of the switch is not very critical. A (dl/dt)on 
of 50A/s has been obtained. 
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4. BIPOLAR SWITCH : 

The elimination of the SOV high density MOSFET is the 
last step to reduce the conduction losses and the num­
ber of power packages. But the remaining bipolar tran­
sistor must be driven with a negative bias on the 
base/emitter junction in order to obtain fast turn-off and 
a blocking voltage capability extended up to VcEv. 

Figure 5 : Bipolar Switch and Driver. 
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ON 

or_d 

With this circuit, a BUF420A switches 20A with a 
storage time of 211s and a fall time of 50ns at 
Tj = 1 oooc, see figure 6. 

Figure 6 :The Bipolar Switching Waveforms. 
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In the circuit presented in figure 5, when T1 is on the 
power switch T is on. T is turned-off when T2 and 
T3 are on. T2 drives the negative base current ofT 
and is turned-off after 3!ls. T3 resets the magnetic 
flux in the driver transformer before the next turn-on 
ofT. 
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(T). 

BUF420A 

(TZ) 
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5. CONCLUSION : 
This paper proposes different switches and drivers 
able to operate in AC/DC converters switching at 
ultrasonic frequency and directly supplied from the 
rectified 380/440V mains. 
The availability of 1 OOOV MOSFET makes possible 
the design of switches with high frequency capa­
bility, large turn-off safe operating area, large over­
current capability and easily controlled gate drive. A 
limitation of this solution is in the trade-off between 
the conduction losses and the current density. A me­
dium current 1 OOOV MOSFET switch needs several 
packages in parallel or a big heatsink. 
A switch developed with 1 OOOV bipolar transistor 
has low conduction losses and few parallel pack­
ages. Thanks to the use of highly interdigitated very 
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fast technology (ETD) the switching speed is com­
parable to the MOSFET solution. But the turn-off 
delay time is longer and the driving circuitry is more 
complex than a MOSFET circuit. 

A Cascade circuit has the advantages of both bipo­
lar and MOSFETtechnologies. It allows low dissipa­
tion with short turn-off delay time and simple driving 
circuitry. High density low voltage MOSFETs mini­
mises the increase of the forward drop. Because of 
the very fast turn-off speed, special care must be 
taken with the wiring. 

Driving circuits using only one transformer to pro­
vide the galvanic isolation power/logic and the en­
ergy to drive the power switches are also presented 
and adapted to each configuration of power switch. 

(4) New design considerations for increasing switch­
ing frequencies in transistorized high voltage 
converters by P. Maugest and L. Perier (lEE 
Birmingham 1986) 

(5) Optimized power stages for high frequency 
380/440V AC medium power switch mode sup­
plies by C.K. Patni and L. Perier (lEE London 
1988). 
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OPTIMISED POWER STAGES FOR HIGH FREQUENCY 
380/440VAC MEDIUM POWER SWITCH MODE SUPPLIES 

ABSTRACT 

This paper presents the elements necessary to 
make the optimum choice of power semiconductors 
(for the transistors and secondary diodes) and the 
power stage configurations for medium power 
SMPS (from 1kVA to 15kVA). 

The power stage practically realized comprises of 
an asymmetrical bridge forward converter. An op­
timised power switch combining bipolar and MOS­
FET technologies is developed. It is capable of 
switching in excess of 50A at 25kHz on the 
380/440VAC rectified three phase mains. 

Secondary diode choice depends largely on the 
transformer ratio and the desired output D.C. volt­
age. Conduction losses at 25kHz govern the choice 
of secondary diodes. 

By C.K. PATNI & L. PERIER 

INTRODUCTION 
System designers of switch-mode solutions for 
electric welders, battery chargers and computer 
power supplies need to choose the power-stage 
configuration, power semiconductors and regula­
tion best suited for their application. This paper 
provides data necessary to make this choice. 
Figure 1 illustrates a system block diagram of a typi­
cal medium power SMPS with the primary operating 
directly on the 380/440VAC rectified mains. The 
paper limits the discussion to the power-stage of the 
SMPS. Power stage configurations such as asym­
metrical bridge, full-bridge and half-bridge con­
verters are compared. Bipolar and MOSFET 
technologies are compared. Schottky and fast 
recovery epitaxial diodes are considered for the 
secondary rectification. 

Figure 1 : Block Diagram of a Medium Power SMPS. 
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POWER STAGE CONFIGURATIONS 

For medium power applications (1 kVA to 15kVA), 
the choice of the converter on the 3-phase industrial 
mains is between the asymmetrical bridge, 
capacitor-split half-bridge and full-bridge converters 
[1]. The half-bridge and full-bridge converters are 
symmetrical converters and thus require smaller 
input filtering than asymmetrical bridge converters. 
However, it is possible to combine two asymmetrical 
bridge converters operating in antiphase in order to 
obtain a power stage, which viewed from its input 
and output current waveforms, appears to be a sym-
metrical full-bridge converter. 

The asymmetrical bridge converter (figure 2) com­
prises of two power switches in series with the load 
connected between the two switches. Simultaneous 
conduction of these power switches when a fault 
condition exists on the secondary of the transformer 
is not catastrophic as there is at least the leakage in­
ductance of the transformer limiting the rate of rise 
of primary switch currents. The controlled rate of rise 
of primary current enables low-cost feedback 
protection circuits to react to the fault condition 
and turn-off the primary switches. 

Figure 2 : Asymmetrical Bridge Converter - The Developed Power Stage. 
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The use of turn-off switching-aid-networks (snub­
bers) does not pose a problem in asymmetrical 
bridges. In half-bridge and full-bridge converters, 
the use of turn-off snubbers generally necessitates 
the use of turn-on snubbers required to limit the rate 
of rise of primary switch currents [2]. 

The power stage developed utilizes the asymmetri­
cal bridge converter because of these reasons. 

For very high output power capability (in excess of 
1 OkVA), the full-bridge converter can be the op­
timum choice provided the circuitry necessary to 
maintain volts-seconds symmetry can be easily im­
plemented. The full-bridge operates the transformer 
in two magnetic quadrants. Consequently the size 
of the transformer can be reduced. Figure 3 il­
lustrates a full-bridge converter which incorporates 
the advantages of the asymmetrical bridge structure 
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(no catastrophic simultaneous conduction of tran­
sistors and easy snubber networks) with the ad­
vantages of the symmetrical converter of reduced 
transformer size. 

TECHNOLOGY CHOICE 

Bipolar and MOSFET technologies are best adapted 
for high frequency (greater than 20kHz) medium 
power SMPS. Figure 4 illustrates the on-state resis­
tance for 1 mm2 of silicon surface versus blocking 
voltage for high voltage power MOSFETs. The resis­
tance of the epitaxial layer required to withstand 
blocking voltage VDS (in excess of 250V) is ap­
proximately proportional to VDS2.5. Consequently, 
even if this theoretical limit is approached, the on­
state resistance increases rapidly as blocking voltage 
VDS increases for high voltage power MOSFETs. 
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Figure 3 : A Quasi-asymmetrical Full-bridge Converter. 
-Transformer provides inductance between two switches in series. 
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Figure 4 : MOSFET Blocking Voltage versus on-state Resistance/mm2. 
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The current density for a 1 OOOV bipolar transistor2 
such as a BUF41 OA is in the region of 0.4Nmm 
when conducting a nominal current of 1 OA with an 
on-state collector-emitter voltage of 2V maximum at 
100°C junction temperature. The equivalent on­
state resistance for a 1 OOOV bipolar is thus ap­
proximately 5 Ohm/mm2 whereas for a 1 OOOV 
Power MOSFET is 1 00 Ohm/mm2. For an applica­
tion specifying only nominal switching current 
capability, the Power MOSFET solution requires 30 
times more silicon than the equivalent bipolar solu­
tion (not considering the drive requirements) result­
ing in substantially higher power transistor cost. 

Even though higher current density is achieved with 
bipolar transistors, the Power MOSFET has the clear 
advantage of a larger safe operating area at turn-off, 
larger peak current capability ar)d easy voltage control­
led gate drive. The 1 OOOV bipolar transistor has the dis­
advantage of longer turn-off delay time (due to its 
storage time) and high drive current requirements. A 
cost comparison of a Power MOSFET based solution 
with a bipolar based solution should thus be based on 
cost ofthe switch together with its drive, protection and 
auxiliary power supply circuits. 

Quantitative comparison is complicated by the very dif­
ferent operational characteristics of Power MOSFETs 
and bipolar transistors. However, qualitative com­
parison leads the authors to conclude the following : 

1) In medium power SMPS, where bipolar and 
Power MOSFET technologies can be used, the 
technology comparison must be based on cost 
evaluation of solutions meeting the specification 
both for PEAK transistor switching current as well 
as AVERAGEIRMS transistor switching current. 

2) Generally the Power MOSFET is sized for the 
RMS transistor switching current, whilst verifying 
that the peak current capability of the device 
meets the specification. 

3) The bipolar solution is sized on the peak transis­
tor switching current specified in the application. 

THE DEVELOPED POWER STAGE 

The developed power-stage has the characteristics 
listed in table 1. The asymmetrical bridge forward con­
verter was used with the maximum duty cycle limited 
to approximately 40%. The continuous rated primary 
current was 20A (for 40% duty. cycle). The peak 
primary switch current capability was 50A. The trans­
former design (provided in appendix I) had a primary 
to secondary turns ratio of 10 to 1. Consequently the 
continuous rated secondary output current was 200A 
at a secondary output voltage of approximately 18V. 
The secondary output peak current was 500A when 
the primary switch current was 50A. 
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Table 1 : Developed Power Stage 
Characteristic. 

Comments Value 

Input Supply Voltage 380/415/440V AC 

Continuous Primary Current 20A 
Peak Primary Current 50 A 
Maximum Duty Cycle 40% 
Switching Frequency 25kHz 
Continuous Secondary Current 200A 
Peak Secondary Current 500A 
Secondary Voltage (nominal) 18V 

THE ASYMMETRICAL BRIDGE CON· 
VERTER 
A solution for the converter, based on bipolar and 
Power MOSFET technologies, encompassing the 
advantages of high switching current density and 
voltage controlled drive, was developed : this con­
verter for the power stage was based on the CAS­
CODE switch [3]. Due to the relatively large nominal 
primary switch current (20A), a bipolar based solu­
tion was necessary. The CASCO DE switch required 
a simple voltage controlled drive signal. No floating 
auxiliary supplies were required as the base current 
for the bipolar transistor was provided by a propor­
tional current transformer. Figure 5 illustrates the 
primary CASCODE switch (based on bipolar and 
MOSFET technologies) which is used in the asym­
metrical bridge converter. 
The switch comprises of a BUV298A bipolar transis­
tor (B 1) in ISOTOP package and a high density 50V 
(23 mOhm at 25°C) Power MOSFET STHVD90 (F1) 
connected in CASCO DE. A 1 OOOV Power MOSFET 
STHV1 02 (F2) provides the initial base current. A 
50V Power MOSFET BUZ11 (F3) turns-on when the 
STHVD90 CASCO DE MOSFET (F1) is turned-off. 
Consequently the collector current is extracted via 
the base through Power MOSFET F3. A turn-off 
snubber (comprising of R1, D1 and C1) maintains 
the turn-off within the reverse bias safe operating 
area (RBSOA) of the bipolar BUV298A. 
The primary switch conduction losses (at nominal 
20A current for 40% duty cycle) are approximately 
30W at a 1 00°C junction temperature for the CAS­
CODE switch. The primary switch could be based 
purely on 1 000 volts Power MOSFETs (STHV1 02, 
3.5 ohm at 25°C) in parallel. However, for 1 0 of 
these Power MOSFETs in parallel, under the same 
operating condition, the conduction losses would be 
approximately 90W. 
Figure 6 illustrates a pulse transformer gate drive 
used with the primary switches. This gate drive pro­
vides positive and negative bias of the Power MOS­
FETs in the CASCODE switch. The pulse 



transformer also provides the isolation between the 
primary switches and the control logic. With this 

APPLICATION NOTE 

gate drive, the asymmetrical bridge converter re­
quires no auxiliary power supplies. 

Figure 5 :The Developed CASCODE Asymmetrical Bridge Converter. 

Figure 6 : Isolated Pulse Transformer based Gate Drives for Power Stage. 
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ASYMMETRICAL BRIDGE OPERATION 

Figure 7 illustrates the extremely fast switching and 
short (less than SOOns) storage time at turn-off ob­
tained using this CASCODE switch. The primary 
switch was tested with a bridge high voltage DC rail 
of 600Voc, primary current of SOA at 25kHz switch­
ing frequency. 

Figure 7 : CASCODE Primary Switch Commutation 
- (I PEAK = SOA). 

Vcs 

t = lps/d1v 

Is= IOA/d1v 

Vcs = 200V /dw 

lc = 20A/d!V 

SECONDARY RECTIFYING DIODES 

The transformer had a primary to secondary turns 
ratio of 10 to 1. Consequently the voltage experi­
enced by the secondary diodes at 600Voc HVDC 
was 60V in addition to any overvoltage due to para­
sitic inductances. 

Schottky diodes which have extremely low conduc­
tion voltage (approximately 0.4V) can not be used for 
this application as they are limited in blocking voltage 
to approximately SOV. If the secondary output volt­
age was SV (for example, computer applications), 
the transformer ratio would have been higher thus 
permitting the use of Schottky diodes. 

The diodes best suited for the specified secondary 
output are fast recovery epitaxial diodes ('FRED'). 
FRED diodes BYV255V200 were used in the circuit 
having conduction voltages of approximately 0.85V 
at rated current and at 125°C junction temperature. 
Figure 8 illustrates the blocking voltage experienced 
by the secondary diodes with resistor/capacitor 
snubber networks. 

At continuous rated output power, each secondary 
diode conducts for approximately 50% of the time an 
average current of 1 OOA. Assuming a junction tem­
perature of 125°C, the instantaneous forward volt­
age drop is 0.85V at approximately 1 OOA. Hence 
diode conduction losses are approximately SSW ; 
(0.85Vx1 OOA = SSW). 
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Figure 8 : Secondary Diode Switching Waveforms. 
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The leakage inductance between primary and 
secondary of the transformer is generally large such 
that the rate of decay of current in these diodes is 
controlled. Hence the reverse recovery is not critical. 
Thus at 25kHz switching frequency conduction los­
ses are the prime criteria for the choice of the secon­
dary diodes. 

CONCLUSION 
Bridge converters for medium power SMPS (1kVA 
to 15kVA) have been discussed. Turn-off snubbers 
and low-cost protection circuitry can be used with 
asymmetrical converters. A quasi-asymmetrical full­
bridge converter has been proposed for high power 
SMPS which operate the transformer in two mag­
netic quadrants. 

The 1 OOOV Power MOSFET is a well adapted 
choice for low continuous power SMPS especially 
when high pulse current capability is specified for 
the primary switch. Bipolar transistors have high cur­
rent density and are better adapted for medium 
powerSMPS. 

The choice of secondary diodes at 25kHz switching 
frequency is based primarily on conduction losses. 

The developed power stage utilized the CASCODE 
configuration for the primary switch. This solution 
had the advantages of both the bipolar and Power 
MOSFET technologies. Fast epitaxial rectifying 
diodes (FRED) have been used in this power stage. 
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ANNEX I 

TRANSFORMER DESIGN 
The transformer design parameters for the 
developed asymmetrical bridge forward converter 
are: 
VMIN = 500Voc 
VourPur = 18V 
Duty cycle = 0.4 (MAX) 

VMAX = 600Voc 
I oUTPUT= 200A 
Freq. (f) = 25kHz 

APPLICATION NOTE 

For forward converter operation equation [1] 
provides an approximate practical method of cal­
culating the ferrite cross-sectional area. 

S = KVVourPur.louTPUT = 900mm2 [1] 
S = cross-sectional area in mm2 

VouTPUT =Output secondary voltage 
louTPUT = Output secondary current 
K = 15 (for 850 ferrite material). 

Two GER65/33/27 (LCC) E shape 850 ferrites were 
sandwiched together to form a ferrite core cross­
sectional area (S) of 1064mm2. 

Minimum number of primary turns (Np) can be cal­
culated using equation [2]. 

Np > VMAX Duty cycle > 36 
BMAX. S.f 

[2] 

Np was made equal to 40. 

The number of secondary turns can be calculated 
using equation [3]. 

Np > VourPUT. Np > 3.6 
VMIN. Duty cycle 

[3] 

Ns was made equal to 4. Hence the primary to 
secondary turns ratio was 10 to 1. Consequently 
peak primary current (20A) was one tenth of 200A 
secondary current. 

The primary RMS current can be calculated using 
equation [4]. 

IRMS = IPEAK. VDuty cycle= 20 ~ 12.5A [4] 

Using a current density of 5Nmm2, the primary was 
wound using two wires in parallel of 1.25mm 
diameter. 

The secondary wire cross-sectional area was 
20mm2 calculated in a similar manner as for the 
primary wire. 

MEASURED PARAMETERS 
Leakage inductance = 90J.!H 

(secondary short-circuited) 

Primary inductance= 17.5mH 

Insulation material used between primary and sec­
ondary was capable of supporting 1500VAc at 
50Hz. Three pieces of 0.65mm plastic film were 
used for this isolation. 
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ANALYSIS AND OPTIMISATION OF HIGH FREQUENCY 
POWER RECTIFICATION 

How can the performance of power electronics be 
improved 7 Today, in many cases, it is the job of the 
designer. The fast rectifier switching behaviour de­
pends on the operating conditions. The analysis and 
the optimisation of these conditions can be an im­
portant source of improvement in performance. 

1. SWITCH-OFF OF FAST RECOVERY REC­
TIFIERS 

It is possible to define theoretically two types of 
switch-off1. 

1.1. FREE-WHEEL MODE (figures 1 & 2) 

When the rectifier switches-off it is always in parallel 
with a voltage source. In this case the assumption 
is that the parasitic inductances are negligible. This 
type of behaviour can be met in the majority or rec­
tifier applications such as free-wheel rectifiers in 
step-down and step-up converters, full wave recti­
fiers, etc ... (figure 2). Generally, a rectifier in free­
wheel mode is always in parallel with a voltage 
source when it turns-off. 

1.2. RECTIFIER MODE (figures 1 & 3) 

An inductance defines the diF/dt (decreasing slope of 
the rectifier current) and when the rectifier switches-off 
it is always in series with this inductance. This type of 

AN370/0689 
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behaviour can be met in some applications such as 
rectifiers in flyback converters and many functions in 
thyristor circuits, (figure 3). Generally speaking a rec­
tifier in the rectifier mode is always in series with an in­
ductance L and this inductance L defines the diF/dt. 
The fundamental difference between these two 
modes is that in the rectifier mode there is a stored en­
ergy 1/2LIRM2 due to the series inductance. After the 
turn-off this energy is dissipated in the rectifier and/or 
in the associated circuits. 

1.3. TURN-OFF LOSSES 

Free-wheel mode 

WoFF is the energy dissipated in the rectifier during 
turn-off. 

WFR= 
f t2 Vldt (refer to figure 1) 

t1 

Low voltage(< 200V) fast rectifiers have a high in­
ternal capacity and the minority carriers have a very 
short life time. High voltage fast rectifier have a 
thicker N silicon layer and the minority carriers have 
longer life time and consequently different beha­
viour during the turn-off condition blocking state. 
(Higher IRM and t1RM- more damping). 
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Figure 1 : Fast Rectifier : the two turn-off modes. 
a) Free-wheel Mode. 

o t1 tz 
d1Fidt FIXED BY THE TRANSISTOR (or by 
the external circuit) 

LOW LOSSES IN THE RECTIFIER 

WoFF = K · VR · IRM · TiRM 
(0.15 < K < 0.35) 

NO OSCILLATIONS AND OVERVOLTAGE 

b) Rectifier Mode. 

d1Fidt FIXED BY THE INDUCTANCE 

diFidt = VRIL 

HIGH LOSSES IN THE RECTIFIER 

WoFF = K · VR · IRM · T1RM + 1/2 L.}RM 
When a snubber is used some of the energy is dissi­
pated in the snubber. 

ALWAYS OVERVOLTAGE AND 
OSCILLATIONS IN SOME CONDITIONS 

5Aidiv. 50V/div. 0.051J.S/div. 
BYT30 -1000 -IF= 3A- diFidt =- 75A/1J.S- VR = 1 OOV- T CASE = 25°C 
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According to the experimental results the turn-off 
energy loss (W)FR in the free-wheel mode can be 
written : 

(W)FR = K X VR X IRM X ttRM (1) 

Max Voltage Rating (V} 

K 

Rectifier mode 

Losses in this mode, (W)REC. are the sum of the 
stored energy 1/2 L IRM2 and the recovery energy 
(W)FR: 

(W)REC = (W)FR + 1/2 L IRM2 (2) 

In some cases, oscillations can occur. This depends 
on the damping due to the current tail effect after 
switch-off. When oscillations occur energy is dissi­
pated during the oscillations partly in the rectifier and 
partly in the circuit. When snubbers are used a sig­
nificant part of the energy is dissipated in the snub­
ber. 

2. PRACTICAL SWITCH-OFF BEHAVIOUR 

The two cases, free-wheel mode and rectifier mode 
are simplified cases that are easy to simulate in ala­
boratory characterisation. In practical equipment 
there is always a possible overlap between the two 
theoretical modes, because : 

Figure 2 : Rectifiers in Free Wheel Mode. 

+ 
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K(1) is a constant that depends on the thickness of 
the N type silicon layer. 

1 . No circuit is without parasitic inductances. 
2. The rise time (or the fall time) of the switch is 

not infinitely fast when compared with the rate 
of change of current, diF/dt. 

Experimental results show that in all cases the fol­
lowing formula can be used : 

(W)oFF = (W)FR + 1/2 Ls IRM2 (3) 

Where Ls = series inductance 

This important relationship is a useful tool for the de­
signer, giving him the main parameters that in­
fluence the turn-off energy. 
N.B. :The following relationship (4) is only true for 

the pure rectifier mode. 

(W)OFF =OR X VR (4) 
Where OR = recovered charge 

(1) K is experimental - Defined for SGS-THOMSON 
Microelectronics fast rectifiers. 

Figure 3 : Rectifiers in Rectifier Mode. 
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Figure 4 : Switch-off Behaviour of the Ultrafast BYT12-400V Rectifier (current rating 12A- voltage rating 
400V). 
Conditions: IF= 13A diF/dt = -150Nf.lS VR = 1 OOV Tease= 25°C. 
In the case of rectifier mode : L = 0,6f!H. 
The turn-off lost energy calculated by the current and voltage is : 
(W)FR = 3f.lJ free-wheel mode. 
(W)REC = 1 Of!J rectifier mode. 
The storage energy in the inductance is : 1/2 L IRM2 = 7.5f!J. 

a) Free wheel mode. 

The use of this equation for a lot of practical circuits 
can be considered as a first approximation. It leads 
to over estimated losses, if the rectifier does not 
operate in pure "rectifier mode". 

3. CHARACTERISTICS OF FAST RECTIFIERS 

The characteristics of fast rectifiers are the result of 

VRRM 

Type 
T1 ~ 100°C IRM(A) 
diFidt ~- 50NilS 

IJRM(IlS) 
VF (V) 

IRM increases with diF/dt (figure 5). 

IRM increases with Tj (figure 6). 

200 

BYW81 
1.8 

0.05 
0.66 + 0.0071 

The important points that emerge are : 
1. High voltage fast rectifiers are not so fast as low 

voltage fast rectifiers, (comparing devices of 
equal current rating). 

2. Tj and diF/dt have a strong influence on the 
reverse recovery current. 

4/12 

104 

b) Rectifier mode. 

a trade off between : 
Speed (IRM) 

- Max voltage rating (VRRM) 
- Forward voltage drop (VF). 

Example : 12A fast rectifiers. 

Operating conditions 

400 800 

BYT12-400 BYT12-800 
3.7 6 

0.075 0.160 
11 + 0.021 1.3 + 0.031 

4. EXAMPLES 

1000 

BYT12-1000 
7.8 

0.200 
1.3 + 0.031 

4.1. FL YBACK CONVERTER (figure 7) 

The behaviour is as a pure rectifier ; the rectifier is 
driven by a current source, the inductor, L. 

For a frequency less than 1OOkHz the switching 
losses are small in comparison to the conduction 
losses, because diF/dt defined by Vo/L is always 
small, (see table figure 7). 
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Figure 5: Switch-off Behaviour of the Fast Rectifier BYT12P 1000 (current rating 12A voltage rating 1 OOOV). 
Influence of the diF/dt. 

IRM(A) 
30 r-----r-......,.---.---,---, 

10 1o2 

Figure 6 : Switch-off Behaviour of the Fast Rectifier BYT12 1 000 Influence of TJ. 
One Curve TJ = 25°, one curve TJ = 60°. 
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o/o 

250 

G~~/ 
200 ~ 

/I 
./ ;;::ty 

~ v -~ 150 

~ 
..,. 
~ 

100 -25 50 75 100 125 150 T(vj)(°C) 

5/12 

105 



APPLICATION NOTE 

How can the designer reduce the losses ? 
1. The ratio I peakllAVG, is very unfavourable in this 

type of circuit. It is essential when the peak volt­
age is less than 200V that the "high efficiency 
ultra fast" family which have very low conduction 
losses are used. When the peak voltage is 
greater than 200V one solution is to use a rectifier 
with higher current rating. 

Example: 
In the same circuit at 12A with : 

BYT12-800: conduction losses= 7.6W, a 12A 
rectifier. 

- BYT30-800 :conduction losses = 6W, a 30A 
rectifier 

2. Reduce the junction temperature. If Tj is 
decreased from 100 to 75°C the switching losses 
are reduced by 20%. 

4.2. SMALL CURRENT RECTIFIER (figure 8) 

A transformer with a leakage inductance measured 
on the secondary side Ls = 111H supplies a fast diode 
D. The average output current is 0.8A and the output 
voltage is 48V. 
The designer wants to use the popular diode BA 157. 
This is not possible because the total power dissi­
pation is 1.15W at 40kHz. At this frequency he can 
only use a popular 2A current rated diode (for 0.8A 
rectified current) and at 200kHz there is no solution 
with popular diodes (see table in figure 8). 

How can the designer reduce the losses ? 
1. Choose a diode in the "high efficiency family". For 

example he can use the BYW1 00 for 40kHz to 
200kHz, (see table figure 8). 

2. Reduce the leakage inductance : with a leakage 
inductance Ls = 0.111H, BY218 at 200kHz 
(1.24W, 8Tj = 93°C). 

4.3. FULL WAVE OUTPUT RECTIFIER 

There are two different full wave rectifying circuits. 

4.3.1. VOLTAGE SOURCE- CURRENT OUTPUT 

Current and voltage behaviour are indicated in fig­
ure 9. The inductance Ls is the leakage inductance 
of the insulation transformer. 

The 4 rectifiers operate in an intermediate mode be­
tween "free wheel" and "rectifier", because there are 
some 1/2 Ls IRM2 losses. 

4.3.2. CURRENT SOURCE- VOLTAGE OUTPUT 
(figure 1 0). 

In this circuit, each rectifier operates in "free wheel" 
mode. The series inductance does not introduce ad­
ditional losses. (This assummes there is no parasitic 
inductance between the rectifiers and the capacitor 
C). 

How can the designer reduce the losses ? 

Figure 7 : Flyback Rectifier Output Average Current 4A. 
Below 1OOkHz the switching losses are negligible, in comparison with the conduction losses. 
The reason is limited diF/dt, consequently limited IRM. 

jci 
~~ ~--~--~T----+---~tj-T=-0_.4_ 

20A 

IAVG + 4A 

Pure "'rectifier mode" 

Vo (V) 12 48 100 

Rectifier BYW81-100 BYT12-400 BYT12-800 
"High Efficiency" 

Conduction Losses (W) 3.2 6 7.6 

Switching Losses a 50kHz (W) 0.006 0.05 0.81 

Switching Losses a 200kHz (W) 0.05 0.5 5.5 

6/12 

106 



APPLICATION NOTE 

Figure 8: The Popular Diodes BA157- BY218 are not Fast Enough for High Frequency Rectifying. The 
BYW100 is well adapted. 

DIODE 

I RM a 1 OO'C dl/dt =- 20AIIls (A) 
tiRM a 1 OO'C dl/dt =- 20AIIls (A) 
(W)FR (llJ) 
1/2 Ls I~M (llJ) 

Conduction Losses (W) 
Switching Losses a 40kHz (W) 
Switching Losses a 200kHz (W) 

Total Diode Losses a 40kHz (W) 
t. Tj a 40kHz ('C) 

Total Diode Losses a 200kHz (W) 
t. Tj a 200kHz ('C) 

a) Voltage source - current output 

0.8A 
48V 

Reduce the transformer leakage inductance. 
Table of figure 11 shows that in the case of the 
400V 1 OA 200kHz bridge circuit the suppression 
of the inductance Ls can save 4 x 16.5W = 66W. 
Replace in the same circuit the high voltage fast 
rectifier BYT12-600 by 3 "high efficiency" 
BVW81-200 in series (see figure 12- table). The 
total losses decrease from 186W to 58W. This 
result is very important as it shows it is more ef­
ficient to use several "high efficiency" ultra fast 
rectifiers instead of a single high voltage one for 
high frequency operation. 

b) Both 
Use of sinusoidal current (resonant converter) in­
stead of rectangular waveforms. Figure 11 shows 
that for the same conditions (400V - 1 OA -
200kHz) the switching losses with a sinusoidal 
current are only 4 x 7.5 = 30W ( 4 x 22 = 88W with 
rectangular wave forms). 

4.4. STEP UP CONVERTER 
The rectifier operates in free wheel mode. The main 
losses in this case occur in the transistor during the 

!.SA 

20Aifs 
/ 

- t 

T 
t/T=0.5 

BA157 BY218 BYW1 00-200 
Popular Popular High Efficiency 

2.8 2.8 0.75 
0.14 0.14 0.05 
2.08 2.08 0.01 
3.9 3.9 0.28 

0.944 0.744 0.592 
0.2 0.2 0.012 
1.3 1.3 0.06 

1.15 0.44 0.6 
115' 71' 60' 

1.97 1.77 0.65 
197' 132' 65' 

turn-on (similar to the step down converter). Fig­
ure 13 shows that with 600V output at 40kHz, if the 
rectifier switching losses are reasonable, the tran­
sistor turn-on losses are too high. 
How can the designer reduce these turn-on losses? 
(fig. 13). 
a) Decrease the rectifier junction temperature by 

more efficient cooling. 
If the BYT12-800 junction temperature 
decreases from 100 to 70°C, the transistor turn­
on losses decrease from 39.5W to 33W. 

b) To replace one BYT12-800 by 4 high efficiency 
BYW81-200 in series. The total balance is a 
reduction in losses from 39.5 to 16.6W in the tran­
sistor with same losses in the rectifier. 

IN SUMMARY 
Two major actions reduce switching losses caused 
by fast recovery rectifiers : 

1. APPROPRIATE CHOICE OF COMPONENT 
• The fastest rectifier compatible with the peak 

voltage in the application. 
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• If the peak voltage VR exceeds 400V the desig­
ner must analyse carefully the switching losses: 
- These losses are proportional to 12RM x VR. 

- A BOOV fast rectifier has an IRM approximately 
two times higher than a 400V fast rectifier 
(same current rating). 

Figure 9 : Voltage Source, Output Current Full Bridge Circuit. 

INPUT 

I (02 03) 

I (Dl 04) 

V (D2 D3) 
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Figure 10: Current Source, Output Voltage Full Bridge Circuit. 

CURRENT 
SOURCE 
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V (D2 D3) ""'-I (Dl D4 I 

9/12 

109 



APPLICATION NOTE 

Figure 11 : Switching Losses (per leg) in a full Wave 200kHz Bridge Circuit. Output 1 OA. 
In case of voltage source, current output, the (leakage) inductance Ls introduces LdRM 
losses. 
In case D, the losses are smaller (6 x 4 = 24W instead of 22 x 4 = 88W) because dl/dt is smal­
ler, consequently IRM is smaller. 

Ls = 0.5f!H (48V) 
1)lH (200V) 
1.5)lH (400V) 

Vo 48 
Rrti£i.er BYWSl-100 

(A) 

(C) 

(D) 
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dljdt=-240A/.f"' 

,--~Y'--/--, di/dt=-120A/)'s 
200kHz 

/ 

/ dl/dt=-240A/)"' 

,------"'-----, dl/dl=-120A/p 

r-IIH--+-J .... -1/ lOA 

I._;ii SGS·THOMSON '!If I liOilfi©Ul@~~~©V~@II!fi©@ 

0.76W 

0.16W 

0.16W 

0.04W 

200 400 
BYT12-300 BYT12-600 

5.6W 38.5W 

2W 22W 

2W 22W 

0.6W 6W 
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Figure 12 : Switching Losses (per leg) in the Full Wave 400V 200kHz Bridge Circuit with two Different 
"rectifiers". 
Replacing the high voltage BYT12- 600 rectifier by 3 "high efficiency" ultra fast BYW81 - 200 
in series reduces the total losses dramatically. This is why the IRM from BYW81 is very low and 
the voltage drop of this high efficiency rectifier is very low. 

Rectifier BYT12-600 3x B YW81-200 

Conduction Losses 8 11 
F =200kHz 

Vo = 400V 

IAVG = 10A 
(W) 

Switching Losses (W) 38.5 3.5 
diFidt = -120NJ.!S 

tiT= 0.5 Total Losses per Leg 46.5 14.5 
(W) 

Figure 13 : In the Step-up (or step down) Converter the Majority of Losses Occur in the Transistor, Specially 
when a High Vo~age Rectifier is used. 
In some case replacing a high vo~age rectifier by several faster rectifiers in series (and conse­
quently with a lower voltage rating) can minimize the total losses despite the increase of the rectifier 
conduction losses. 

+ 
l/T = 0.5 

t 
Rectifier current 

Tran:sislor turn-on current 

VR I 
(W)ON = 2 [ di!dt + (I + IRM) tiRM] 
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Figure 13 (continued). 

Vo 48 

Rectifier BYW81-100 

(d,/dt = 120A/).IS) IRM (A) 3.8 
(T1 = 100°) t1RM ().IS) 0.04 

Rectifier Conduction Losses (W) 3.65 

Rectifier Switchmg Losses a 0.04 
40kHz (W) 

Total Rectifier Losses a 3.7 
40kHz (W) 

Transistor Turn-on Losses a 1.32 
40kHz (W) 

The rectifier voltage drop increases with the rating 
voltage. 
Example : BYW81 "high efficiency" 200V rating VF 
= 0.85V (max). 

BYT12-600 GOOV rating VF = 1.8 (max). 

IMPORTANT CONSEQUENCES: 

If the switching frequency is greater than 40kHz in 
many cases it will be more efficient to replace one 
high voltage (GOO- 800- 1 OOOV) rectifier by a series 
of ultrafast rectifiers (200V or 400V). Despite the in­
crease of conduction losses, a dramatic reduction of 
switching losses results in a decrease in the total 
losses. 

2. OPTIMAL OPERATING CONDITIONS 

2.1. In many cases parasitic inductance gives addi­
tional losses. A reduction of those parasitic induct­
ances Ls decreases not only the voltage spikes but 
also the switching losses. 
2.2. Junction temperature plays an important role. 
The switching losses are approximately proportional 
to Tj. Improving the rectifier cooling is very important 
for all high frequency rectifiers. 
2.3. For full wave rectifying circuits, with an isolation 
transformer the switching losses are always lower in 
the case of: 
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300 600 600 

BYT12-400 BYT12-800 4 x BYT81-200 

6 10 5 3.8 
0.06 0.12 

6.5 8 14.6 

0.6 6.7 0.5 

7.1 14.7 15.1 

1 0.7 39.5 

Current source -7 rectifying -7 voltage source 

than: 
Voltage source -7 rectifying -7 current source 

because the impedance due to the transformer 
leakage inductance is integrated in the current 
source, and does not play any part in the additional 
losses. 
2.4. The use of the resonant circuit with sinusoidal 
current waveforms results in a significant reduction 
in the switching losses due to the limited diF/dt or to 
the smaller re-applied voltage VR. 

CONCLUSION 

Reducing the switching losses in high frequency 
converters is team work. 

The manufacturer has improved the fast recovery 
rectifier characteristics. The designer has now some 
tools to analyse, with a greater accuracy, the rectifier 
behaviour and choose the optimal solution in order 
to minimize the losses. 

REFERENCE 
Ill "Switching behaviour of fast diodes in the con­

verter circuits" - p.63 to 78 in the hand book 
SGS-THOMSON Microelectronics 'Transistors 
& Diodes in Power Processing". 
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CONTROL OF A DC MOTOR USING TRANSPACK 
MICROPROCESSOR BASED FULLY INTEGRATED SOLUTION 

INTRODUCTION 

This article covers the design of a controller for a 
DC permanent magnet motor. The design is 
preceded by a mathematical simulation of the con­
troller. The controller design is complete with work­
ing drawings and a programme for the 
microprocessor. A comprehensive collection of di­
agrams and photos shows the operational perfor­
mance of the design under normal and adverse 
working conditions. 

Simulation of Motor Behaviour 
The motor chosen for the design is a constant 
current type with a permanent magnet with a stator 
flux nearly constant and a good power to weight 
ratio compared with classic DC motors. 

Simulation forcast:- Maximum peak current, Ripple 
current at various chopper frequencies, Response 
speed of the system. Function in steady state. 

The parameters are studied for extreme working 
conditions to optimise the choice of inverter compo­
nents. 

The Control Hardware 
The hardware design is implemented with a micro­
processors, D/A converter, switchmode driver and 
two power modules for the high current drive for a 
simple and integrated solution. 

Laboratory implementation of the hardware 

AN381/0990 

The bridge is construted with two T0-240 TRAN­
PACK power modules of half bridge configuration, 
SGS30DB040D which permit fast acceleration of 
the motor and a compact structure. 

The microprocessor allows simplicity and flexibility 
e.g. motor speed is controlled by a six bit word which 
accurately sets the speed between 0.5% and maxi­
mum. 

Study of the System Behaviour 
The system behaviour is studied to analyse the 
maximum stress conditions on the bridge corre­
sponding to possible operating conditions, the algo­
rithm of acceleration, braking, and inversion of the 
speed are demonstrated. The objective is to obtain 
the maximum performance possible with the tran­
sistors chosen for the bridge. 

Balance of the Bridge 
The evaluation of power abosrbed by the various 
parts of the system demonstrates the efficiency of 
the design. Detailed analysis of power absorbed in 
the motor and power dissipated in the bridge 
qualifies this design. 

This study involves particularly heavy operating 
conditions for the power circuitry which verifies 
the excellent performance of the TRANSPACK 
(T0-240)devices above all in terms of switching 
speeds and low losses i.e. efficiency. 
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Motor Specification 
Nominal Current lA= 1.8A 
Nominal Supply Voltage VA= 200-220V 
Peak Torque T= 6Nm 
Maximum Working Speed n= 15000rpm 
Absolute Maximum Speed Q'= 20000 rpm 
Rotor Inertia J= 0.6 10·7 Kg.m2 

Torque Constant KT= 0.17Nm A 1 

Resistance R= 0.96Q 
Inductance L= 6.6mH 
Demagnetisation Current ldm= 105A 
Nominal Power P= 200W 
Back EMF Constant Kv = 0.17V.s 

Drive Specification 
Maximum Motor Current 30A 
Maximum Supply Voltage 400V 
Minimum Speed Variation 1/32 maximum speed for each direction 
Chopper Frequency 21.7KHz 
4 Quadrant Control 

Simulation of Motor Behaviour 
The motor is a (DC) constant current type with a 
permanent magnet hence with a stator flux nearly 
constant and a good power to weight ratio compared 
with classic DC motors. The electrical circuit used 
for simulation is: 

Figure 1 

SU·t041 

For the mathematical model it was decided to ne­
glect the variation of stator flux due to the inductive 
reaction, hence considering the flux generated by 
the permanent magnets to be constant. This simpli­
fication has little effect on the representation of 
motor behaviour but it simplifies the calculations. 

The equations which form the model are the following: 

1) VA = RA lA + LA diA/dt + E 
2) CM = J dntdt + on + Cr 
3) E = Kv ~ n 
4) CM=KHIA 

Where: 

VA = Armature Voltage (Volts) 
lA =Armature Current (Ampere) 
RA = Stator Resistance (n) 
LA = Stator Inductance (H) 
E = Electro Motive Force (Volts) 
CM =Torque (Nm) 
Cr = Friction (Nm) 
J = Inertial Moment (Kg. m2) 

n =Angular Velocity (rad/sec) 
~ = Stator Magnetic Flux (Weber) 
D = Kinetic Friction (Nm) 
Kv =Back EMF Constant (V .s) 
KT =Torque Constant (Nm A1) 

From the balance of energy: 

c.n = E.IA where C equals the motor output (Watts) 

=---.£._ Kc <I> lA from which Kc = Kv 
Kv <I> 

The differential equations were resolved by the 
Runga - Kutta method for solving non linear equa­
tions. 

With the simulation it was proposed to forecast the 
following behaviour: 

Maximum Peak Current 

Ripple current at various chopper frequencies 

Response speed of the system 

Function in steady state 

The phenomena were studied with the intention of 
seeing the maximum values of the observed par­
ameters rather than instantaneous values in order 
to optimise the choice of inverter components. The 
simulation was made supposing a supply voltage of 
200V. 

N.B. - In Appendix A is the programme used for the 
simulation run on VAX. 

Figures 2, 3 & 4 illustrate the simulated motor cur­
rents at chopper frequencies of 5, 10 & 20 kHz with 
the motor blocked and a 50% duty cycle (A= 5). 

It can be seen that ripple current decreases in a 
practically linear relationship to the frequency, pas­
sing from 3A at 5kHz, to 0.9A at 20kHz. 

The average of the current is zero as is the torque. 
The abosrbed power is however dissipated in the 
motor, becoming lower as the chopper frequency 
increases. 

Figures 5 & 6 show the trend of velocity, at 10 & 
20kHz, with a 70% duty cycle (A= 7) and load torque 
zero. Also the ripple on the speed is strongly in-

=2/~1=8--------------------------- ~~~@~~~~~ ------------------------------
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fluenced by the chopper frequency, going form 
4.22% at 1OkHz to 0.84% at 20kHz. Assuring a 
steady state speed of 237 rad/sec the ripple varies 
from 10 rad/sec at 1OkHz to 2 rad/sec at 20kHz. 

Under identical conditions (frequency and duty 
cycle) the motor current analysis shown in figures 7 
& 8 was made. 

Figure 2 
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Figure 3 

Figure 4 
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Figure 5 

Figure 6 
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Figure 7 

Figure 8 
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The ripple current and hence the torque merit ob­
servations similar to those made for the speed. From 
the simulations it was decided to operate with a 
frequency close to 20kHz both in terms of reduced 
losses in the motor as well as the ripple effects on 
speed and torque. 
This choice is made possible by the availability of 
power transistors with very low switching losses.Aiso 
there is the advantage of much reduced interference 
on the supply. 

From the performance reported in figures 5 & 6 the 
estimated acceleration time is around 80ms for a 
steady state speed of 237 rad/sec. 

The data supplied from the simulation has also 
enabled an estimate that with a duty cycle of 70% 
the peak current amounts to around 30A. 

This data has led to the choice of the 
SGS30DB040D for the power bridge. 
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The Controller Hardware 
With the objective of analysing all the stresses on 
the components it was preferable to construct an 
open loop control which thanks to the lack of com­
pensating feedback, permits an immediate study of 
the phenomena. 

In order to operate with the maximum flexibility the 
system was designed to be microprocessor control­
led using a ZSO SYSTEM. 

Figure 10 

pP 

SU·104! 

LOGIC 
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The Controller Schematic 

POW'[ R 
ORIVfR 

The complete schematic of the controller is de­
scribed as follows: 
Fig 11 shows the control portion. A 6 bit word, 
generated by the microcomputer, representing the 
required speed of the motor, is converted into an 
analogue current. This D/Aconversion is carried out 

Figure 11 -Control Section 

+12V 

D ZBO P 10 

The digital to analogue conversion and drive wave­
form generation was realised with the SGS L291 
and L292 for a simple and efficient integrated solu­
tion. 

The bridge was constructed with two T0-240 
TRANSPACK power modules of half bridge configu­
ration, SGS30DB040D, which permit fast accelera­
tion of the motor and a compact structure. 
The block diagram is shown in figure 10. 

by the L291. The analogue signal is then used to 
drive the L292 which generates pulses of variable 
duty cycle. 
This device, normally used to drive low power mo­
tors, offers the advantage of outputs of two com­
plementary signals of variable frequency between 1 
and 30kHz. 

_..12V +1ev R6 -u-
A 

R7 

Rs 
~SL 

R9 

R12 

R14 
Rs 

R1S 
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Also it is possible to impose a delay between the 
end of one signal and the start of the complement, 
essential to avoid the short circuit condition on the 
bridge. The transfer of the signal from the controller 
to the high side of the bridge is via QS and 06. These 
transistors are power devices working in the active 
zone with very low current and must sustain a 
voltage SV greater than the voltage applied to the 
motor (fig. 11 a). 

This solution avoids the use of a transformer and is 
aimed towards the eventual integration of the power 
stage. The drive of the transistors in the bridge was 

Figure 11a 
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Photo 1 - Motor voltage 
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APPLICATION NOTE 

realised with a simple integrated solution of the SGS 
L 149, whose power for the high side is referred to 
the voltage at the motor terminals which follows the 
variations. 
The power for the motor is provided by a full bridge 
circuit permitting operation in all 4 quadrants. 

The two half bridge TRANS PACK, SGS30DB040D, 
are built using Darlingtons without integrated collec­
tor- emitter diodes which permits full use of the fast 
freewheel diodes incorporated in the power module 
and high frequency drive of the motor. The voltage 
waveforms on the motor are illustrated in photo 1. 

+18V R6 I....J 
A 

R7 
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Photo 2a - Ripple of 3A at 5KHz 

I =0. SA/div 
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The principle characteristics of the Darlington are as 
follows: 

Photo 2b • Ripple of 0.9A at 20KHz 

VCEO = 400V 
- lc = 30A 
- HFE = (IC = 30A) 50 
- VCE(sat) = (IC = 30A, IB = 2A) = 1.5V 
- Is (storage time = 1.21J.S 
- tt (fall time)= 0.21J.S 

The main parameters of the diode are: 

- VF = 1.2V (IF= 30A) 
- IRR < 0.2 IJ.S (IF= 30A, dildt = 1 OOA!IJ.S) 
- IRM = 10A 

IFRM = 250A 

Photo 2a & b shows the behaviour of the motor, 
currents at chopper frequencies of 5kHz and 20kHz. 
It is possible to note in photo 2a (5kHz) a ripple of 
3A in agreement with the simulated data, while in 
photo 2b one sees a ripple at 20kHz of around 0.9A. 

Figure 12 ·Assembly of the circuit board 
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COMPONENTS LIST 

Components Quantity Value Note Components 

SGS30DB040D 2 TRANS PACK R16,R17 
L149 4 Driver R18, R19 

L291 1 d/a converter R20, R21 
L292 1 PWM generator R22. R23 
R1 1 4.9KQ R24, R25 
R2 . 1 3.9KQ R26,R27 
R3 1 22KQ C1 
R4 1 8.4KQ C2 
R5 1 5KQ C3 
R6,R7 2 15KQ 01, 02, 03,04 
R8,R9 2 3.8KQ 05,06 
R10, R11 2 1KQ B1, B2 
R12, R13 2 1.5KQ B3,B4 
R14, R15 2 470Q 11 

I =0. 5Aidiv 

Quantity Value 

2 100Q 

2 2.7KQ, 

2 670Q 

2 10KQ 

2 SQ 

2 SQ 

1 100nF 

1 1000)lF 

1 22nF 

4 

2 
2 

2 

Note 

2N4033 

TIP50 
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Study of the System Behaviour 
To analyse the maximum stress condition on the 
bridge corresponding to possible operating condi­
tions, the algorithm of acceleration, braking and 
inversion of the speed were performed. The objec­
tive was to obtain the maximum performance 
possible with the transistors chosen for the bridge. 
The strategy followed was to choose a speed of 
300Drpm analysing the time needed to reach the 
speed. 

Acceleration Tests 
Firstly the motor was accelerated with a duty cycle 
corresponding to the chosen speed (steady acceler­
ation with a drive signal duty cycle of 70%). The 
result of this test is shown in photo 3 & 4. 

Photo 3- Trend of the speed with only voltage 
changing (560 rpm/div) 

Photo 4 - Trend of the current under the same 
conditions as photo 3 (SA/div) 

APPLICATION NOTE 

In photo 4 it is seen that the current reaches a peak 
of 23A in a limited number of pulses and then goes 
to full speed much more slowly, with a current of 
0.6A. Regarding the speed, the period of the transi­
tion may be estimated as around 1.2s. 

Photo 5 - The trend of the velocity with four 
progressive steps of voltage as intervals of 
25ms (560 rpm/div) 

Photo 6 - The trend of the current under the 
conditions of photo 5 (5Aidiv) 

Also a ramp of acceleration was tested imposing .4 
increases in duty cycle of 5% with a 25ms delay 
between each (photo 5 & 6). 

In this way the maximum current during acceleration 
is reduced to 20A without any significant variation of 
the time to reach full speed. 

---------------------------- ~~~@~~~~~~~ __________________________ 1_1~/1~8 
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Photo 7· The trend of the speed with the drive of 
figure 13 (560 rpm/div) 

Figure 13 
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Other tests of acceleration are shown in photos 9, 
10 & 11 

Photo 8 • Trend of the current of the drive of 
figure13 (1 OA/dlv) 

Photo 9 • Trend of velocity with a initial drive to 
produce 3750 rpm followed after 300ms by a 
drive to produce 3000 rpm (560 rpm/div) 

Figure 14 
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Photo 10 ·Trend velocity with an initial drive 
to produce 3750 rpm followed after 180ms 
by a drive to produce 2250rpm and finally 
after 100ms by a drive to produce 3000rpm 
(560 rpm/div) 
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A series of tests were performed attempting to 
obtain a determined speed in the minimum possible 
time, working with duty cycles above and below that 
of steady state with the appropriate delays. 

The best result was obtained driving with the se­
quence of duty cycles illustrated in fig. 13 as shown 
in photo 7. 

Figure 15 
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Photo 11 - Trend velocity with a initial drive to 
produce 3750 rpm followed after 160ms by a 
drive to produce 2250 rpm and finally after 50ms 
by a drive to produce 3000 rpm. 
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APPLICATION NOTE 

One notes that the duration of the transient may be 
estimated to be around 500ms, notably below the 
1.2s in the case shown in photo 3, corres~onding to 
an average acceleration of 628 rad/sec and with 
an instantaneous acceleration of 7500 rad/sec2, 

corresponding to a maximum current of 26A shown 
in photo 8. 

Speed Reversal 
Having reached the maximum, the objective was to 
achieve the maximum steady acceleration and to 
estimate the time needed to achieve an inversion of 
the speed passing from +3000rpm to -3000rpm 
having supposed that this is the most critical stress 
on the bridge. 

There was first analysed the phenomena of braking 
and it was seen that braking too quickly may cause 
a change of function, making the motor a generator 
and creating excess emitter base voltage up to a 
situation intolerable for correct operation of the 
bridge components. 

This phenomena was taken into account to achieve 
the most rapid braking possible without overstress­
ing the bridge components. 

We succeeded in this way to obtain a time, from +3k 
to + 3krpm, of about 500ms, as shown in photo no. 
12 where the achievment of a steady state is not 
considered but only the transition from one speed 
to another. 

The behaviour of the relevant currents are shown 
in photo 13 where points shown by the arrows are 
relative to the transformation of the motor into a 
generator 

Photo 12- Trend of velocity {1090 rads/sec/div) 
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Figure 14 

POWER PAL 
SUPPLY 

PAL AUS ,I AUXILIARY 
SUPPLY DRIVE 

SU-1055 

Photo 13- Current absorbed by the motor with 
the described speed invertion (10A/div) 

Both the tests of acceleration and speed reversal 
were made with repetitive cycles, with appropriate 
programmes, for periods of several hours without 
creating problems for the SGS30DB040D. 

Balance of the Bridge 
The evaluation of the power abosrbed by the vari­
ous parts of the system is analysed in the following 
paragraph. The estimates obtained give an indica­
tion of the efficiency of the control system in that it 
gives a ratio of the power absorbed to that of the 
motor. 

The power was measured using the following sys­
tem (fig. 14). 

BRIDGE ~ 

The chosen conditions were: 

- Duty cycle of 76% 

- Average motor current 1.25A 

LOAD 

The load was simulated by a generator connected 
to the motor and a rheostat of 200Q. 

Photo 14 

In this situation the power taken from the supply 
was: 

- PAL= 200V x 0.83A = 166W 

The power absorbed by the drive circuit was: 

- PAL Auxiliary= 7.86W 

14/18 
~~~~@~~~&~~~ -----------------------------
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The power absorbed by the motor was: 

- PM =VavX lA= 123.2Vx 1.25A= 154W 

Hence the power absorbed the bridge was: 

- PBRIDGE = 12W 

Thus one has a dissipation of power in the bridge of 
7.2% 

Power Absorbed by the Motor 
Photo 14 shows the waveforms of current and volt­
age on one arm of the bridge. The power in the 
motor was computed as the difference of the power 
absorbed during the conducting phases of the 
bridge less that returned during the conduction of 
the free wheel diodes. 

Photo 15 represents the power absorbed. The en­
ergy corresponds to the area under the curve in a 
period. Given that: 

E = 9.47mJ, F = 21700Hz 

PABS • MOT= Ex F 9.47103 • 21.7103 = 205.6W 

The power returned from the motor is shown in 
photo 16. 

- E = 2.38mJ 

- F = 21700Hz 

- PGEN.MOT. = 51.6W 

Thus the total power absorbed by the motor is: 

PTOT.MOT = PABS.MOT- PGEN.MOT = 
= 205.6 - 51.6 = 154W 

Photo 15 

Power Dissipated in the Bridge 
The power dissipated in the bridge was analysed in 
a more detailed manner by measuring the power 
dissipated in one transistor (high side) both in the 
turn-on and turn-off phases and estimating the dissi­
pation during the on period. 

Photo 16 
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The waveforms of voltage and current during an 
entire period can be seen in photo 17. 

The power dissipated during the turn-on phase and 
the respective voltage and current waveforms are 
shown in photos 18 & 19. 

From the photo of the power it is possible also to 
measure the energy dissipated. This corresponds to 
an average power of: 

PON =Ex F = 189.6!-lJ x 21700Hz = 4.1W 

The power dissipated during the turn-off phases and the 
respective waveforms are shown in photo 20 & 21. 

The energy dissipated in this case is 188!-lJ thus: 

POFF =Ex F = 118.5 x 21700 = 2.47W 

The dissipation of the conduction phase is not con­
veniently measured by the method used so it was 
preferred to make an estimate. 

At the average current of 1.25A from the charac­
teristic curves a VCE(sat) of 0.8V is found. 

PCOND. = 1.25Ax 0.8V X 0.76 = 0.76W 

Taking into consideration that the conduction phase 
is 76% of the full period: 

The power dissipated in a transistor of the bridge is 
thus: 

PTOT = PoN + POFF + PCOND = (4.1 + 2.57 + 0.76) 
W = 7.43W 

Photo 19 

128 

CONCLUSION 
During this work a study was made, both in theory 
and application, of the control of a DC motor. For 
this study, advantage was taken of the flexibility 
offered by using a microprocessor to make many 
tests. This allowed a comprehensive analysis of the 
behaviour of the SGS30DB040D TRANSPACK. 

This involved the recreation of particularly heavy 
operating conditions for the power circuitry, which 
verified the excellent performance of the TRANS­
PACK devices, above all in terms of switching speed 
and low losses. Also studies were made of a number 
of drive circuits for the power transistors, useful for 
future projects. 

Photo 20 

Photo 21 
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APPENDIX A 
# TY Motor For 

DIMENSION Y (20),YF (20) 
EXTERNALFUNC 
REALKC,KV 
OPEN (UNIT =7,FILE ='MIKE,DAT',8TATUS='NEW') 
OPEN (UNIT =8,FILE ='MIKE1 ,OAT' ,STATUS='NEW') 
OPEN (UNIT =9,FILE ='MIKE2, DAT',STATUS='NEW') 
OPEN (UNIT =1 O,FILE ='MIKE3, DAT',STATUS='NEW') 
OPEN (UNIT =11 ,FILE ='MIKE4,DAT',STATUS ='NEW') 
WRITE (*,30) 

30 FORMAT (1X,'INTRODUCI H,NS,NT,CR,T,A') 
READ (*,*) H, NS,NT,CR,T,A 
TI=A*T/10 
T2=T-T1 
L=H*N8*NT/T 
WRITE(*,*) 'VUOI I GRAFICI? (81=1 )' 
REA(*,*)AAA 
WRITE(*,*) 'LA MACCHINA E' QUELLA SOLITA? (81=1)' 
READ(*,*) Z 
IF (Z,NE,1) GO TO 40 
X=D. 
N=2 
y (1)=0. 
Y(2)=0. 
RA=0.96 
XLA=0.006 
FL=1. 
RJ=.00056 
Kc=.17 
Kv=.17 
GO T0 50 

40 WRITE (*, 17) 
17 FORMAT (1X, 'INTRODUCTI X,N,Y (I),RA,XLA,FL,RJ,Kc,Kv') 

READ (*,*) X,N,(Y(I),I=1 ,N),RA,XLA,FL,RJ,Kc,Kv 
50 CONTINUE 

DO 2 J=1,NT 
DO 1 K=1,NS 
CALL RKUTTA (N,X,Y,FUNC,H,XF,YF,CR,RA,XLA,FL,CM,E,RJ 

# Kc,Kv,L,T,T1 ,T2) 
X=XF 
DO 1 1=1,N 
Y(I)=YF(I) 
CONTINUE 
CM=Kc*FL*Y (1) 
E=KV*FL*Y (2) 
IF (AAA.EQ.1) GO TO 333 
WRITE (*,20) 

20 FORMAT (1X, 'TEMPO', 7X,'IA',10X,'VEL',9X,'CM',10X,'E') 
WRITE (*,15) X,(Y(I),I=1,N),CM,E 

15 FORMAT (5 E12.5) 
GOT02 

333 WRITE (7,*) X,Y (2) 
WRITE (8,*) X,Y (1) 
WRITE (9,*) X,CM 
WRITE (1 0,*) X,E 
WRITE (11 ,*) Y (2).CM 

2 CONTINUE 

------------------------ ~~i~©~2m:a~ ----------------------1 -~-18 
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APPENDIX A (continued) 

20 

18 
11 

12 

21 

CLOSE (UNIT~?) 
CLOSE (UNIT ~8) 
CLOSE (UNIT ~9) 
CLOSE (UNIT~10) 
CLOSE (UNIT~11) 
STOP 
END 

SUBROUTINE RKUTIA (N,X,Y,FUNCH,H,XF,YF,CR,RA,XLA,FL,CM,E,RJ, 
Kc,Kv,L,T,T1 ,T2) 
DIMENSION Y (20),YI(20),YF(20),D(20),A(5) 
REALKC,KV 
A (1) ~ H/2 
A (2) ~A (1) 
A(3) ~H 
A(4) ~H 
A (5) ~A (2) 
XF~X 
DO 10 K~1,N 
YF (K) ~ Y (K) 
Yl (K) ~Y (K) 
DO 20 J~1 ,4 
CALL FUNC (XF,YI,N,D,CR,RA,XLA,FL,CM,E,RJ,Kc,Kv,L,T,T1 ,T2) 
XF~X+A (J) 
DO 20 K~1,N 
YI(K)~Y(K)+A(J)*D(K) 
YF(K)~YF(K)+A(J+ 1 )*D(K)/3 
RETURN 
END 

SUBROUTINE FUNC (X,Y,N,D,CR,RA,XLA,FL,CM,E,RJ,Kc,Kv,L,T,T1 ,T2 
DIMENSION Y (20), D (20) 
REALKC,KV 
DO 16 M~O,(L-1) 
IF (X-M*T).LE.T1) GO TO 11 
IF ((X-M*T).LE.(T1+T2)) GOTO 12 
CONTINUE 
VA~400. 
GOT021 
VA~- 400. 
GO TO 21 
CONTINUE 
D (1) ~ (VA-E-RA*Y(1))/XLA 
D (2) ~ (CM-CR)/RJ 
RETURN 
END 

_18_11_8 __________ i..V ~~mW~~J?~ ___________ _ 
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TRANSISTORIZED POWER SWITCHES WITH 
IMPROVED EFFICENCY 

ABSTRACT. 
An important objective for power electronic 
design is the reduction of power losses. This 
paper analyses the output characteristics of 
bipolar and MOS power stages and indicates 
limits for further on state loss reduction. A fast 
high voltage driver/switch combination with very 
low on state and switching losses is described. 
The switch is designed with cellular bipolar junc­
tion transistors driven by a smart power switch 
mode regulator. The driver handles duty cycles 
from 0 ... 1 00 %and requires only one unregulated 
auxiliary supply. The static and dynamic be­
haviour of the switch and its new driver stage are 
shown and discussed. The switch exhibits low 
losses and is able to operate at inaudible switch­
ing frequencies on the rectified mains. 
Keywords. Mains supplied operation, on state 
loss reduction, simplified base drive, smart 
power, high switching frequencies, Darlington, 
POWER MOSFET, cellular bipolar transistor. 

INTRODUCTION 
Loss reduction is a major objective in all power 
electronic equipment. The switching losses of all 
kinds of switching power semiconductors have 
been significantly reduced by means of structures 
with increased interdigitation, cellular structures 
and improved carrier lifetime control. Today per­
formances are often close to those that physical 
laws allow. The switching losses have been 
reduced to such an extent, that lowering on state 
losses has become the key for further loss reduc­
tion. Further loss reduction can only be achieved 
through the reduction of on state losses which is 
the major topic discussed in this paper. 

HOW TO REDUCE LOSSES? 
Lowering on-state losses is of particular impor­
tance in inverter circuits operating with switching 
frequencies below 20kHz and in resonant con­
verters where switching losses are already negli­
gible. 
For evaluation of on state losses, power semicon­
ductor devices can be classified as: 

AN813/0990 

• SGS·THOMSON, Central Application Laboratory, Roussel, France 

By M. Bildgen *, K. Risch muller * 

a) devices with dominating resistive output 
behaviour 
b) devices with dominating p-n junction be­
haviour of output characteristics (Fig.1 ). 

The Power MOSFET (MOS), the Bipolar Modu­
lated FET (BMFET)5 and the Bipolar Junction 
Transistor (BJT) exhibit a resistive output be­
haviour (Fig.1 a). Their on state voltage drop can 
be reduced through increasing die size, a ques­
tion of technology and cost. 

The Bipolar Darlington (DLT), the MOS Gated 
Bipolar Transistor (MOSBIP), the Insulated Gate 
Bipolar Transistor (IGBT) and Thyristors (GTO, 
FCTh ... ) exhibit a dominating p-n junction output 
behaviour (Fig 1 b). The on state voltage drop of 
these devices is the sum of the threshold voltage 
of the p-n junction and the voltage drop across a 
resistance. The threshold voltage is determined 
by physical laws, only the resistive part of the on 
state voltage depends on the die size. The in­
fluence of die size on on-state losses is relatively 
limited and is not a feature that can be used to 
give significant loss reduction. 

MOSFET AND BIPOLAR TRANSISTOR 
The MOSFET, the BMFET and the BJT can have 
an on state voltage drop of less than 600mV and 
fast switching: A high power MOSFET e.g. a 
TSD4M450 (Ras(on) = 0.1 Q, Vos =500V, lo MAX 
= 45A) handles a current of 5 Amps with an on 
state voltage drop of only 500mV. The die area of 
such a device is about 170 mm2. The MOSFET 
requires only short gate current pulses for its 
drive. 

A very fast cellular BJT e. g. a BUF41 0 
(450V/1000V, 15A) switches 5 Amps with about 
500mV on state voltage drop. The die area of this 
device is about 36mm2 and has therefore a very 
low silicon cost. The BJT requires base current: 

- in excess of a fifth of the collector current 
- and negative bias for fast turn off switching, 

immunity against reverse current and dvldt. 
Nevertheless, the power gain is very high, e.g. 
when switching 400V x 5A = 2kW, a drive power 

1/6 
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Fig.1 : Symbols, equivalent circuits and output characteristics of power semiconductor devices; 
a) devices with resistive output behaviOur; b) devices with p-n junction behaviour 
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TABLE 1: On-state and driver losses of different device/driver configurations 

Device + Driver On-losses Vee+ lc 

BJT + (1) 0.5V X 20A = 10W 

DLT + (1) 1.5V X 20A = 30W 

BJT + (2) 0.5V X 20A = 10W 

DLT + (2) 1.4V X 20A = 28W 

of only 1A x 1V =1 W (base current multiplied by 
base emitter voltage) is needed. 

The gap in die size between the POWER MOS­
FET and the cellular BJT, increasing with voltage 
and current, is so important, that it is worth think­
ing about low loss base drive for bipolar transis­
tors.1· 2• 3 

TRANSISTORS AND DARLINGTONS 
The Darlington is the most popular switch in 
mains supplied, medium power applications. The 
major reason for this choice is its moderate base 
current consumption. 

A typical fast switching 20A,450V Darlington re-

Driver Consuptios Vs + Is Total Conductive Losses 

4A X 12V = 48W 58W 

0.6A X 12V = 7W 37W 

10W 20W 

4W 32W 

quires a 0.6A base current. With a conventional 
driver circuit operating from an SV to 12V auxilary 
supply, the worst case driver consumption would 
be 12V x 0.6A = 7W (Table 1). 

The collector-emitter on state losses of the Dar­
lington can be typically calculated to be about 
30W. The total conduction losses amount to 
about 37W. 

The bipolar junction transistor exhibits collector 
emitter on state losses of only 1 OW but requires a 
positive base current of 4A. 

The total driver loss in the transistors is 4A x 1 V = 
4W (base current multiplied by base emitter volt­
age). With a conventional driver circuit operating 

2/6 ------------- .. .,, ~~~;~~r::L'!~~ --------------
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Fig. 2: Example of a switch-mode driver circuit for fast switching applications 
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from an av to 12V auxilary supply, the worst case 
driver consumption would be 48W - total conduc­
tion loss would be 58W. The poor efficiency of 
conventional driver stages is the reason that the 
transistor power switch exhibits higher conduction 
losses than the Darlington. Using driver stages 
with high efficiency allows BJT power stages to 
be used instead of Darlingtons which results in 
significant loss reduction. 

DESCRIPTION OF THE SWITCH MODE BASE 
DRIVER 
An L4974 smart power IC with a MOSFET output 
stage operates as a buck regulator in current 
mode. The IC is contained in a OIL package but 
is able to supply a 4 Amp base current. (Fig.2). 
The efficiency is so high that thermal conduction 
to the PCB provides sufficient cooling. During the 
off state of the power transistor, TP, a MOSFET 
T1 applies a short circuit to the output of the buck 
regulator. The IC operates with low duty cycle 
and maintains constant current in the choke L. 
For turn on of the power transistor TP, the MOS­
FET, T1, is turned off and the constant choke cur­
rent flows into the power transistor's base. The 
rate of rise of base current is limited only by the 
MOSFET turn off speed. In order to obtain very 
fast switching, a high density MOSFET 

Fig. 4: Test circuits for switching losses 

+ Vaux 

DRIVER 
STAGE 

BUF405 

(STVHD90) which has a very reduced input and 
output capacitance, has been used. 

If the power transistor base current is 4 Amps 
and the auxilary supply voltage 20V, the driver 
input current will be about 0.47 Amps. Increasing 
the auxilary supply voltage further reduces the 
input current. 

NEGATIVE BIAS FOR FAST TURN OFF 
SWITCHING 
The first version of the circuit generates negative 
bias with a Zener diode between auxilary supply 
and driver stage (Fig.2). The current return path 
to the auxiliary supply is through this diode. Los­
ses in the Zener diode are small, due to the fact 
that input current of the driver circuit is small. For 
turn off, T1 and T2 are turned on, T2 applies the 
negative bias to the power transistor base, thus 
obtaining fast switching and immunity against 
reverse current and dv/dt.4 

The second version of the circuit generates its 
negative bias directly from a positive auxilary 
supply: 

a capacitor C1 (Fig.3) is permanently charged 
via a resistor R1 and a diode 01. At turn off 
switching, T2 is turned on for a time t1, slight­
ly longer than the power transistor's storage 

SC-1321 
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APPLICATION NOTE 

Fig. 5: Turn-on and off switching waveforms with transistors and Darlingtons 
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APPLICATION NOTE 

TABLE2: Switching energy losses of transistor and Darlington with BUF420 and BVT30-600 

DEVICE UNDER TEST TURN-ON ENERGY 
(OUT) 

CELL.- BJT 1 mJ 

CELL.- DLT 0.9 mJ 

time, ts. T2 connects the positive electrode of 
C1 to ground, thus a negative voltage ap­
pears at the base of TP. T2 turns off after the 
turn off switching of TP and C1 continues 
charging. The state of charge of C1 is inde­
pendant of duty cycle - sufficient negative 
bias is available with any duty cycle. 

TEST RESULTS 
Fast transistors and Darlingtons made using cel­
lular technology (e.g.BUF420) have been tested 
in a buck converter with 280V supply voltage and 
20A output current (Fig.4) Both types of switches 
have been driven from the same switch mode 
driver circuit. The turn on and turn off waveforms 
are shown in Fig. 5a and 5b. The devices were 
operated at Tj =85°C. 
As expected, the turn on speed dicldt of the Dar­
lington is twice as fast as that of the transistor 
switch. The reverse recovery current of the free 
wheel diode increases with di/dt. This makes the 
difference in turn-on loss between the fast switch­
ing transistor stage and the faster switching Dar­
lington stage insignificant (Table 2). The storage 
time of a transistor stage is less than that of a 
Darlington stage. The test results confirm this well 
known fact. 
With a given driver stage, the negative base cur­
rent of a Darlington is reduced, due to the voltage 
drop of the speed up diodes. (Fig. 4) This ex­
plains the observed increased turn off losses with 
the Darlington. 

CONDUCTION LOSSES 
The conduction losses, including driver losses 
have been calculated and confirmed by measure­
ment. With a duty cycle of 1 00% the total conduc­
tion losses of a 20A Darlington with conventional 
driver are 0.6A x 12V + 1.5V x 20A = 37W. The 

TURN-OFF ENERGY TOTAL SWITCHING 
ENERGY 

0.5 mJ 1.5 mJ 

0.8 mJ 1.7 mJ 

same Darlington driven from the switch mode 
driver exhibits conduction losses of 32W. The 
conduction losses of the transistor with switch 
mode driver are 0.5A x 20V + 0,5V x 20A =20W. 
This is about 60% of the switch mode driven Dar­
lington. 

CONCLUSION 
Low loss driver circuits suffered from duty cycle 
limitations, or from excessive circuit complexity. 
New smart power devices reduce this complexity 
to an acceptable level, allowing the introduction 
of switch mode driver techniques in to transis­
torized power electronic equipment. The new 
configuration can be used to simplify and improve 
existing converter/inverter circuits (fewer auxiliary 
supplies, smaller heatsinks, higher efficiency). 

The use of switch mode driver stages is not 
limited to BJTs, but offers improved efficiency in 
circuits with Darlingtons, BMFETs and GTOs. 

REFERENCES 
1) R.B.Prest, J.D.Van Wyk: Base drive for high­
current low loss bipolar power transistors, 
PESC'86 Record. 

2) C.K.Patni : An efficient "Switch mode" base 
drive for bipolar transistors, Internal note, SGS­
THOMSON Microelectronics. 

3) L.Perier,J.M.Charreton :25kHz Leistungsschal­
ter mit 1 OOOV Sperrspannung in dreiTechnolo­
gien,Eiektronik lnformationen H.9, 1988 

4) K.Rischmller: How to improve transistorized 
bridge converters, Proceedings of PCI'81 

5) S.Musumeci, J.Eadie, P.Wilson, A.Galluzzo: 
Bipolar mode JFET the BMFET, Technical Note 
179, SGS-THOMSON Microelectronics. 
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BUF298F 
BUF298V 

NPN TRANSISTOR POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS 
• WELDING EQUIPMENT BUF298V BUF298F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

SC04830 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VeE = -5 V) 850 v 
VcEO(sus) Collector-Emitter Voltage (Is = 0) 450 v 

VEso Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 50 A 

lcM Collector Peak Current (tp = 1 0 ms) 90 A 

Is Base Current 10 A 

IsM Base Peak Current (tp = 10 ms) 16 A 

Ptot Total Dissipation at Tc = 25 °C 250 w 
Tstg Storage Temperature -55 to 150 oc 

Tt Max. Operating Junctton Temperature 150 oc 

Vtso Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/5 
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BUF298F/V 

THERMAL DATA 

RthJ·Case Thermal Resistance Junction-case Max 0.5 °C/W 
Rthc·h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leeR Collector Cut-off Vee= Vcev 0.4 rnA 
Current (Ree = 5 n) Vee= Vcev T1 = 100 °C 4 rnA 

lcev Collector Cut-off Vee= Vcev 0.4 rnA 
Current (Vee = -1.5V) Vee= Vcev T1 = 100 °C 4 rnA 

Ieee Emitter Cut-off Current Vee= 5 V 2 rnA 
(lc = 0) 

Vceo(sus)• Collector-Emitter lc = 0.2 A L = 25 mH 450 v 
Sustaining Voltage V clamp = 450 V 

hFe* DC Current Gain lc = 32 A Vee= 5 V 17 

Vce(sat)* Collector-Emitter lc = 32 A Is= 6.4 A 0.35 1.2 v 
Saturation Voltage lc = 32 A le = 6.4 A T1 = 100 °C 0.4 2 v 

Vee(sat)* Base-Emitter lc = 32 A Is= 6.4 A 1 1.5 v 
Saturation Voltage lc = 32 A le = 6.4 A T1 = 100 °C 0.4 1.5 v 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 !p = 3j.IS 160 A/j.IS 
On-state Collector let= 9.6 A T1 = 100 °C 

Vce(3 J.lS) Collector-Emitter Vee= 300 V Rc = 15 n 4 7 v 
Dynamic Voltage let= 3 A T1 = 100 °C 

Vce(5 J.lS) Collector-Emitter Vee= 300 V Rc = 15 n 1.6 3 v 
Dynamic Voltage let= 3 A T1 = 100 °C 

Is Storage Time lc = 32 A Vee= 300 V 3.2 4.5 j.IS 
If Fall Time Vee= -5 V Res= 0.39 n 0.25 0.4 J.lS 
lc Cross-over Time V clamp = 450 V let = 6.4 A 0.5 0.7 J.lS 

L = 78 J.lH TI=100°C 

Vcew Maximum Collector lcwoff = 48 A let= 6.4 A 450 v 
Emitter Voltage Vee= -5 V Vee= 50 V 
Without Snubber L =52 J.LH Res= 0.39 n 

T1 = 125 °C 

• Pulsed: Pulse duration = 300 flS, duty cycle 1.5 % 
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Safe Operating Areas 
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BUF298FN 

Reverse Biased SOA 
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DC Current Gain 
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BUF298AF 
BUF298AV 

NPN TRANSISTOR POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS& UPS 
• WELDING EQUIPMENT BUF298AV BUF298AF 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

SC04830 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VsE = -5 V) 1000 v 
VcEO(sus) Collector-Emitter Voltage (Is= 0) 450 v 

VESO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 50 A 

lcM Collector Peak Current (tp = 10 ms) 90 A 

Is Base Current 10 A 

IsM Base Peak Current (tp = 10 ms) 16 A 

Ptot Total Dissipation at Tc = 25 °C 250 w 
Tstg Storage Temperature -55 to 150 oc 

TJ Max. Operating Junction Temperature 150 oc 
VJSO Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/5 
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BUF298AF/AV 

THERMAL DATA 

RthJ-case Thermal Resistance Junction-case Max 0.5 °C/W 
Rthc·h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leER Collector Cut-off VeE= VcEv 0.4 mA 
Current (RsE = 5 Q) VeE= VcEv T1 = 100 °C 4 mA 

lcEV Collector Cut-off VeE= VcEv 0.4 mA 
Current (VeE= -1.5V) VeE= VcEv T1 = 100 °C 4 mA 

lEBO Emitter Cut-off Current VEB = 5 v 2 mA 
(lc = 0) 

VcEo(sus)· Collector-Emitter lc = 0.2 A L = 25 mH 450 v 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 32 A VeE= 5 V 17 

VcE(sat)* Collector-Emitter lc = 32 A Is= 6.4 A 0.35 1.2 v 
Saturation Voltage lc = 32 A Is= 6.4 A T1 = 100 °C 0.4 2 v 

VsE(sat)* Base-Emitter lc = 32 A ls=6.4A 1 1.5 v 
Saturation Voltage lc = 32 A ls=6.4A T1 = 100 °C 0.4 1.5 v 

dic/dt Rate of Rise of Vcc=300V Rc = 0 lp = 3 ~s 160 A/~s 
On-state Collector ls1 = 9.6 A T1 =100°C 

VcE(3 ~s) Collector-Emitter Vee= 300 V Rc = 15 n 4 7 v 
Dynamic Voltage ls1 = 3 A T1 = 100 °C 

VcE(5 !lS) Collector-Emitter Vee= 300 V Rc = 15 Q 1 .6 3 v 
Dynamic Voltage ls1 = 3 A T1 = 100 °C 

Is Storage Time lc = 32 A Vee= 300 V 3.2 4.5 ~s 
tr Fall Time Vas= -5 V Rss = 0.39 Q 0.25 0.4 !lS 
lc Cross-over Time VcJamp = 450 v ls1 = 6.4 A 0.5 0.7 !lS 

L = 78 11H T1 = 100 °C 

VcEw Maximum Collector lcwoff = 48 A ls1=6AA 450 v 
Emitter Voltage Vas= -5 V Vee= 50 V 
Without Snubber L =52 ~H Rss = 0.39 Q 

T1 = 125 °C 

* Pulsed: Pulse duration = 300 ~ts. duty cycle 1.5 % 
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Safe Operating Areas 

GC32020 

) 
10 MAX PULSE OPERATION ' till 2 PULSED ~I s 

~ 

10 1 

2 10 MAX ,, 
so~ f.;; CONT "' 8 

' 4 

2 " I 

• For single non \. 
8 

' repeiitive pulse 
4 

2 

iffiDC OPERATI ON I' I 1ms 
8 10 

' 4 r-r-- T c 25 'C 2 
Ill Ill 

Derating Curve 

GC14LOO 

I I I 
I I I 

I I 
I I 

I I 
I I 

~~ I 
100 

l'-..1 ~I I 
Lr-- Ptot 

1' I' I ls;s f--1---
t-.... 

i' 
50 

" i' 
I I I )'.. 

0 50 100 

Collector-Emitter Saturation Voltage 

GC32060 

VeE( so 
(v) 

f) 

TJ 125'C.I 
17 

10 a I/ TJ...=25 'c 

TJ 40'C 
~ 

/ t;;o"' , 
/ 

10"' I 

hF'E s== I::= 
I 

l(f 2 I 
0 10 ZO 30 40 50 50 70 80 10 (A) 

BUF298AF/AV 

Thermal Impedance 

GCI4391 
K 

Fo 0.5 

1-o 0.2 
I 

' 
Zth k RthJ c 

llill!C v 6= ip/T 

I=" 0.1 __IUL 
..i'I'TIIII ~ 0 = 0 

II IIIII II I II 111111111 I IIIII 
- 10 1 10 2 t, (s) 

10-2 
1 0 2 10 1 10° 

Collector-Emitter Voltage Versus 
Base-Emitter Resistance 

VcE(V ) 

1000 

900 

800 

700 

500 

500 

400 

300 

200100 

II 
II 
II 
II 

" 

I 
II 
II 
II 
II 

Ill 
10 t 

I 
I 
I 
I 
I 

II 
II 
I 

I 
I 
''I 

:i, 
I 

I I 
I 
I 

Base-Emitter Saturation Voltage 

VBE(so 
(V) 

I) 

' I 
I I 

10 
TJ- 40'C / 

a 

TJ 25'C 

.v 
t VTJ =12S'C 

: : 
hF'E 

10-2 

GCI4290 

I 
I 
I 
I 
I 

II 

I 
I 

GC32050 

5~ ~ 
I 

0 1 0 ZO 30 40 50 60 70 80 10 (A) 

3/5 -------------- I5fi ~~~~m~v'::~~~l: --------------
147 



BUF298AF/AV 

Reverse Biased SOA 
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DC Current Gain 
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BUF460F 
BUF460V 

NPN TRANSISTOR POWER MODULE 

• EASY TO DRIVE TECHNOLOGY (ETD) 
• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS&UPS BUF460V BUF460F 
• WELDING EQUIPMENT 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

SC04840 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vcev Collector-Emitter Voltage (Vee = -5 V) 850 v 
Vceo(sus) Collector-Emitter Voltage (Is = 0) 450 v 

Veso Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 80 A 

I eM Collector Peak Current (tp = 10 ms) 160 A 

Is Base Current 18 A 

IsM Base Peak Current (tp = 10 ms) 27 A 

Ptot Total Dissipation at Tc = 25 °C 270 w 
Tstg Storage Temperature -55 to 150 oc 

TJ Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/5 
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BUF460F/V 

THERMAL DATA 

Rthj-C8S9 Thermal Resistance Junction-case Max 0.41 °C/W 
Rthc·h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leER Collector Cut-off Vee= Vcev 0.2 mA 
Current (Rse = 5 Q) Vee= VcEV T1 = 100 °C 2 rnA 

lcev Collector Cut-off Vee= Vcev 0.2 rnA 
Current (Vse = -1.5V) Vee= VcEV T1 = 100 °C 2 rnA 

lEBO Emitter Cut-off Current Vee= 5 V 1 rnA 
(lc = 0) 

VcEo(sus)* Collector-Emitter lc = 0.2 A L = 25 mH 450 v 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 60 A VeE= 5 V 15 

VcE{sat)* Collector-Emitter lc = 30 A Is= 3 A 0.35 v 
Saturation Voltage lc = 30 A Is= 3 A T1 = 100 °C 2 v 

lc = 60 A Is= 12 A 0.5 v 
lc = 60 A Is= 12 A Tj = 100 °C 2 v 

VeE(sat)* Base-Emitter lc = 60 A Is= 12 A 1.1 v 
Saturation Voltage lc = 60 A Is= 12 A T1 = 100 °C 1.5 v 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 tp = 3 !lS 150 A/11s 
On-state Collector let = 18 A T1 = 100 °C 

Vce(3 !!S) Collector-Emitter Vee= 300 V Rc = 30 Q 4 6 v 
Dynamic Voltage let = 18 A T1 = 100 °C 

Vce(5!1s) Collector-Emitter Vee= 300 V Rc = 30 Q 2 3 v 
Dynamic Voltage 1st = 18 A T1 = 100 °C 

Is Storage Time lc = 30 A Vee= 50 V 4.5 5 !!S 
It Fall Time Vss = -5 V Res= 0.2 Q 0.1 0.2 !!S 
tc Cross-over Time V clamp = 400 V 1st= 3 A 0.3 5 !!S 

L = 25!1H T1 = 100 °C 

Vcew Maximum Collector Iewan = 80 A 1st = 16 A 400 v 
Emitter Voltage Vss = -5 V Vee= 50 V 
Without Snubber L = 80 11H Res= 0.2 Q 

T1 = 125 °C 

• Pulsed: Pulse duration = 300 liS, duty cycle 1.5% 
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Safe Operating Areas 
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BUF460F/V 

Reverse Biased SOA 
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DC Current Gain 
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BUF460AF 
BUF460AV 

NPN TRANSISTOR POWER MODULE 

• EASY TO DRIVE TECHNOLOGY (ETD) 
• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS BUF460AV BUF460AF 
• WELDING EQUIPMENT 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

SC04840 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VsE = -5 V) 1000 v 
VcEO(sus) Collector-Emitter Voltage (Is= 0) 450 v 

VEso Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 80 A 

I eM Collector Peak Current (tp = 1 0 ms) 160 A 

Is Base Current 18 A 

IsM Base Peak Current (tp = 10 ms) 27 A 

Ptot Total Dissipation at Tc = 25 °C 270 w 
Tstg Storage Temperature -55 to 150 oc 

T, Max. Operating Junction Temperature 150 oc 

V1s0 Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/5 
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BUF460AF/AV 

THERMAL DATA 

Rthj-COS9 Thermal Resistance Junction-case Max 0.41 °C/W 
Rthc-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leER Collector Cut-off Vee= Vcev 0.2 mA 
Current (Rae = 5 !l) Vee= Vcev T1 = 100 °C 2 mA 

lcev Collector Cut-off Vee= Vcev 0.2 mA 
Current (Vee = -1.5V) Vee= VcEV T1 = 100 °C 2 mA 

lEBO Emitter Cut-off Current VEe= 5 V 1 mA 
(lc = 0) 

Vceo(SUS) . Collector-Emitter lc = 0.2 A L = 25 mH 450 v 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 60 A Vee= 5 V 15 

VcE(sat)* Collector-Emitter lc = 30 A Is= 3 A 0.35 v 
Saturation Voltage lc = 30 A Is= 3 A T1 = 100 °C 2 v 

lc = 60 A Is= 12 A 0.5 v 
lc = 60 A Is= 12 A T1 = 100 °C 2 v 

VsE(sat)* Base-Emitter lc = 60 A Is= 12 A 1.1 v 
Saturation Voltage lc = 60 A Is= 12 A T1 = 100 °C 1.5 v 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 lp = 3 j.LS 150 A/j.LS 
On-state Collector let= 18 A T1 = 100 °C 

Vce(3 j.LS) Collector-Emitter Vee= 300 V Rc = 30 n 4 6 v 
Dynamic Voltage la1 = 18 A T1 = 100 °C 

VcE(5 j.LS) Collector-Emitter Vee= 300 V Rc = 30 n 2 3 v 
Dynamic Voltage le1 = 18 A T1 = 100 °C 

Is Storage Time lc = 30 A Vee= 50 V 4.5 5 j.LS 
It Fall Time Vee= -5 V Rea= 0.2 n 0.1 0.2 j.LS 
lc Cross-over Time V clamp = 400 V le1 = 3 A 0.3 5 j.LS 

L = 251!H Ti = 100 °C 

VcEw Maximum Collector lcwoff = 80 A le1 = 16 A 400 v 
Emitter Voltage Vee= -5 V Vee= 50 V 
Without Snubber L = 80 j.tH Rae= 0.2 n 

Ti = 125 °C 

• Pulsed: Pulse duration = 300 j.LS, duty cycle 1.5 % 
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Safe Operating Areas 
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BUF460AF/AV 

Reverse Biased SOA 
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DC Current Gain 
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BUF460DF 
BUF460DV 

NPN DARLINGTON POWER MODULE 
PRELIMINARY DATA 

• EASY TO DRIVE TECHNOLOGY (ETD) 
• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ULTRAFAST FREEWHEELING DIODE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL BUF460DV BUF460DF 
• SMPS& UPS 
• WELDING EQUIPMENT ISO TOP 

INTERNAL SCHEMATIC DIAGRAM 

SCC4880 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VsE = -5 V) 600 v 
VcEO(sus) Collector-Emitter Voltage (Is = 0) 450 v 

VESO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 80 A 

lcM Collector Peak Current (tp = 10 ms) 160 A 

Is Base Current 18 A 

IsM Base Peak Current (tp = 10 ms) 27 A 

Ptot Total Dissipation at Tc = 25 °C 270 w 
Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 
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BUF460DF/DV 

THERMAL DATA 

Rth1-case Thermal Resistance Junction-case (transistor) Max 0.41 °C/W 
RthJ-case Thermal Resistance Junction-case (diode) Max 2 °C/W 

Rthc-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leER Collector Cut-off VeE= VcEv 0.2 mA 
Current (RaE = 5 Q) VeE= VcEv T1 = 100 °C 2 mA 

lcEV Collector Cut-off VeE= VcEv 0.2 mA 
Current (VsE = -1.5V) VeE= VcEv T1 = 100 °C 2 mA 

lEBO Emitter Cut-off Current VEs = 5 V 1 mA 
(lc = 0) 

VcEO(SUSi• Collector-Emitter lc = 0.2 A L = 25 mH 450 v 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 60 A VeE= 5 V 120 

VcE(sat)* Collector-Emitter lc = 30 A Is= 3 A 0.35 v 
Saturation Voltage lc = 30 A Is= 3 A T1 = 100 °C 2 v 

lc = 60 A Is= 12 A 0.5 v 
lc = 60 A Is= 12 A T1 = 100 °C 2 v 

VsE(sat)* Base-Emitter lc = 60 A Is= 12 A 1.1 v 
Saturation Voltage lc = 60 A Is= 12 A T1=100°C 1.5 v 

dic/dt Rate of Rise of Vcc=300V Rc = 0 tp = 3 ~s 150 A/~s 
On-state Collector 1st= 18 A T1 = 100 °C 

VcE(3 ~s) Collector-Emitter Vee= 300 V Rc = 30 n 4 6 v 
Dynamic Voltage 1st= 18 A T1 = 100 °C 

VcE(5 ~s) Collector-Emitter Vee= 300 V Rc = 30 n 2 3 v 
Dynamic Voltage 1st= 18 A T1 = 100 oc 

Is Storage Time lc = 30 A Vee= 50 V 4.5 5 ~s 

It Fall Time Vas= -5 V Rss=0.2Q 0.1 0.2 ~s 

tc Cross-over Time V clamp = 450 V 1st= 3 A 0.3 5 ~s 

L = 0.25 mH T1 = 100 oc 

VcEw Maximum Collector lcwofl = 80 A 1st= 16 A 400 v 
Emitter Voltage Vas= -5 V Vee= 50 V 
Without Snubber L = 80 ~H Rss = 0.2 n 

T1 = 125 °C 

VF* Diode Forward Voltage IF= 70 A T1 = 100 °C 1.6 1.9 v 
IRM Reverse Recovery Vcc=200V IF= 70 A 38 45 A 

Current diFidt = -375 A/~s L<0.05~H 
T1 = 100 °C 

* Pulsed: Pulse duration = 300 ~s. duty cycle 1.5% 
To evaluate the conduction losses of the dtode use the following equattons. 
v, = 1.1 + 0.007 IF p = 1.1 IF(AV} + 0.007 12F(RMS} 
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BUF460DF/DV 

Reverse Biased SOA 
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DC Current Gain 
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BUF460DF/DV 
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BUF824F 
BUF824V 

NPN TRANSISTOR POWER MODULE 
ADVANCE DATA 

• HIGH VOLTAGE, HIGH CURRENT POWER 
BIPOLAR MODULE 

• VERY LOW Rth JUNCTION CASE 
• ISOLATED CASE (25DOV RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS 
• WELDING EQUIPMENT 

BUF824V BUF824F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

SCO<ISAO 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VeE = -5 V) 1200 v 
VcEO(sus) Collector-Emitter Voltage (Is = 0) 800 v 

VEBO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 36 A 

I eM Collector Peak Current (tp = 10 ms ) 54 A 

Is Base Current 9 A 

IsM Base Peak Current (tp = 10 ms) 18 A 

Ptot Total Dissipation at Tc = 25 °C 270 w 
Tstg Storage Temperature -55 to 150 oc 

TJ Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 
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BUF824FJV 

THERMAL DATA 

Rthj-case Thermal Resistance Junction-case Max 0.45 °C/W 
Rthc-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leER Collector Cut-off VeE= VcEv 1 rnA 
Current (RaE = 5 Q) VeE= VcEv T1 = 100 °C 15 rnA 

icEV Collector Cut-off VeE= VcEv 1 rnA 
Current (VeE = -5) VeE= VcEv T; = 100 °C 15 rnA 

lEBO Emitter Cut-off Current VEe= 5 V 1 rnA 
(Ic = 0) 

VcE(SUs)' Collector-Emitter Ic = 0.2 A L = 25 mH 800 v 
Sustaining Voltage V clamp = 800 V 

hFE* DC Current Gain Ic = 24 A VeE= 5 V 8 

VcE(sat)* Collector-Emitter Ic = 24 A Is= 6 A 2 v 
Saturation Voltage Ic = 24 A Is= 6 A T1 = 100 °C 2.2 v 

VeE(sat)* Base-Emitter Ic = 24 A Is= 6 A 1 v 
Saturation Voltage lc = 24 A Is= 6 A Tj = 100 °C 1 v 

dic/dt Rate of Rise of Vcc=300V Rc = 0 lp = 3 JlS 200 A/JlS 
On-state Collector let= 9 A Tj = 100 °C 

VcE(3 JlS) Collector-Emitter Vee= 300 V Rc = n v 
Dynamic Voltage let= A T1 = 100 °C 

VcE(5 JlS) Collector-Emitter Vee= 300 V Rc = n v 
Dynamic Voltage let= A T1 = 100 °C 

Is Storage Time lc = 24 A Vee= 50 V 6.5 JlS 
It Fall Time Vas= -5 V Rss = 0.6n 0.1 JlS 
tc Cross-over Time V clamp = 800 V let= 6 A 0.25 JlS 

L =50 JlH T1 = 100 °C 

VcEw Maximum Collector lcwoff = 30 A let= 8 A 800 v 
Emitter Voltage Vee= -5 V Vee= 50 V 
Without Snubber L =50 JlH Res= 0.6 n 

T1 = 125 °C 

* Pulsed: Pulse duration = 300 JlS, duty cycle 1.5 % 
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BUF832F 
BUF832V 

NPN TRANSISTOR POWER MODULE 
ADVANCE DATA 

• HIGH VOLTAGE, HIGH CURRENT POWER 
BIPOLAR MODULE 

• VERY LOW Rth JUNCTION CASE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS 
• WELDING EQUIPMENT 

BUF832V BUF832F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

SC048t0 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VsE = -5 V) 1200 v 
VcEO(sus) Collector-Emitter Voltage (Is = 0) 800 v 

VESO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 48 A 

lcM Collector Peak Current (tp = 1 0 ms) 72 A 

Is Base Current 12 A 

IsM Base Peak Current (tp = 10 ms) 24 A 

Ptot Total Dissipation at Tc = 25 °C 300 w 
Tstg Storage Temperature -55 to 150 oc 

T, Max. Operating Junction Temperature 150 oc 

Vtso Insulation Withstand Voltage (AC-RMS) 2500 v 
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BUF832FIV 

THERMAL DATA 

Rthl·case Thermal Resistance Junction-case Max 0.41 °C/W 
Rthc-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leER Collector Cut-off Vee= Vcev 1 mA 
Current (Rse = 5 0) Vee= Vcev TJ = 100 °C 15 mA 

lcev Collector Cut-off Vee= Vcev 1 mA 
Current (Vse = -5) Vee= Vcev T1 = 100 °C 15 mA 

lese Emitter Cut-off Current Ves = 5 V 1 mA 
(lc = 0) 

Vce(sUs)* Collector-Emitter lc = 0.2 A L = 25 mH BOO v 
Sustaining Voltage V clamp = BOO V 

hFe* DC Current Gain lc = 32 A Vee= 5 V B 

Vce(sat)* Collector-Emitter lc = 32 A Is= 8 A 2 v 
Saturation Voltage lc = 32 A Is= B A TJ = 100 °C 2.2 v 

VsE(sat)* Base-Emitter lc = 32 A Is= B A 1.2 v 
Saturation Voltage lc = 32 A Is= 8 A TJ = 100 °C 1.2 v 

dic/dt Rate of Rise of Vcc=300V Rc = 0 !p = 3 JlS 200 AijlS 
On-state Collector lst=12A TJ = 100 °C 

VcE(3 11s) Collector-Emitter Vee= 300 V Rc = n v 
Dynamic Voltage 1st= A TJ = 100 °C 

Vce(5 11S) Collector-Emitter Vee= 300 V Rc = n v 
Dynamic Voltage 1st= A T; = 100 °C 

Is Storage Time lc = 32 A Vee= 50 V B JlS 
It Fall Time Vss = -5 V Rss = 0.6 n 0.1 11S 
lc Cross-over Time V clamp = BOO V 1st= B A 0.25 11S 

L =50 J-lH T1 = 100 °C 

Vcew Maximum Collector lcwoff = 45 A 1st= 12 A 800 v 
Emitter Voltage Vss = -5 V Vee= 50 V 
Without Snubber L =50 11H Rss = 0.6 n 

T1 = 125 °C 

• Pulsed: Pulse duration = 300 ~s. duty cycle 1.5% 
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BUT30F 
BUT30V 

NPN TRANSISTOR POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS 
• DC/DC & DC/AC CONVERTERS BUT30V BUT30F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

SC04830 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VsE = -5 V) 200 v 
VcEO(sus) Collector-Emitter Voltage (Is= 0) 125 v 

VEso Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 100 A 

lcM Collector Peak Current (tp = 10 ms) 150 A 

Is Base Current 20 A 

IsM Base Peak Current (tp = 10 ms) 30 A 

Ptot Total Dissipation at Tc = 25 °C 250 w 
Tstg Storage Temperature -55 to 150 oc 
Tl Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 
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BUT30FIV 

THERMAL DATA 

Rthj-case Thermal Resistance Junction-case Max 0.5 °C/W 
Rthc-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leER Collector Cut-off VeE= VeEv 1 mA 
Current (RsE = 5 Q) VeE= VeEV T1 = 1oo oc 5 mA 

lcEV Collector Cut-off VeE= VeEv 1 mA 
Current (VsE = -5) VeE= VeEv T1 = 100 °C 4 mA 

lEBO Emitter Cut-off Current VEs = 5 v 1 mA 
(le = 0) 

VcEO(SUSl . Collector-Emitter le = 0.2 A L = 25 mH 125 v 
Sustaining Voltage VcJamp = 125 V 

hFE* DC Current Gain le=100A VeE= 5 V 2.7 

VeE(sat)* Collector-Emitter lc = 50 A Is= 2.5 A 0.45 0.9 v 
Saturation Voltage lc = 50 A Is= 2.5 A T1 = 100 °C 0.55 1.2 v 

le = 100 A Is= 10 A 0.7 0.9 v 
lc = 100 A Is= 10 A T1 = 100 °C 0.9 1.5 v 

VBE(sat)* Base-Emitter lc = 50 A Is= 2.5 A 1.15 1.4 v 
Saturation Voltage le = 50 A Is= 2.5 A T1 =100°C 1.1 1.4 v 

le=100A Is= 10 A 1.45 1.8 v 
lc=100A Is= 10 A T1 = 100 oC 1.55 1.9 v 

dic/dt Rate of Rise of Vee= 300 V Rc = o lp = 3 j.lS 270 350 A/j.lS 
On-state Collector ls1 = 15 A T1 = 100 °C 

VcE(3 JlS) Collector-Emitter Vee= 300 V Rc = 1 Q 2.7 3.5 v 
Dynamic Voltage let= 15 A T1 = 100 oc 

VcE(5 j.lS) Collector-Emitter Vee= 300 V Rc = 1 Q 2 2.5 v 
Dynamic Voltage let= 15 A Tj = 100 °C 

Is Storage Time lc=100A Vee= 90 V 1 2 j.lS 
It Fall Time Vee= -5 V Res= 0.47 Q 0.1 0.2 j.lS 
lc Cross-over Time Vctamp = 125 V lst=10A 0.2 0.35 j.lS 

L = 45j.lH T1 = 100 °C 

VcEw Maximum Collector lcwotf = 150 A lst=10A 125 v 
Emitter Voltage Vee= -5 V Vee= 90 V 
Without Snubber L = 30 j.lH Res= 0.5Q 

T1 = 125 °C 

• Pulsed· Pulse duratton = 300 JlS, duty cycle 1.5 % 
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Safe Operating Areas 
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BUT30F/V 

Reverse Biased SOA 
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DC Current Gain 
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BUT32F 
BUT32V 

NPN TRANSISTOR POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS& UPS 
• DC/DC & DC/AC CONVERTERS BUT32V BUT32F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

SC04830 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VeE = -5 V) 400 v 
VcEO(sus) Collector-Emitter Voltage (Is= 0) 300 v 

VEBO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 80 A 

lcM Collector Peak Current (tp = 10 ms) 120 A 

Is Base Current 16 A 

IsM Base Peak Current (tp = 10 ms) 24 A 

Ptot Total Dissipation at Tc = 25 °C 250 w 
Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 
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BUT32F/V 

THERMAL DATA 

RthJ·case Thermal Resistance Junction-case Max 0.5 °C/W 
Rthc-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leER Collector Cut-off Vee= Vcev 1 mA 
Current (Rse = 5 Q) Vee= Vcev T1 = 100 °C 5 mA 

lcev Collector Cut-off Vee= Vcev 1 mA 
Current (Vee= -5) Vee= Vcev T1 = 100 °C 4 mA 

leso Emitter Cut-off Current Vee= 5 V 1 mA 
(lc = 0) 

VcEO(SUs)* Collector-Emitter lc = 0.2 A L = 25 mH 300 v 
Sustaining Voltage VcJamp = 300 V 

hFE* DC Current Gain lc = 40 A Vee= 5 V 16 

VcE(sat)* Collector-Emitter lc = 40 A Is= 4 A 0.6 0.9 v 
Saturation Voltage lc = 40 A Is= 4 A T1 = 100 °C 1.2 1.9 v 

VBE(sat)* Base-Emitter lc = 40 A Is= 4 A 1.12 1.3 v 
Saturation Voltage lc = 40 A Is= 4 A T1 = 100 °C 1.1 1.3 v 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 lp = 3 (-lS 120 180 A/(-lS 
On-state Collector ls1 = 6 A T1 = 100 °C 

Vce(3 (-lS) Collector-Emitter Vee= 300 V Rc = 6.2 n 3 6 v 
Dynamic Voltage ls1 = 6 A T1 = 100 °C 

Vce(5 (-lS) Collector-Emitter Vee= 300 V Rc = 6.2 n 1.8 3 v 
Dynamic Voltage ls1 = 6 A T1 = 100 °C 

Is Storage Time lc = 40 A Vee= 250 V 1.9 3 (-lS 
If Fall Time Vss = -5 V Res= 0.6 n 0.12 0.4 (-lS 
tc Cross-over Time VcJamp = 300 V ls1 = 4 A 0.35 0.7 (-lS 

L = 0.3 mH T1 = 100 °C 

Vcew Maximum Collector lcwoff = 60 A ls1 = 4 A 300 v 
Emitter Voltage Vss = -5 V Vee= 50 V 
Without Snubber L = 42(-lH Res= 0.6 n 

T1 = 125 °C 

• Pulsed: Pulse durat1on = 300 !IS, duty cycle 1.5 % 
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Safe Operating Areas 
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BUT32F!V 

Reverse Biased SOA 
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DC Current Gain 
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BUT230F 
BUT230V 

NPN TRANSISTOR POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS 
• DC/DC & DC/AC CONVERTERS BUT230V BUT230F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

SC0t6t0 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VsE = -5 V) 200 v 
VcEO(sus) Collector-Emitter Voltage (Is= 0) 125 v 

VESO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 200 A 

lcM Collector Peak Current (tp = 1 0 ms) 300 A 

Is Base Current 40 A 

IsM Base Peak Current (tp = 10 ms) 60 A 

Ptot Total Dissipation at Tc = 25 °C 300 w 
Tstg Storage Temperature -55 to 150 oc 

Tj Max. Operating Junction Temperature 150 oc 
Vtso Insulation Withstand Voltage (AC-RMS) 2500 v 
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BUT230F/V 

THERMAL DATA 

Rthj-case Thermal Resistance Junction-case Max 0.41 °C/W 
Rthc-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leER Collector Cut-off VeE= VcEv 1 mA 
Current (RsE =50) VeE= VcEv T1 = 100 °C 5 mA 

lcEV Collector Cut-off VeE= VeEv 1 mA 
Current (VsE = -1.5) VeE= VcEv T1 = 100 °C 4 mA 

lEBO Emitter Cut-off Current VEB = 5 V 1 mA 
(le = 0) 

VcEO(SUSl• Collector-Emitter lc = 0.2 A L = 25 mH 125 v 
Sustaining Voltage Vclamp = 125 V 

hFE* DC Current Gain lc = 200 A VeE= 5 V 25 

VeE(sat)* Collector-Emitter le=100A Is= 5 A 0.6 0.9 v 
Saturation Voltage le=100A Is= 5 A Tj = 100 °C 0.8 v 

le = 200 A Is= 20 A 0.9 0.9 v 
lc = 200 A Is= 20 A Tj = 100 °C 1.2 v 

VsE(sat)* Base-Emitter le=100A Is= 5 A 1.1 v 
Saturation Voltage lc=100A Is= 5 A Tj=100°C 1.1 1.4 v 

lc = 200 A Is= 20 A 1.5 v 
lc = 200 A Is= 20 A Tj = 100 oC 1.6 2 v 

dic/dt Rate of Rise of Vcc=100V Rc = 0 lp = 3 j.!S 270 325 A/f!S 
On-state Collector 1st= 30 A T1 = 100 °C 

VeE(3 f!S) Collector-Emitter Vee= 100 v Re = 0.5 n 2.8 3.8 v 
Dynamic Voltage ls1 = 20 A T1 = 100 °C 

VeE(5 f!S) Collector-Emitter Vee= 100 V Rc=0.5n 2 3 v 
Dynamic Voltage ls1 = 20 A T1 = 100 °C 

Is Storage Time lc = 200 A Vee= 90 V 1 2 f!S 
tt Fall Time Vss = -5 V Rss = 0.25 n 0.1 0.3 j.!S 
lc Cross-over Time Vctamp = 125 V ls1 = 20 A 0.2 0.6 J.LS 

L = 45 f!H T1 = 100 °C 

VcEw Maximum Collector lcwoff = 300 A 1st= 20 A 125 v 
Emitter Voltage Vss = -5 V Vcc=90V 
Without Snubber L = 15 !!H Rss = 0.25 n 

T1 = 125 °C 

• Pulsed: Pulse duration= 300 !-LS, duty cycle 1.5% 
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Safe Operating Areas 

GC32260 

) 10 MAX 
PULSED 

PULSE OPERATION·~ 
~2tJ-S 

~ ' ' 10 MAX 50~ts 
CONT , 

10 1, ' ' 
• For single non ~ ' repetitive pulse 

I Ill DC OPERATION 

' t-r- T c 25 •c 
Ill IIIII 

' 

Derating Curve 

GC1.UOO 

100 
~ 

I'. ...... 
-- Ptot " i"'- ls;s r-

I---
i' 

50 I'. 
I" 

!'-.. 
0 50 100 0 

Collector-Emitter Saturation Voltage 

) 

1.6 

1.4 

1.2 

O.B 

0.6 

0.4 

0.2 

0 1.0 so 

GC32240 

TJ=125'C ,. 
A' 

2~::::: 

AO'C 

hrE =10 

120 

Thermal Impedance 

Collector-Emitter Voltage Versus 
Base-Emitter Resistance 

Vcc(V) 

200 

190 

180 

170 

160 

150 

140 

130 

120 

110100 

I'. 

I 
I 

I 

I 

10' 

Base-Emitter Saturation Voltage 

Yar(sct 
(V) 

) 

1.5 

-40.::;;. 

lA" 
zs;..Y 

0.5 TJ =125°C 

BUT230F!V 

GC15320 

10 3 R BE(O) 

GC32230 

hrE =10 

0 40 80 120 

3/5 
--------------------------- L~1 ~~~;~&~:9~ ---------------------------

187 



BUT230FIV 

Reverse Biased SOA 
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DC Current Gain 
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BUT232F 
BUT232V 

NPN TRANSISTOR POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS 
• DC/DC & DC/AC CONVERTERS BUT232V BUT232F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

SC04840 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VsE = -5 V) 400 v 
VcEO(sus) Collector-Emitter Voltage (Is = 0) 300 v 

VESO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 140 A 

lcM Collector Peak Current (tp = 10 ms) 210 A 

Is Base Current 28 A 

IsM Base Peak Current (tp = 10 ms) 42 A 

Ptot Total Dissipation at Tc = 25 °C 300 w 
Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

V1s0 Insulation Withstand Voltage (AC-RMS) 2500 v 
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BUT232F!V 

THERMAL DATA 

RthJ·case Thermal Resistance Junction-case Max 0.41 °C/W 
Rthc-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leER Collector Cut-off VeE= VcEv 1 mA 
Current (RsE = 5 Q) VeE= VcEv T1 = 100 °C 5 mA 

lcEV Collector Cut-off VeE= VcEv 1 mA 
Current (VsE = -1.5) VeE= VcEv T1 = 100 °C 4 mA 

lEBO Emitter Cut-off Current VEB = 5 v 1 mA 
(lc = 0) 

VcEO(SUSl 
. Collector-Emitter lc = 0.2 A L = 25 mH 125 v 

Sustaining Voltage V clamp = 300 V 

hFE* DC Current Gain lc = 70 A VeE= 5 V 17 

VcE(sat)* Collector-Emitter lc = 35 A Is= 1.75 A 0.5 v 
Saturation Voltage lc = 35 A Is= 1.75 A T1 = 100 °C 0.7 1.9 v 

lc = 70 A Is= 7 A 0.5 v 
lc = 70 A Is= 7 A T1 = 100 °C 0.9 1.9 v 

VsE(sat)* Base-Emitter lc = 70 A Is= 7 A 1.1 v 
Saturation Voltage lc = 70 A Is= 7 A T1 = 100 °C 1 1.3 v 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 tp = 3 !!S 120 190 Ai!!S 
On-state Collector ls1 = 10 A T1 = 100 °C 

VcE(3 !!S) Collector-Emitter Vee= 200 V Rc = 3.25 Q 2.5 4 v 
Dynamic Voltage IB1 = 6.4 A T1 = 100 °C 

VcE(5 !!S) Collector-Emitter Vee= 200 V Rc = 3.25 Q 1.4 2.5 v 
Dynamic Voltage IB1 = 6.4 A Tj = 100 °C 

Is Storage Time lc = 70 A Vee= 250 V 3 5 !!S 
If Fall Time Vss = -5 V Rss = 0.6 Q 0.25 0.4 !!S 
tc Cross-over Time Vctamp = 300 V ls1 = 7 A 0.6 0.9 !lS 

L = 0.3 mH T1 = 100 °C 

VcEw Maximum Collector lcwotl = 1 05 A ls1 = 7 A 300 v 
Emitter Voltage Vss = -5 V Vee= 50 V 
Without Snubber L = 42 !!H Rss = 0.6 Q 

T1 = 125 °C 

• Pulsed: Pulse duration = 300 IJS, duty cycle 1.5 % 
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Safe Operating Areas 
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BUT232FIV 

Reverse Biased SOA 
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DC Current Gain 
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BUV98F 
BUV98V 

NPN TRANSISTOR POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS 
• WELDING EQUIPMENT BUV98V BUV98F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

SC04830 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VeE = -5 V) 850 v 
VcEO(sus) Collector-Emitter Voltage (Is= 0) 450 v 

VEBO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 30 A 

I eM Collector Peak Current (tp = 1 0 ms) 60 A 

Is Base Current 8 A 

IsM Base Peak Current (tp = 10 ms) 30 A 

Ptot Total Dissipation at Tc = 25 °C 150 w 
Tstg Storage Temperature -55 to 150 oc 

TJ Max. Operating Junction Temperature 150 oc 

V1s0 Insulation Withstand Voltage (AC-RMS) 2500 v 
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BUV98FIV 

THERMAL DATA 

RthJ·Case Thermal Resistance Junction-case Max 0.83 °C/W 
Rthc·h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leER Collector Cut-off VeE= VcEv 1 mA 
Current (ReE = 5 n) VeE= VcEv T1 = 100 °C 8 mA 

ICEV Collector Cut-off VeE= VcEv 0.4 mA 
Current (VeE = -5V) VeE= VcEv T1 = 100 °C 4 mA 

lEBO Emitter Cut-off Current VEe= 5 V 2 mA 
(lc = 0) 

VcEo(SUs)* Collector-Emitter lc = 0.2 A L = 25 mH 450 v 
Sustaining Voltage Vctamp = 450 V 

hFE* DC Current Gain lc = 24 A VeE= 5 V 9 

VcE(sat)* Collector-Emitter lc = 20 A Is= 4 A 1.5 v 
Saturation Voltage lc = 30 A Is= 8 A 3.5 v 

VBE(sat)* Base-Emitter lc = 20 A Is= 4 A 1.6 v 
Saturation Voltage 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 lp = 3 JlS 100 A/JlS 
On-state Collector let= 6 A T1 = 100 °C 

VcE(3 JlS) Collector-Emitter Vee= 300 V Rc = 15 n 8 v 
Dynamic Voltage let= 6 A T1 = 100 °C 

VcE(5 JlS) Collector-Emitter Vee= 300 V Rc = 15 n 4 v 
Dynamic Voltage let= 6 A T1 = 100 °C 

Is Storage Time lc = 20 A Vee= 50 V 5 JlS 
It Fall Time Vee= -5 V Ls = 1.5 JlH 0.4 JlS 

Vctamp = 300 V let= 4 A 
L = 750 JlH T1 = 100 °C 

VcEW Maximum Collector lcwoff = 30 A let= 6 A 350 v 
Emitter Voltage Vee= -5 V Vee= 50 V 
Without Snubber L = 750 JlH Ls = 15 JlH 

T1 = 125 °C 

• Pulsed: Pulse duralton = 300 ~'"· duty cycle 1.5 % 
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Safe Operating Areas 
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BUV98F/V 

Reverse Biased SOA 
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DC Current Gain 
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BUV98AF 
BUV98AV 

NPN TRANSISTOR POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS 
• WELDING EQUIPMENT BUV9BAV BUV9BAF 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

SC048:50 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VsE = -5 V) 1000 v 
VcEO(sus) Collector-Emitter Voltage (Is = 0) 450 v 

VESO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 30 A 

lcM Collector Peak Current (tp = 10 ms) 60 A 

Is Base Current 8 A 

IsM Base Peak Current (tp = 10 ms) 30 A 

Ptot Total Dissipation at Tc = 25 °C 150 w 
Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

Vtso Insulation Withstand Voltage (AC-RMS) 2500 v 
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BUV98AF/AV 

THERMAL DATA 

Max I 
Max 

I 
RthJ·case Thermal Resistance Junction-case 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

leER Collector Cut-off VeE= VcEv 
Current (RaE = 5 Q) VeE= VcEv T1 = 100 °C 

lcEV Collector Cut-off VeE= VcEv 
Current (VeE = -SV) VeE= VcEv Tj = 100 °C 

lEBO Emitter Cut-off Current VEe= 5 V 
(lc = 0) 

VcEO(SUS)* Collector-Emitter lc = 0.2 A L = 25 mH 450 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 24 A VeE= 5 V 

VcE(sat)* Collector-Emitter lc = 16 A Is= 3.2 A 
Saturation Voltage lc = 24 A le = 5 A 

VeE(sat)* Base-Emitter lc = 16 A le = 3.2 A 
Saturation Voltage 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 tp = 3 !lS 100 
On-state Collector le1 = 6 A T1 = 100 °C 

VcE(3 11s) Collector-Emitter Vee= 300 V Rc = 15 n 
Dynamic Voltage ls1 = 6 A T1 = 100 °C 

VcE(5!lS) Collector-Emitter Vee= 300 V Rc = 15 n 
Dynamic Voltage le1 = 6 A T1 = 100 °C 

Is Storage Time lc = 16 A Vee= 50 V 
lr Fall Time Vas= -5 V La= 1.5 11H 

V clamp = 300 V ls1 = 3.2 A 
L = 750 11H T1 = 100 °C 

VcEw Maximum Collector lcwoff = 30 A le1 = 6 A 350 
Emitter Voltage Vee= -5 V Vee= 50 V 
Without Snubber L = 750 11H Ls=15!1H 

T1 = 125 °C 

• Pulsed: Pulse duratron = 300 !IS, duty cycle 1.5% 
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Safe Operating Areas 
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BUV98AF/AV 

Reverse Biased SOA 
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DC Current Gain 
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BUV298F 
BUV298V 

NPN TRANSISTOR POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS 
• WELDING EQUIPMENT BUV298V BUV298F 

ISO TOP 

INTERNAL SCHEMATIC DIAGRAM 

SC048::50 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VeE = -5 V) 850 v 
VcEO(sus) Collector-Emitter Voltage (Is= 0) 450 v 

VEBO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 50 A 

lcM Collector Peak Current (tp = 10 ms) 75 A 

Is Base Current 10 A 

IsM Base Peak Current (tp = 10 ms) 16 A 

Ptot Total Dissipation at Tc = 25 °C 250 w 
Tstg Storage Temperature -55 to 150 oc 
T, Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/5 
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BUV298F/V 

THERMAL DATA 

RthJ·Case Thermal Resistance Junction-case Max 0.5 °C/W 
Rthc·h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leER Collector Cut-off VeE= VcEv 0.4 mA 
Current (RsE = 5 n) VeE= VcEV T1 = 100 °C 2 mA 

icEV Collector Cut-off VeE= VcEV 0.4 mA 
Current (VsE = -SV) VeE= VcEV T1 = 100 °C 2 mA 

lEBO Emitter Cut-off Current VEs = 5 V 2 mA 
(lc = 0) 

VcEO(SUs)* Collector-Emitter lc = 0.2 A L = 25 mH 450 v 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 32 A VeE= 5 V 12 

VcE(sat)* Collector-Emitter lc = 32 A Is= 6.4 A 0.35 1.2 v 
Saturation Voltage lc = 32 A Is= 6.4 A T1 = 100 °C 0.6 2 v 

VsE(sat)* Base-Emitter lc = 32 A Is= 6.4 A 1 1.5 v 
Saturation Voltage lc = 32 A Is= 6.4 A T1 = 100 °C 0.9 1.5 v 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 lp = 3 I!S 160 210 A/!!S 
On-state Collector 1st= 9.6 A T1 = 100 °C 

VcE(3 !!S) Collector-Emitter Vee= 300 V Rc = 9.3 n 4.5 8 v 
Dynamic Voltage 1st = 9.6 A T1 = 100 °C 

VcE(5 !!S) Collector-Emitter Vee= 300 V Rc = 9.3 n 2.5 4 v 
Dynam1c Voltage 1st = 9.6 A T1 = 100 °C 

Is Storage Time lc = 32 A Vee= 50 V 3.2 4.5 !!S 
It Fall Time Vss = -5 V Rss = 0.39 n 0.25 0.4 !!S 
lc Cross-over Time Vclamp = 450 V 1st = 6.4 A 0.5 0.7 !!S 

L = 78!!H T1 = 100 °C 

VcEW Maximum Collector lcwoff = 48 A 1st= 6.4 A 450 v 
Emitter Voltage Vss = -5 V Vee= 50 V 
Without Snubber L =52 !!H Rss = 0.39 n 

T1 = 125 °C 

• Pulsed: Pulse durat1on = 300 !15, duty cycle 1.5 % 
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BUV298F/V 

Reverse Biased SOA 
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DC Current Gain 
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BUV298AF 
BUV298AV 

NPN TRANSISTOR POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS 
• WELDING EQUIPMENT BUV298AV BUV298AF 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

SC04830 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEV Collector-Emitter Voltage (VsE = -5 V) 1000 v 
VcEO(sus) Collector-Emitter Voltage (Is = 0) 450 v 

VESO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 50 A 

lcM Collector Peak Current (tp = 1 0 ms) 75 A 

Is Base Current 10 A 

IsM Base Peak Current (tp = 10 ms) 16 A 

Ptot Total Dissipation at Tc = 25 °C 250 w 
Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

V1s0 Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 115 
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BUV298AF/AV 

THERMAL DATA 

Rth1-case Thermal Resistance Junction-case Max 0.5 °C/W 
Rthc-h Thermal Resistance Case-heatsink Wtth Conductive 

Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leER Collector Cut-off VeE= VcEv 0.4 mA 
Current {ReE = 5 n) VeE= VcEv T1 = 100 °C 2 mA 

lcEv Collector Cut-off VeE= VcEV 0.4 mA 
Current {VeE = -5V) VeE= VcEv T1 = 100 °C 2 mA 

lEBO Emitter Cut-off Current VEe= 5 V 2 mA 
{lc = 0) 

VcEO(SUS) 
. Collector-Emitter lc = 0.2 A L = 25 mH 450 v 

Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 32 A VeE= 5 V 12 

VcE(sat)* Collector-Emitter lc = 32 A Is= 6.4 A 0.35 1.2 v 
Saturation Voltage lc = 32 A Is= 6.4 A T1 = 100 °C 0.6 2 v 

VeE(sat)* Base-Emitter lc = 32 A le=6.4A 1 1.5 v 
Saturation Voltage lc = 32 A Is= 6.4 A T1 = 100 °C 0.9 1.5 v 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 tp = 311S 160 210 A/11s 
On-state Collector let = 9.6 A T1 = 100 °C 

VcE{3 11S) Collector-Emitter Vee= 300 V Rc = 9.3 n 4.5 8 v 
Dynamic Voltage let = 9.6 A T1 = 100 °C 

VcE{5 11S) Collector-Emitter Vee= 300 V Rc = 9.3 n 2.5 4 v 
Dynamic Voltage let = 9.6 A T1 = 100 °C 

Is Storage Time lc = 32 A Vee= 50 V 3.2 4.5 11S 
It Fall Time Vee= -5 V Res= 0.39 n 0.25 0.4 11S 
lc Cross-over Time V clamp = 450 V le1 = 6.4 A 0.5 0.7 11S 

L = ?811H T1 = 100 °C 

VcEw Max1mum Collector lcwotf = 48 A ls1 = 6.4 A 450 v 
Emitter Voltage Vee= -5 V Vee= 50 V 
Without Snubber L = 5211H Res= 0.39 n 

T1 = 125 °C 

• Pulsed: Pulse duration = 300 IJS, duty cycle 1.5 % 
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Safe Operating Areas 
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BUV298AF/AV 

Reverse Biased SOA 
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DC Current Gain 
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ESM2012DF 
ESM2012DV 

NPN DARLINGTON POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ULTRAFAST FREEWHEELING DIODE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• UPS ESM2012DV ESM2012DF 
• DC/DC & DC/AC CONVERTERS 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

2 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VBE = -5 V) 150 v 
VcEO(sus) Collector-Emitter Voltage (IB = 0) 125 v 

VEBO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 120 A 

lcM Collector Peak Current (tp = 1 0 ms) 180 A 

IB Base Current 2 A 

IBM Base Peak Current (tp = 10 ms) 4 A 

Ptot Total Dissipation at Tc = 25 °C 175 w 
Tstg Storage Temperature -55 to 150 oc 

Tt Max. Operating Junction Temperature 150 oc 

VI SO Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/6 
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ESM2012DF/DV 

THERMAL DATA 

Rthj-case Thermal Resistance Junction-case (transistor) Max 
RthJ·Case Thermal Resistance Junction-case (dtode) Max 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= VcEv 
Current (RsE = 5 Q) VeE= VcEv T1 = 100 °C 

lcEV # Collector Cut-off VeE= VcEv 
Current (VsE = -5V) VeE= VcEv Ti = 100 °C 

lEBo# Emitter Cut-off Current VEB = 5 v 
(lc = 0) 

VcEO(SUs)* Collector-Emitter lc = 5 A L = 15 mH 
Sustaining Voltage VcJamp = 125 V 

hFE* DC Current Gain lc = 100 A VeE= 5 V 

VcE(sat)* Collector-Emitter lc = 70 A Is= 0.25 A 
Saturation Voltage lc = 70 A Is= 0.25 A T1 = 1 oo °C 

lc = 100 A Is= 1 A 
lc = 100 A Is= 1 A T1 = 1 oo oc 

VsE(sat)* Base-Emitter lc = 100 A Is= 1 A 
Saturation Voltage lc=100A Is= 1 A T1 = 100 °C 

dic/dl Rate of Rise of Vcc=90V Rc = 0 lp = 3 l!S 
On-state Collector 1st = 0.5 A T1 = 100 °C 

VcE(3 !!S) Collector-Emitter Vee= 90 V Rc = 1.3 n 
Dynamic Voltage 1st = 0.5 A T1 = 100 °C 

VcE(5 !!S) Collector-Emitter Vee= 90 V Rc = 1.3 n 
Dynamic Voltage 1st = 0.5 A T1 = 100 °C 

Is Storage Time lc = 70 A Vee= 90 V 
It Fall Time Vss = -5 V Rss = n 
lc Cross-over Time VcJamp = 125 V 1st= A 

L = 60 !!H T1 = 100 °C 

VcEw Maximum Collector lcwofl = 120 A 1st = 1A 
Emitter Voltage Vss = -5 V Vee= 90 V 
Without Snubber L = 60 11H Rss = 1.25 Q 

T1 = 125 °C 

VF* Diode Forward Voltage IF= 100 A T1 =100°C 

IRM Reverse Recovery Vcc=125V IF= 100 A 
Current diF/dt = -200 All!S L < 0.05 11H 

T1 = 100 °C 

* Pulsed: Pulse duratiOn= 300 ~s. duty cycle 1.5% 
#See test ctrcutts tn databook tntroduction 
To evaluate the conduction losses of the diode use the following equations: 
VF = 0.66 + 0.0034 IF p = 0.66 IF(AV) + 0.0034 I2 F(RMS) 

Min. 
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200 
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0.7 °C/W 
0.9 °C/W 

0.05 °C/W 

Typ. Max. Unit 

1.5 mA 
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1 mA 
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v 
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2.35 3 v 
230 A/!!S 

2 3 v 
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0.15 0.3 l!S 
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0.92 1 v 
10 14 A 
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Safe Operating Areas 
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ESM2012DF/DV 

Reverse Biased SOA 
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DC Current Gain 
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ESM2012DF/DV 

Turn-off Switching Test Circuit Turn-off Switching Waveforms 
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ESM2030DF 
ESM2030DV 

NPN DARLINGTON POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ULTRAFAST FREEWHEELING DIODE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• UPS ESM2030DV ESM2030DF 
• DC/DC & DC/AC CONVERTERS 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

3 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VeE = -5 V) 400 v 
VcEO(sus) Collector-Emitter Voltage (le = 0) 300 v 

VEBO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 67 A 

I eM Collector Peak Current (tp = 10 ms) 100 A 

le Base Current 3 A 

I eM Base Peak Current (tp = 10 ms) 6 A 

Ptot Total Dissipation at Tc = 25 °C 150 w 

Tstg Storage Temperature -55 to 150 oc 

TJ Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/6 
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ESM2030DF/DV 

THERMAL DATA 

RthJ·Case Thermal Resistance Junction-case (transistor) Max 
RthJ·Case Thermal Resistance Junction-case (diode) Max 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= VcEv 
Current (RsE = 5 Q) VeE= VcEv T1 = 100 °C 

lcEV # Collector Cut-off VeE= VcEv 
Current (VsE = -5V) VeE= VcEv T1 = 100 °C 

lEBO# Emitter Cut-off Current VEs = 5 V 
(lc = 0) 

VcEo(sus) * Collector-Emitter lc = 0.2 A L = 25 mH 
Sustaining Voltage V clamp = 300 V 

hFE* DC Current Gain lc =56 A VeE= 5 V 

VcE(sat)* Collector-Emitter lc = 40 A Is= 0.4 A 
Saturation Voltage lc = 40 A Is= 0.4 A T1 = 100 °C 

lc =56 A Is= 1.6 A 
lc =56 A Is= 1.6 A T1 = 100 °C 

VsE(sat)* Base-Emitter lc =56 A Is= 1.6 A 
Saturation Voltage lc =56 A Is= 1.6 A T1 = 100 °C 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 tp = 3 (lS 
On-state Collector 1st = 0.6 A T1 = 100 °C 

VcE(3 (lS) Collector-Emitter Vee= 300 V Rc = 7.5 n 
Dynamic Voltage 1st = 0.6 A T; = 100 °C 

VcE(5 (lS) Collector-Emitter Vee= 300 V Rc=7.5Q 
Dynamic Voltage 1st = 0.6 A T1 = 100 °C 

ts Storage Time lc = 40 A Vee= 50 V 
tt Fall Time Vss = -5 V Rss = 0.6 n 
tc Cross-over Time V clamp = 300 V 1st = 0.4 A 

L = 0.06 mH T1 = 100 °C 

VcEw Maximum Collector lcwoff = 67 A 1st= 1.6 A 
Emitter Voltage Vss = -5 V Vee= 50 V 
Without Snubber L = 0.037 mH Rss = 0.6 n 

T1 = 125 °C 

VF* Diode Forward Voltage IF= 56 A T1 = 100 °C 

lAM Reverse Recovery Vcc=200V IF= 56 A 
Current diF/dt = -220 A/(lS L < 0.05 (lH 

T1 = 100 °C 

* Pulsed: Pulse duration= 300 (lS, duty cycle 1.5 o/o 
#See test circuit in databook mtroduct1on 
To evaluate the conduction losses of the diode use the following equat10ns: 
VF = 1.1 + 0.0045 IF p = 1 1 IF(AV) + 0.0045 12F(RMS) 

Min. 

300 

220 

300 

0.83 °C/W 
1.2 °C/W 

0.05 °C/W 

Typ. Max. Unit 

1.5 rnA 
16 rnA 

1 rnA 
11 rnA 

1 rnA 

v 

300 

1.25 v 
1.4 1.8 v 
1.5 v 
1.8 2.2 v 
2.4 v 
2.5 3 v 
260 A/(ls 

3 6 v 

2.2 4 v 

2 3 (lS 
0.35 0.6 (lS 
0.8 1.2 (lS 

v 

1.15 1.4 v 
12 17 A 
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Safe Operating Areas 

GC31750 

) 
• lc MAX 
2 PULSED 

~ PULSE OPERATION • 
1 J.\~~11 

8 • . 
2 lc MAX 

101 CONT 
8 

I"\ 50!15 

• . 
2 

• For single non ! repeiitive pulse 

2 

10 1 DC OPERATION ....... I 
8 • • 2r-- Tc 25 'C 

1111 I 1111111 I IIIII 10 
10° 

4 6 a l Q I 2 4 6 s 1 02 2 •• 
Vc£ (V) 

Derating Curve 

Cl·44- 0 

100 
~ 

!-... 

1-1- Ptot 
I" ..... 

~-., ls;a -I-

50 
I' 

' I"' 
t-.. 

' 0 50 100 

Collector-Emitter Saturation Voltage 

Vet{ sa! 
(V) 

GC31760 
) 

T, -125 C 

2 

I.' ...... 
...... I' T, -25'C 

..... i.oo' 
~...,. 

i.--1:::::: 

""" h" =35 1-

0 1 0 20 30 40 50 60 70 lc (A) 

ESM2030DF/DV 

Thermal Impedance 

Collector-Emitter Voltage Versus 
Base-Emitter Resistance 

VcE(V) 
GC31760 

400 

' 350 

300 "-r-... 

250 

10 1 Re<(n) 

Base-Emitter Saturation Voltage 

GC31770 
VBE:(sct 

(v) 
) 

T -125 Ci..' ,.... 
.... T -25 'C 

2 tl! 
~ 

1.--
I' 

h" =35 -I-

I I I 

0 1 0 20 30 40 50 60 70 lc (A) 

3/6 
------------- L"!l ~~~~~:r~:oo~l: -------------

229 



ESM2030DF/DV 

Reverse Biased SOA 
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DC Current Gain 
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ESM2030DF/DV 

Turn-off Switching Test Circuit 

Lc 
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ESM3030DF 
ESM3030DV 

NPN DARLINGTON POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ULTRAFAST FREEWHEELING DIODE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS ESM3030DV ESM3030DF 
• DC/DC & DC/AC CONVERTERS 
• WELDING EQUIPMENT ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

2 

4 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VeE = -5 V) 400 v 
VcEO(sus) Collector-Emitter Voltage (Ia = 0) 300 v 

VEBO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 100 A 

lcM Collector Peak Current (tp = 1 Oms) 150 A 

Ia Base Current 5 A 

laM Base Peak Current (tp = 10 ms) 10 A 

Ptot Total Dissipation at Tc = 25 °C 225 w 
Tstg Storage Temperature -55 to 150 oc 
T, Max. Operating Junction Temperature 150 oc 

Vrso Insulation Withstand Voltage (AC·RMS) 2500 v 

July 1990 1/6 
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ESM3030DF/DV 

THERMAL DATA 

Rthj-case Thermal Resistance Junction-case (transistor) Max 
RthJ·Case Thermal Resistance Junction-case (diode) Max 

Rthc-h Thermal Resistance Case·heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= VcEV 
Current (ReE = 5 n) VeE= VcEV TJ = 100 °C 

lcEV # Collector Cut-off VeE= VcEv 
Current (VeE = ·5) VeE= VcEv TJ = 100 °C 

lEBO# Emitter Cut-off Current VEe= 5 V 
(lc = 0) 

VcEO(SUs)• Collector-Emitter lc = 0.2 A L = 25 mH 
Sustaining Voltage VcJamp = 300 V 

hFE* DC Current Gain lc = 85 A VeE= 5 V 

VCE(sat)* Collector-Emitter lc = 60 A Is= 0.6 A 
Saturation Voltage lc = 60 A Is= 0.6 A T1 = 100 °C 

lc = 85 A Is= 2.4 A 
lc = 85 A Is= 2.4 A TJ = 100 °C 

VeE(sat)* Base-Emitter lc = 85 A Is= 2.4 A 
Saturation Voltage lc = 85 A Is= 2.4 A T1 = 100 °C 

dic/dt Rate of Rise of Vcc=300V Rc = 0 lp = 3 JlS 
On-state Collector let = 0.9 A T1 = 100 °C 

VcE(3 JlS) Collector-Emitter Vee= 300 V Rc = 5 n 
Dynamic Voltage let = 0.9 A T1 = 100 °C 

VcE(5 !iS) Collector-Emitter Vee= 300 V Rc = 5 n 
Dynamic Voltage let= 0.9 A T1 = 100 °C 

Is Storage Time lc = 60 A Vee= 50 V 
tr Fall Time Vee= -5 V Res= 0.6 n 
lc Cross-over Time Vclamp = 300 V let= 0.6 A 

L = 0.04 mH T1 = 100 °C 

VcEw Maximum Collector lcwoff = 1 00 A let = 2.4 A 
Emitter Voltage Vee= -5 V Vee= 50 V 
Without Snubber L = 25 JlH Res= 0.6 n 

T1 = 125 °C 

VF* Diode Forward Voltage IF= 85 A T1 = 100 °C 

lAM Reverse Recovery Vee= 200 V IF= 85 A 
Current diF/dt = ·330 AfjlS L <50 nH 

T1 = 100 °C 

• Pulsed: Pulse duration = 300 I!S, duty cycle 1.5 % 
# See test circuits in databook introduction 
To evaluate the conduction losses of the diode use the following equations: 
VF =1.1 + 0.0045 IF p = 1 1 IF(AV) + 0.0045 12F(RMS) 

Min. 

300 

330 

300 

0.55 °C/W 
1.2 °C/W 

0.05 °C/W 

Typ. Max. Unit 

1.5 mA 
16 mA 

1 mA 
11 mA 

1 mA 

v 

300 

1.25 v 
1.4 1.8 v 
1.5 v 
1.8 2.2 v 
2.4 v 
2.5 3 v 
430 A/jlS 

3 6 v 

2.2 4 v 

2.3 3.5 jlS 
0.35 0.6 !iS 
0.8 1.2 jlS 

v 

1.2 1.55 v 
18 25 A 
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Safe Operating Areas 
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ESM3030DF/DV 

Reverse Biased SOA 
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DC Current Gain 
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ESM3030DF/DV 

Turn-off Switching Test Circuit 

BYT11 

v~lamp 

Turn-off Switching Test Circuits of Diode 

DUT 

SC04800 

Turn-off Switching Waveforms 

Ia 
!AI 

Turn-off Switching Waveform of Diode 

SC04B10 

o 021c 

6/6 
--------------------------- ~~~~~~~~:~~ ---------------------------
238 



ESM3045AF 
ESM3045AV 

NPN DARLINGTON POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS 
• WELDING EQUIPMENT ESM3045AV ESM3045AF 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

3 

2 

4 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vcev Collector-Emitter Voltage (Vee = -5 V) 1000 v 
VcEO(sus) Collector-Emitter Voltage (Is= 0) 450 v 

Veeo Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 22 A 

lcM Collector Peak Current (tp = 10 ms) 33 A 

Is Base Current 2.5 A 

IsM Base Peak Current (tp = 10 ms) 5 A 

Ptot Total Dissipation at Tc = 25 °C 125 w 
Tstg Storage Temperature -55 to 150 oc 

TJ Max. Operating JunctJOn Temperature 150 oc 
Vtso Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/5 
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ESM3045AF/AV 

THERMAL DATA 

RthJ-case Thermal Resistance Junction-case Max 
Rthc-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= VcEv 
Current (RsE = 5 Q) VeE= VcEv T1 = 100 °C 

lcEV # Collector Cut-off VeE= VcEv 
Current (VsE = -5) VeE= VGEV T1 = 100 °C 

lEBO# Emitter Cut-off Current VEB = 5 V 
(lc = 0) 

VcEO(SUS) . Collector-Emitter lc = 0.2 A L = 25 mH 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 18 A VeE= 5 V 

VcE(sat)* Collector-Emitter lc = 15 A Is= 0.3 A 
Saturation Voltage lc = 15 A Is= 0.3 A T1 = 100 °C 

lc = 18 A Is= 0.72 A 
lc = 18 A Is= 0.72 A T1 = 100 °C 

VBE(sat)* Base-Emitter lc = 18 A Is= 0.72 A 
Saturation Voltage lc = 18 A Is= 0.72 A T1 = 100 °C 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 lp = 31.1S 
On-state Collector 1st = 1.08 A T1 = 100 °C 

VcE(3 1.1S) Collector-Emitter Vee= 300 V Rc=16.6Q 
Dynamic Voltage 1st= 1.08 A T1 = 100 °C 

VcE(5 1.1S) Collector-Emitter Vee= 300 V Rc=16.6Q 
Dynamic Voltage 1st = 1.08 A TI=100°C 

Is Storage Time lc = 18 A Vee= 50 V 
lr Fall Time Vss = -5 V Rss = 0.6 Q 
tc Cross-over Time V clamp = 450 V 1st= 0.72 A 

L=0.14mH T1 = 100 °C 

VcEW Maximum Collector lcwoff = 22 A 1st = 0.72 A 
Emitter Voltage Vss = -5 V Vee= 50 V 
Without Snubber L=0.1 mH Rss = 0.6 Q 

T1 = 125 °C 

• Pulsed: Pulse duration = 300 J.LS, duty cycle 1.5 % 
# See test circuit in databook introducliOn 

Min. 

450 

150 

450 

1 °C/W 

0.05 °C/W 

Typ. Max. Unit 

1.5 rnA 
17 rnA 

1 rnA 
12 rnA 

1 rnA 

v 

120 

1.2 v 
1.3 2 v 
1.3 v 
1.45 2 v 

2 v 
2 2.5 v 

200 A/1.1s 

4 7 v 

2.5 4 v 

2.5 4.5 llS 
0.2 0.5 llS 
0.7 1.5 llS 

v 
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ESM3045AF/AV 

Reverse Biased SOA 
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DC Current Gain 
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ESM3045DF 
ESM3045DV 

NPN DARLINGTON POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ULTRAFAST FREEWHEELING DIODE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS& UPS ESM3045DV ESM3045DF 
• DC/DC & DC/AC CONVERTERS 
• WELDING EQUIPMENT ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

2 

4 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VeE = -5 V) 600 v 
VcEO(sus) Collector-Emitter Voltage (Ia = 0) 450 v 

VEaO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 24 A 

lcM Collector Peak Current (tp = 10 ms) 36 A 

Ia Base Current 2.5 A 

IsM Base Peak Current (tp = 10 ms) 5 A 

Ptot Total Dissipation at Tc = 25 °C 125 w 
Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/6 
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ESM3045DF/DV 

THERMAL DATA 

Rth)-case Thermal Resistance Junction-case (transistor) Max 
Rthi·case Thermal Resistance Junction-case (diode) Max 

Rthc-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off Vee= Veev 
Current (Rae = 5 Q) Vee= Vcev T1 = 100 °C 

lcev # Collector Cut-off Vee= Vcev 
Current (Vee = -5) Vee= Vcev T1 = 100 °C 

leeo # Emitter Cut-off Current Vee= 5 V 
(ie = 0) 

Vceo(sus>* Collector-Emitter lc = 0.2 A L = 25 mH 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 20 A Vee= 5 V 

Vce(sat)* Collector-Emitter ic = 15 A Ia = 0.3 A 
Saturation Voltage lc = 15 A le = 0.3 A T1 = 100 °C 

lc = 20 A le = 1.2 A 
lc = 20 A le = 1.2 A T1 = 100 °C 

Vee(sat)* Base-Emitter lc = 20 A le = 1.2 A 
Saturation Voltage lc = 20 A le = 1.2 A T1 = 100 °C 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 tp = 3 !!S 
On-state Collector ie1 = 0.45 A T1 = 100 °C 

Vce(3 !!S) Collector-Emitter Vee= 300 V Rc = 20 n 
Dynamic Voltage le1 = 0.45 A T1 = 100 °C 

Vce(5 !!S) Collector-Emitter Vee= 300 V Rc = 20 n 
Dynamic Voltage le1 = 0.45 A T1 =100°C 

Is Storage Time lc = 15 A Vee= 50 V 
tr Fall Time Vee= -5 V Rae= 0.6 n 
tc Cross-over Time V clamp = 450 V le1 = 0.3 A 

L=0.17mH T1 = 100 °C 

Vcew Maximum Collector lcwoff = 24 A le1 = 1.2 A 
Emitter Voltage Vee= -5 V Vee= 50 V 
Without Snubber L = 0.1 mH Rae= 0.6 n 

T1 = 125 °C 

VF• Diode Forward Voltage IF= 20 A T1 = 100 °C 

lAM Reverse Recovery Vee= 200 V IF= 20 A 
Current diF/dt = -125 Afi!S L < 0.05!!H 

T1 = 100 °C 

• Pulsed: Pulse duration = 300 !IS. duty cycle 1.5 % 
# See test c~rcutts tn datebook tntroductton 
To evaluate the conduction losses of the dtode use the followtng equations: 
VF = 1.47 + 0.0026 IF p = 1.47 IFIAV) + 0.0026 12F(RMS) 

Min. 

450 

125 

450 

1 °C/W 
2 °C/W 

0.05 °C/W 

Typ. Max. Unit 

1.5 rnA 
17 mA 

1 rnA 
12 mA 

1 rnA 

v 

120 

1.2 v 
1.3 2 v 
1.4 v 
1.6 2 v 
2.1 v 
2.1 3 v 
160 A/!!S 

4.5 8 v 

2.5 4.5 v 

2.1 4 !!S 
0.15 0.4 !!S 
0.5 1.2 !!S 

v 

1.7 2 v 
11 14 A 
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Safe Operating Areas 
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ESM3045DF/DV 

Reverse Biased SOA 
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DC Current Gain 
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ESM3045DF/DV 

Turn-off Switching Test Circuit 

Turn-off Switching Test Circuits of Diode 

DUT 

SC0-4-BOO 

Turn-off Switching Waveforms 

Ia 
IAI 

Turn-off Switching Waveform of Diode 
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ESM4045AF 
ESM4045AV 

NPN DARLINGTON POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS 
• WELDING EQUIPMENT ESM4045AV ESM4045AF 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

3 

2 

4 

SC04760 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VeE = -5 V) 1000 v 
VcEO(sus) Collector-Emitter Voltage (le = 0) 450 v 

VEBO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 36 A 

I eM Collector Peak Current (tp = 1 0 ms) 54 A 

le Base Current 4 A 

I eM Base Peak Current (tp = 10 ms) 8 A 

Ptot Total Dissipation at Tc = 25 °C 150 w 
Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/5 
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ESM4045AF/AV 

THERMAL DATA 

RthJ-case Thermal Resistance Junction-case Max 
Rthc-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= VcEv 
Current (RsE = 5 Q) VeE= VcEv T1 = 100 °C 

lcEV # Collector Cut-off VeE= VcEv 
Current (VsE = -5) VeE= VcEv T1 = 100 °C 

lEBO# Emitter Cut-off Current VEB = 5 V 
(lc = 0) 

VcEO(SUS) . Collector-Emitter le = 0.2 A L = 25 mH 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 30 A VeE= 5 V 

VcE(sat)* Collector-Emitter le = 25 A Is= 0.5 A 
Saturation Voltage le = 25 A Is= 0.5 A T1 = 100 °C 

le = 30 A Is= 1.2 A 
le = 30 A Is= 1.2 A T1 = 100 °C 

VBE(sat)* Base-Emitter lc = 30 A Is= 1.2 A 
Saturation Voltage lc = 30 A Is= 1.2 A Ti = 100 °C 

dic/dt Rate of Rise of Vee = 300 V Rc = 0 lp = 3 J.lS 
On-state Collector ls1 = 1.8 A Tt = 100 °C 

VeE(3 J.lS) Collector-Emitter Vee= 300 V Rc = 10 Q 
Dynamic Voltage 1st= 1.8 A T1 = 100 °C 

VcE(5 J.lS) Collector-Emitter Vee= 300 V Rc = 10 Q 
Dynamic Voltage Is,= 1.8 A T1 = 100 °C 

Is Storage Time lc = 30 A Vee= 50 V 
It Fall Time Vss = -5 V Rss = 0.6 Q 
lc Cross-over Time V clamp = 450 V ls1 = 1.2 A 

L = 80 J.lH T1 = 100 °C 

VcEw Maximum Collector lcwoff = 36 A 1st= 1.2 A 
Emitter Voltage Vss = -5 V Vee= 50 V 
Without Snubber L = 0.07 mH Rss=0.6Q 

T1 = 125 °C 

• Pulsed: Pulse duration= 300 J.lS, duty cycle 1.5% 
#See test circuits in databook introduction 

Min. 

450 

240 

450 

0.83 °C/W 

0.05 °C/W 

Typ. Max. Unit 

1.5 mA 
20 rnA 

1 mA 
13 mA 

1 mA 

v 

280 

1.2 v 
1.3 2 v 
1.3 v 
1.45 2 v 
2.1 v 
2.1 2.5 v 
300 A/J.lS 

4 7 v 

2.5 4 v 

3.6 5 J.lS 
0.3 0.6 J.lS 
1 1.8 J.lS 

v 
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Safe Operating Areas 
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ESM4045AF/AV 

Reverse Biased SOA 
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DC Current Gain 
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ESM4045DF 
ESM4045DV 

NPN DARLINGTON POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ULTRAFAST FREEWHEELING DIODE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS ESM4045DV ESM4045DF 
• DC/DC & DC/AC CONVERTERS 
• WELDING EQUIPMENT ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

SC0.4750 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VsE = -5 V) 600 v 
VcEO(sus) Collector-Emitter Voltage (Is= 0) 450 v 

VEso Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 42 A 

lcM Collector Peak Current (tp = 10 ms) 63 A 

Is Base Current 4 A 

IsM Base Peak Current (tp = 1 0 ms) 8 A 

Ptot Total Dissipation at Tc = 25 °C 150 w 
Tstg Storage Temperature -55 to 150 oc 

Ti Max. Operating Junction Temperature 150 oc 

Vtso Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/6 
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ESM4045DF/DV 

THERMAL DATA 

RthJ·case Thermal Resistance Junction-case (transistor) Max 
RthJ·case Thermal Resistance Junction-case (diode) Max 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= VcEv 
Current (RsE = 5 Q) VeE= VcEv T1 = 100 °C 

lcEV # Collector Cut-off VeE= VcEv 
Current (VsE = -5) VeE= VcEV T1 = 100 °C 

lEBO# Emitter Cut-off Current VEB = 5 v 
(lc = 0) 

VcEo{sus) * Collector-Emitter lc = 0.2 A L = 25 mH 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 35 A VeE= 5 V 

VcE(sat)* Collector-Emitter lc = 25 A Is= 0.5 A 
Saturation Voltage lc = 25 A Is= 0.5 A T1 = 100 °C 

lc = 35 A Is= 2 A 
le = 35 A Is= 2 A T1 = 100 °C 

VsE(sat)* Base-Emitter lc = 35 A Is= 2 A 
Saturation Voltage le = 35 A Is= 2 A T1 = 100 °C 

die/dt Rate of Rise of Vee= 300 V Re = 0 lp = 3 JlS 
On-state Collector 1st= 0.75 A T1 = 100 °C 

VeE(3 JlS) Collector-Emitter Vee= 300 V Rc = 12 Q 
Dynamic Voltage 1st = 0.75 A T1 = 100 °C 

VeE(5 JlS) Collector-Emitter Vee= 300 V Rc = 12 Q 
Dynamic Voltage 1st = 0.75 A T; = 100 °C 

Is Storage Time lc = 25 A Vee= 50 V 
It Fall Time Vss = -5 V Rss = 0.6 Q 
lc Cross-over Time V clamp = 450 V 1st = 0.5 A 

L=0.1mH T1 = 100 °C 

VcEw Maximum Collector lcwotf = 42 A 1st= 2 A 
Emitter Voltage Vss = -5 V Vee= 50 V 
Without Snubber L = 0.06 mH Rss = 0.6 Q 

T1 = 125 °C 

VF* Diode Forward Voltage IF= 35 A T1 = 100 °C 

IRM Reverse Recovery Vee=200V IF= 35 A 
Current diFidt = -200 AIJlS L < 0.05 JlH 

T1 = 100 °C 

" Pulsed: Pulse duration= 300 ~s. duty cycle 1.5% 
#See test circuits in databook introduction 
To evaluate the conduction losses of the d1ode use the followmg equations. 
Vr = 1.5 + 0.001 lr P = 1.5 lr(AV) + 0.001 12 F(RMS) 

Min. 

450 

200 

450 

0.83 °C/W 
1.5 °C/W 

0.05 °C/W 

Typ. Max. Unit 

1.5 mA 
20 mA 

1 mA 
13 mA 

1 mA 

v 

220 

1.15 v 
1.3 2 v 
1.4 v 
1.5 2 v 
2.3 v 
2.3 3 v 
250 A/JlS 

4.5 8 v 

2.5 4.5 v 

3 4.5 JlS 
0.2 0.5 JlS 
0.75 1.5 JlS 

v 

1.5 1.85 v 
20 24 A 
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Safe Operating Areas 
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ESM4045DF/DV 

Reverse Biased SOA 

CiCIS110 
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DC Current Gain 
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ESM4045DF/DV 

Turn-off Switching Test Circuit 

Lc 

Turn-off Switching Test Circuits of Diode 
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ESM5045DF 
ESM5045DV 

NPN DARLINGTON POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ULTRAFAST FREEWHEELING DIODE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS ESM5045DV ESM5045DF 
• WELDING EQUIPMENT 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

2 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VsE = -5 V) 600 v 
VcEO(sus) Collector-Emitter Voltage (Is= 0) 450 v 

VEBO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 60 A 

lcM Collector Peak Current (tp = 1 0 ms) 90 A 

Is Base Current 6 A 

IsM Base Peak Current (tp = 10 ms) 12 A 

Ptot Total Dissipation at Tc = 25 °C 175 w 
Tstg Storage Temperature -55 to 150 oc 

Ti Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/6 
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ESM5045DF/DV 

THERMAL DATA 

RthJ·Case Thermal Resistance Junction-case (transistor) Max 0.71 °C/W 
RthJ·Case Thermal Resistance Junction-case (diode) Max 1.2 °C/W 

Rthc-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leER# Collector Cut-off Vee= Vcev 1.5 rnA 
Current (Rse = 5 n) Vee= Vcev T1 = 100 °C 20 rnA 

lcev # Collector Cut-off Vee= Vcev 1 rnA 
Current (Vse = -5) Vee= Vcev T1 = 100 °C 13 rnA 

lese# Emitter Cut-off Current Ves = 5 V 1 rnA 
(lc = 0) 

Vceo(sus)* Collector-Emitter lc = 0.2 A L = 25 mH 450 v 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc =50 A Vee= 5 V 150 

VcE(sat)* Collector-Emitter lc = 35 A Is= 0.7 A 1.2 v 
Saturation Voltage lc = 35 A Is= 0.7 A T1 = 100 °C 1.4 2 .v 

lc =50 A Is= 2.8 A 1.4 v 
lc =50 A Is= 2.8 A T1 = 100 °C 1.6 2 v 

VsE(sat)* Base-Emitter lc =50 A Is= 2.8 A 2.3 v 
Saturation Voltage lc =50 A Is= 2.8 A T1 = 100 °C 2.3 3 v 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 tp = 3 !!S 300 400 A/11s 
On-state Collector 1st= 1.05 A T1 = 100 °C 

Vce(3 !!S) Collector-Emitter Vee= 300 V Rc = 8.5 n 4.5 8 v 
Dynamic Voltage 1st= 1.05 A T1=100°C 

Vce(5 !!S) Collector-Emitter Vee= 300 V Rc = 8.5 n 2.5 4.5 v 
Dynamic Voltage 1st= 1.05 A T1 = 100 °C 

Is Storage T1me lc = 35A Vee= 50 V 3.2 5 !!S 
It Fall Time Vss = -5 V Rss = 0.6 n 0.25 0.5 !!S 
lc Cross-over Time Vclamp = 450 V 1st = 0.7 A 0.75 1.5 1!5 

L = 0.07 mH T1 = 100 °C 

Vcew Maximum Collector lcwoff = 60 A 1st= 2.8 A 450 v 
Emitter Voltage Vss = -5 V Vee= 50 V 
Without Snubber L = 42!!H Rss = 0.6 n 

T1 = 125 °C 

VF* Diode Forward Voltage IF= 50 A T1 = 100 °C 1.5 1.8 v 
lAM Reverse Recovery Vee= 200 V IF= 50 A 32 38 A 

Current diFidt = -300 A/!!S L < 0.05 11H 
T1 = 100 °C 

• Pulsed: Pulse duration = 300 !IS, duty cycle 1.5 % 
To evaluate the conduction losses of the diode use the following equations· 
VF = t.5 + 0.0055 IF p = 1.5 IF(AV) + 0.0055 12F(RMS) 

# See test circuits in databook introduction 
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Safe Operating Areas 
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ESM5045DF/DV 

Reverse Biased SOA 
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DC Current Gain 
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ESM5045DF/DV 

Turn-off Switching Test Circuit 

8YT11 

(1) Fast electronic switch (2) Non-inductive load 
(3) Fast recovery rectifier 
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ESM6045AF 
ESM6045AV 

NPN DARLINGTON POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS 
• WELDING EQUIPMENT ESM6045AV ESM6045AF 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

3 

2 

4 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VBE = -5 V) 1000 v 
VcEO(sus) Collector-Emitter Voltage (IB = 0) 450 v 

VEBO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 72 A 

I eM Collector Peak Current (tp = 10 ms) 108 A 

IB Base Current 8 A 

iBM Base Peak Current (tp = 10 ms) 16 A 

Ptot Total Dissipation at Tc = 25 °C 250 w 
Tstg Storage Temperature -55 to 150 oc 
T, Max. Operating Junction Temperature 150 oc 

Vtso Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/5 
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ESM6045AF/ A V 

THERMAL DATA 

RthJ·Case Thermal Resistance Junction-case Max 
Rthc-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= VcEv 
Current (ReE = 5 !l) VeE= VcEv T1 = 100 °C 

lcEV # Collector Cut-off VeE= VcEv 
Current (VeE = -5) VeE= VcEv Ti = 100 °C 

lEBO# Emitter Cut-off Current VEB = 5 V 
(lc = 0) 

VcEO(SUs)• Collector-Emitter lc = 0.2 A L = 25 mH 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 60 A VeE= 5 V 

VcE(sat)* Collector-Emitter lc =50 A Is= 1 A 
Saturation Voltage lc =50 A Is= 1 A T1 = 100 °C 

lc = 60 A le = 2.4 A 
lc = 60 A le = 2.4 A T1 = 100 °C 

VeE(sat)* Base-Emitter lc = 60 A Is= 2.4 A 
Saturation Voltage lc = 60 A le = 2.4 A T1 = 100 °C 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 tp = 3 JlS 
On-state Collector let= 3.6 A Ti = 100 °C 

VcE(3 JlS) Collector-Emitter Vee= 300 V Rc = 5 n 
Dynamic Voltage let= 3.6 A T1 = 100 °C 

VcE(5 JlS) Collector-Emitter Vee= 300 V Rc = 5 n 
Dynamic Voltage let= 3.6 A T1 = 100 °C 

Is Storage Time lc = 60 A Vee= 50 V 
tr Fall Time Vee= -5 V Res= 0.3 n 
lc Cross-over Time Vctamp = 450 V let = 2.4 A 

L = 0.04 mH T1 = 100 °C 

VcEw Maximum Collector lcwoff = 72 A let= 2.4 A 
Emitter Voltage Vee= -5 V Vee= 50 V 
Without Snubber L = 35 JlH Res= 0.3 n 

T1 = 125 °C 

• Pulsed: Pulse duration = 300 flS, duty cycle 1.5 % 
# See test circuits in databook introduction 

Min. 

450 

450 

450 

0.5 °C/W 

0.05 °C/W 

Typ. Max. Unit 

1.5 rnA 
22 rnA 

1 rnA 
15 rnA 

1 rnA 

v 

150 

1.2 v 
1.6 2 v 
1.3 v 
1.55 2 v 
2.1 v 
2.15 3 v 
500 A/JlS 

4 7 v 

2.5 4 v 

4.6 6 JlS 
0.4 0.6 JlS 
1.2 2 JlS 

v 
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Safe Operating Areas 
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ESM6045AF/AV 

Reverse Biased SOA 
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DC Current Gain 
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ESM6045DF 
ESM6045DV 

NPN DARLINGTON POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ULTRAFAST FREEWHEELING DIODE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS ESM6045DV ESM6045DF 
• DC/DC & DC/AC CONVERTERS 
• WELDING EQUIPMENT ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

SCO.t750 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vcev Collector-Emitter Voltage (Vse = -5 V) 600 v 
VcEO{sus) Collector-Emitter Voltage (Is= 0) 450 v 

Veso Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 84 A 

lcM Collector Peak Current (tp = 1 0 ms) 126 A 

Is Base Current 8 A 

IsM Base Peak Current (lp = 10 ms) 16 A 

Ptot Total Dissipation at Tc = 25 °C 250 w 
Tstg Storage Temperature -55 to 150 oc 

Tt Max. Operating Junction Temperature 150 oc 
Vtso Insulation Withstand Voltage (AC-RMS) 2500 v 
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ESM6045DF/DV 

THERMAL DATA 

Rthj-case Thermal Resistance Junction-case (transistor) Max 
Rthj-case Thermal Resistance Junction-case (diode) Max 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= VcEv 
Current (RsE = 5 Q) VeE= VcEv Ti = 100 °C 

lcEV # Collector Cut-off VeE= VcEv 
Current (VsE = -5) VeE= VcEV T1 = 100 °C 

lEBO# Emitter Cut-off Current VEs = 5 V 
(lc = 0) 

VcEO(SUSI * Collector-Emitter lc = 0.2 A L = 25 mH 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 70 A VeE= 5 V 

VcE(sat)* Collector-Emitter lc =50 A Is= 1 A 
Saturation Voltage lc =50 A Is= 1 A T1 = 100 °C 

lc = 70 A Is= 4 A 
lc = 70 A Is= 4 A T1 = 100 °C 

VsE(sat)* Base-Emitter lc = 70 A Is= 4 A 
Saturation Voltage lc = 70 A Is= 4 A T1 = 100 °C 

dic/dt Rate of Rise of Vcc=300V Rc = o lp = 3 J.lS 
On-state Collector ls1 = 1.5 A T1 = 100 °C 

VcE(3 J.lS) Collector-Emitter Vee= 300 V Rc = 6 Q 
Dynamic Voltage ls1 = 1.5 A T1 = 100 °C 

VcE(5 J.lS) Collector-Emitter Vee= 300 V Rc = 6 Q 
Dynamic Voltage ls1 = 1.5 A T1 = 100 °C 

Is Storage Time lc =50 A Vee= 50 V 
!1 Fall Time Vss = -5 V Rss = 0.3 Q 
lc Cross-over Time V clamp = 450 V 1st= 1 A 

L = 0.05 mH T1 = 100 °C 

VcEw Maximum Collector lcwoff = 84 A ls1 = 4 A 
Emitter Voltage Vss = -5 V Vee= 50 V 
Without Snubber L = 0.03 mH Rss=0.3Q 

T1 = 125 °C 

VF* Diode Forward Voltage IF= 70 A Tr = 100 °C 

IRM Reverse Recovery Vcc=200V IF= 70 A 
Current diF/dt = -375 A/J.lS L<0.05J.lH 

T1 = 100 °C 

* Pulsed: Pulse duration = 300 ~s. duty cycle 1.5% 
#See test ctrcuits in databook introductton 
To evaluate the conduction losses of the diode use the following equations: 
VF = 1.5 + 0.0055 IF p = 1.5 IF(AV) + 0.0055 12 F(RMS) 
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ESM6045DF/DV 

Reverse Biased SOA 

CCI 5150 
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DC Current Gain 
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ESM6045DF/DV 

Turn-off Switching Test Circuit Turn-off Switching Waveforms 
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ESM7545DF 
ESM7545DV 

NPN DARLINGTON POWER MODULE 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ULTRAFAST FREEWHEELING DIODE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS ESM7545DV ESM7545DF 
• WELDING EQUIPMENT 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

3 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEV Collector-Emitter Voltage (VsE = -5 V) 600 v 
VcEO(sus) Collector-Emitter Voltage (Is= 0) 450 v 

VEBO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 75 A 

lcM Collector Peak Current (tp = 10 ms) 112 A 

Is Base Current 5 A 

IsM Base Peak Current (tp = 10 ms) 7 A 

Ptot Total Dissipation at Tc = 25 °C 250 w 
Tstg Storage Temperature -55 to 150 oc 

T, Max. Operating Junction Temperature 150 oc 

Vtso Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/6 
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ESM7545DF/DV 

THERMAL DATA 

Rthj-case Thermal Resistance Junction-case (transistor) Max 0.5 °C/W 
RthJ·case Thermal Resistance Junction-case (diode) Max 1.1 °C/W 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leER# Collector Cut-off VeE= VeEv 2 mA 
Current (RsE = 5 Q) VeE= VeEV T1 = 100 °C 25 mA 

icEV # Collector Cut-off VeE= VeEv 2 mA 
Current (VsE = -5) VeE= VcEv T1 = 100 °C 25 mA 

lEBO# Emitter Cut-off Current VEB = 5 v 200 mA 
(lc = 0) 

VeEo(sus)* Collector-Emitter lc = 0.2 A L = 25 mH 450 v 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 75 A VeE= 5 V 500 

VeE(sat)* Collector-Emitter le =50 A Is= 1 A 1.3 v 
Saturation Voltage lc =50 A Is= 1 A T1 =100°C 1.5 2.7 v 

lc = 75 A ls=1.5A 1.5 v 
lc = 75 A Is= 1.5 A T1 = 100 °C 2.5 5 v 

VsE(sat)* Base-Emitter le =50 A Is= 1 A 2 v 
Saturation Voltage lc =50 A Is= 1 A T1 = 100 °C 1.9 2.6 v 

lc = 75 A Is= 1.5 A 2.3 v 
lc = 75 A ls=1.5A T1 = 100 oC 2.4 3.8 v 

dic/dt Rate of Rise of Vcc=300V Re = 0 tp = 3 J.LS 300 AIJ.LS 
On-state Collector 1st = 1.5 A T1 = 100 °C 

VeE(3 J.LS) Collector-Emitter Vee= 300 V Rc = 4 Q 6 9 v 
Dynamic Voltage lst=1.5A TJ = 100 °C 

VcE(5 J.LS) Collector-Emitter Vee= 300 V Rc = 4 Q 3.6 6 v 
Dynamic Voltage lst=1.5A r1 = 100 oc 

Is Storage Time lc = 75 A Vee= 50 V 5 8 J.LS 
It Fall Time lst=1.5A ls2 = -4 A 0.8 1.5 J.LS 
tc Cross-over Time V clamp = 400 V Rss = 0.3 Q J.LS 

L =50 J.LH T1 = 100 °C 

VcEw Maximum Collector lcwott = 75 A 1st= 1.5 A 450 v 
Emitter Voltage Vee= 50 V ls2 = -4 A 
Without Snubber L =50 J.LH Rss = 0.3 Q 

T1 = 125 °C 

VF* Diode Forward Voltage IF= 75 A TJ = 100 °C 2 v 
iRM Reverse Recovery Vcc=200V IF= 30 A 45 A 

Current diF/dt = 375 A/J.LS L <50 nH 
TJ = 100 °C 

* Pulsed: Pulse duration = 300 ftS, duty cycle 1.5% 
To evaluate the conduction losses of the diode use the following equations: 
v, = 0.66 + 0.0034 IF p = 0.66 IF(AV) + 0.0034 12F(RMS) 

#See test circuits in databook introduction 
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ESM7545DF/DV 

Reverse Biased SOA 
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DC Current Gain 
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ESM7545DF/DV 

Turn-off Switching Test Circuit 
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ESMT5070DF 
ESMT5070DV 

NPN THREE STAGE DARLINGTON 
POWER MODULE 

ADVANCE DATA 

• HIGH CURRENT POWER BIPOLAR MODULE 
• VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ULTRAFAST FREEWHEELING DIODE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS ESMT5070DV ESMT5070DF 
• WELDING EQUIPMENT 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VsE = -5 V) 1000 v 
VcEO(sus) Collector-Emitter Voltage (Is= 0) 700 v 

VESO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 50 A 

lcM Collector Peak Current (tp = 10 ms) 75 A 

Is Base Current 5 A 

IsM Base Peak Current (tp = 1 0 ms) 7 A 

Ptot Total Dissipation at Tc = 25 °C 300 w 
Tstg Storage Temperature -55 to 150 oc 

T, Max. Operating Junction Temperature 150 oc 

V1s0 Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/2 
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ESMT5070DF/DV 

THERMAL DATA 

RthJ-case Thermal Resistance Junction-case (transistor) Max 0.41 °C/W 
RthJ·Case Thermal Resistance Junction-case (diode) Max 1.1 °C/W 

Rthc-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leER Collector Cut-off VeE= VcEv 2 mA 
Current (RsE = 5 Q) VeE= VcEv T1 = 100 °C 25 mA 

lcEV Collector Cut-off VeE= VcEv 2 mA 
Current (VsE = -5) VeE= VcEv T1 = 100 °C 25 mA 

lEBO Emitter Cut-off Current VEB = 5 V 200 mA 
(lc = 0) 

VcEO(SUS) . Collector-Emitter lc = 0.2 A L = 25 mH 700 v 
Sustaining Voltage V clamp = 700 V 

hFE* DC Current Gain lc =50 A VeE= 4 V 200 

VcE(sat)* Collector-Emitter lc = 30 A Is= 0.3 A 2.6 v 
Saturation Voltage lc = 30 A Is= 0.3 A T1 = 100 °C 2.8 3.5 v 

lc =50 A Is= 0.5 A 3 v 
lc =50 A Is= 0.5A Tj=100°C 10 v 

VsE(sat)* Base-Emitter lc = 30 A Is= 0.3 A 2.6 v 
Saturation Voltage lc = 30 A Is= 0.3 A T1 = 100 °C 2.8 3.2 v 

lc =50 A Is= 0.5 A 2.9 v 
lc =50 A Is= 0.5 A T1 = 100 oC 3.1 4 v 

dic/dt Rate of Rise of Vcc=300V Rc = 0 tp = 3 llS 300 A/115 
On-state Collector ls1 = 0.5 A Ti = 100 °C 

VcE(3 llS) Collector-Emitter Vee= 300 V Rc = 6 Q 10 v 
Dynamic Voltage ls1 = 0.75 A T1 = 100 °C 

VcE(5 llS) Collector-Emitter Vee= 300 V Rc = 6 Q 5 v 
Dynamic Voltage ls1 = 0.75 A T1 = 100 °C 

Is Storage Time lc =50 A Vee= 50 V 14 llS 
!1 Fall Time ls1 = 0.5 A ls2 = -0.5 A 1.5 llS 
lc Cross-over Time Rss = 10 Q Vclamp = 400 V 5.5 llS 

L = 40 11H T1 = 100 °C 

VcEw Maximum Collector lcwoff =50 A Vee= 50 V 600 v 
Emitter Voltage ls1 = 0.5 A ls2 = -0.5 A 
Without Snubber L = 40 11H Rss = 10 Q 

T1 = 125 °C 

VF* Diode Forward Voltage IF= 50 A T1 = 100 °C 2 v 
IRM Reverse Recovery Vcc=200V IF= 35 A 24 A 

Current diF/dt = 200 AfllS L <50 nH 
T1 = 100 °C 

* Pulsed: Pulse duratton = 300 f!S, duty cycle 1.5% 
To evaluate the conductiOn losses of the dtode use the following equatiOns. 
VF = 1.1 + 0.006 IF p = 1.1 IF{AV) + 0.006 12F{RMS) 
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STF4045AF 
STF4045AV 

NPN DARLINGTON POWER MODULE 

• EASY TO DRIVE TECHNOLOGY (ETD) 
• HIGH CURRENT POWER BIPOLAR 
• MODULE VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS STF4045AV STF4045AF 
• WELDING EQUIPMENT 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

3 

2 

4 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VeE = -5 V) 1000 v 
VcEO(sus) Collector-Emitter Voltage (Is = 0) 450 v 

VEBO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 36 A 

lcM Collector Peak Current (tp = 10 ms) 54 A 

Is Base Current 4 A 

IsM Base Peak Current (tp = 10 ms) 8 A 

Ptot Total Dissipation at Tc = 25 °C 150 w 
Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 

June 1990 1/5 
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STF4045AF/AV 

THERMAL DATA 

I 
Rthj-case ~Thermal Resistance Junction-case (transistor) 

Rthc-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 

Max I 
Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= VcEv 
Current (RaE = 5 Q) VeE= VcEv T1 = 100 °C 

lcEV # Collector Cut-off VeE= VcEv 
Current (VsE = -5) VeE= VcEv T1 = 100 °C 

lEBO# Emitter Cut-off Current VEB = 5 V 
(lc = 0) 

VcEO(sus)* Collector-Emitter lc = 0.2 A L = 25 mH 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 30 A VeE= 5 V 

VcE(sat)* Collector-Emitter lc = 25 A Is= 0.5 A 
Saturation Voltage lc = 25 A Is= 0.5 A T1 = 100 °C 

lc = 30 A Is= 1.2 A 
lc = 30 A Is= 1.2 A T1 = 100 °C 

VsE(sat)* Base-Emitter · lc = 30 A Is= 1.2 A 
Saturation Voltage lc = 30 A Is= 1.2 A T1 = 100 °C 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 lp = 3 J.LS 
On-state Collector 1st= 1.8 A T1 = 100 °C 

Vce(3 J.LS) Collector-Emitter Vee= 300 V Rc = 12 Q 
Dynamic Voltage 1st= 1.8 A Tj = 100 °C 

Vce(5 J.LS) Collector-Emitter Vee= 300 V Rc = 12 Q 
Dynamic Voltage 1st= 1.8 A T1 = 100 °C 

Is Storage Time lc = 30 A Vee= 50 V 
It Fall Time Vas= -5 V Rss = 0.6 Q 
lc Cross-over Time V clamp = 450 V 1st= 1.2 A 

L = 80 J.LH Tj = 100 °C 

Is Storage Time lc = 30 A Vee= 50 V 
It Fall Time Vas= 0 V Rss = 0.6 Q 
lc Cross-over Time V clamp = 450 V 1st= 1.2 A 

L = 80 J.LH T1 = 100 °C 

VcEw Maximum Collector lcwott = 36 A 1st= 1.2 A 
Emitter Voltage Vas= -5 V Vee= 50 V 
Without Snubber L = 70 J.LH Rss = 0.6 Q 

Tj = 125 °C 

* Pulsed: Pulse duration = 300 f!S, duty cycle 1.5% 
#See test circuits in databook introduction 

Min. 

450 

240 

400 

0.83 

0.05 

Typ. Max. Unit 

1 mA 
2 mA 

1 mA 
2 mA 

1 mA 

v 

300 

1.2 v 
1.3 2 v 
1.3 v 

1.45 2 v 
2.1 v 
2.1 3 v 

A/J.LS 

3 5 v 

2 3 v 

3.6 5 J.LS 
0.16 0.3 J.LS 
0.7 1.4 J.LS 

5.4 J.LS 
0.35 J.LS 
1.4 J.LS 

v 
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Safe Operating Areas 
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STF4045AF/AV 

Reverse Biased SOA 
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DC Current Gain 
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STF4045DF 
STF4045DV 

NPN DARLINGTON POWER MODULE 

• EASY TO DRIVE TECHNOLOGY (ETD) 
• HIGH CURRENT POWER BIPOLAR 
• MODULE VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ULTRAFAST FREEWHEELING DIODE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL STF4045DV STF4045DF 
• SMPS & UPS 
• WELDING EQUIPMENT ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

2 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VsE = -5 V) 600 v 
VcEO(sus) Collector-Emitter Voltage (Is = 0) 450 v 

VESO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 42 A 

lcM Collector Peak Current (tp = 1 0 ms) 63 A 

Is Base Current 4 A 

IsM Base Peak Current (tp = 10 ms) 8 A 

Ptot Total Dissipation at Tc = 25 °C 150 w 
Tstg Storage Temperature -55 to 150 oc 

TJ Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 

June 1990 1/6 
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STF4045DF/DV 

THERMAL DATA 

Rthl·case Thermal Resistance Junction-case (transistor) Max 
Rth1-case Thermal Resistance Junction-case (diode) Max 

Rthc-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= VcEv 
Current {RsE = 5 Q) VeE= VcEv T1 = 100 °C 

lcEV # Collector Cut-off VeE= VcEv 
Current (VsE = -5) VeE= VcEv T1 = 100 °C 

lEBO# Emitter Cut-off Current VEB = 5 V 
(lc = 0) 

VcEO(sus) . Collector-Emitter lc = 0.2 A L = 25 mH 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 35 A VeE= 5 V 

VcE(sat)* Collector-Emitter lc = 25 A Is= 0.5 A 
Saturation Voltage lc = 25 A Is= 0.5 A TJ = 100 °C 

lc = 35 A Is= 2 A 
lc = 35 A Is= 2 A T1=100°C 

VsE(sat)* Base-Emitter lc = 35 A Is= 2 A 
Saturation Voltage lc = 35 A Is= 2 A TJ = 100 °C 

dic/dt Rate of Rise of Vcc=300V Rc = 0 lp = 3 JlS 
On-state Collector 1st = 0.75 A Ti = 100 °C 

VcE(3 JlS) Collector-Emitter Vee= 300 V Rc = 12 n 
Dynamic Voltage let = 0.75 A TJ = 100 °C 

VcE(5 JlS) Collector-Emitter Vee= 300 V Rc = 12 n 
Dynamic Voltage let = 0.75 A TJ=100°C 

Is Storage Time lc = 25 A Vee= 50 V 
It Fall Time Vas= -5 V Res= 0.6 n 
!c Cross-over Time V clamp = 450 V let = 0.5 A 

L=0.1 mH TJ = 100 °C 

Is Storage Time lc = 25 A Vee= 50 V 
It Fall Time Vss = 0 V Rss = 0.6 n 
!c Cross-over Time V clamp = 450 V let = 0.5 A 

L=0.1 mH T1 =100°C 

VcEw Maximum Collector lcwoff = 42 A let= 2 A 
Emitter Voltage Vas= -5 V Vee= 50 V 
Without Snubber L = 60 JlH Res= 0.6 n 

T1 = 125 °C 

VF* Diode Forward Voltage IF= 35 A T1 = 100 °C 

lAM Reverse Recovery Vcc=200V IF= 35 A 
Current diFidt = -200 A/jls L < 0.05 JlH 

T1 = 100 °C 

• Pulsed: Pulse durat1on = 300 ~s. duty cycle 1.5% 
#See test circuits 1n databook introduction 
To evaluate the conduction losses of the d1ode use the following equations: 
VF = 1.1 + 0.007 IF p = 1.1 IF(AV) + 0.007 12F(RMSI 

Min. 

450 

200 

400 

0.83 °C/W 
1.5 °C/W 

0.05 °C/W 

Typ. Max. Unit 

1 mA 
7 mA 

1 mA 
7 mA 

1 mA 

v 

300 

1.2 v 
1.3 2 v 
1.4 v 
1.4 2 v 
2.3 v 
2.3 3 v 

A/jlS 

2 4 v 

1.6 3 v 

3 4.5 jlS 
0.1 0.3 JlS 
0.3 1 jlS 

5.4 jlS 
0.22 jlS 
0.6 jlS 

v 

1.85 v 
24 A 
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Safe Operating Areas 
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STF4045DF/DV 

Reverse Biased SOA 

CC1<4-450 
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DC Current Gain 
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STF4045DF/DV 

Turn-off Switching Test Circuit Turn-off Switching Waveforms 
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STF6045AF 
STF6045AV 

NPN DARLINGTON POWER MODULE 

• EASY TO DRIVE TECHNOLOGY (ETD) 
• HIGH CURRENT POWER BIPOLAR 
• MODULE VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS STF6045AV STF6045AF 
• WELDING EQUIPMENT 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

3 

2 

4 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VsE = -5 V) 1000 v 
VcEO(sus) Collector-Emitter Voltage (Is = 0) 450 v 

VEBO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 72 A 

lcM Collector Peak Current (tp = 10 ms) 108 A 

Is Base Current 8 A 

IsM Base Peak Current (tp = 10 ms) 16 A 

Ptot Total Dissipation at Tc = 25 °C 250 w 
Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

V1s0 Insulation Withstand Voltage (AC-RMS) 2500 v 

June 1990 1/5 
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STF6045AF/AV 

THERMAL DATA 

RthJ·case Thermal Resistance Junction-case (transistor) Max 
Rthc-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= VcEv 
Current (RBE = 5 0) VeE= VcEv Ti = 100 °C 

ICEV # Collector Cut-off VeE= Vcr:.v 
Current (VeE = -5) VeE= VcEv T1 = 100 °C 

lEBO# Emitter Cut-off Current VEe= 5 V 
(lc = 0) 

VcEO(sus)* Collector-Emitter ic = 0.2 A L = 25 mH 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 60 A VeE= 5 V 

VcE(sat)* Collector-Emitter lc =50 A Is= 1 A 
Saturation Voltage lc =50 A Is= 1 A T1 = 100 °C 

ic = 60 A is= 2.4 A 
lc = 60 A Is= 2.4 A Tj = 100 °C 

VBE(sat)* Base-Emitter ic = 60 A Is= 2.4 A 
Saturation Voltage lc = 60 A is= 2.4 A T1 = 100 °C 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 lp = 3 (.J.S 
On-state Collector let= 3.6 A T1 = 100 °C 

VcE(3 f!S) Collector-Emitter Vee= 300 V Rc = 5 n 
Dynamic Voltage let= 3.6 A T1 = 100 °C 

VcE(5 (.l.S) Collector-Emitter Vee= 300 V Rc = 5 n 
Dynamic Voltage let = 3.6 A T1 =100°C 

Is Storage Time lc = 60 A Vee= 50 V 
(f Fall Time Vee= -5 V Res= 0.3 n 
lc Cross-over Time V clamp = 400 V let= 2.4 A 

L = 40 (.l.H T1 = 100 °C 

Is Storage Time lc = 60 A Vee= 50 V 
It Fall Time Vee= 0 V Res= 0.3 n 
lc Cross-over Time V clamp = 400 V let = 2.4 A 

L = 40 !!H T1 = 100 °C 

VcEw Maximum Collector lcwoff = 72 A let= 2.4 A 
Emitter Voltage Vee= -5 V Vee= 50 V 
Without Snubber L = 35 f!H Rae= 0.3 n 

T1 = 125 °C 

• Pulsed: Pulse duratiOn = 300 (.l.S. duty cycle 1.5% 
# See test circuits m databook mtroduction 

Min. 

450 

200 

400 

0.5 °C/W 

0.05 °C/W 

Typ. Max. Unit 

1 rnA 
5 rnA 

1 rnA 
5 rnA 

1 rnA 

v 

180 

1.2 v 
1.6 2 v 
1.3 v 
1.55 2 v 
2.1 v 
2.15 3 v 

A/(.l.s 

2.7 5 v 

2 3 v 

3.5 6 (.l.S 
0.17 0.4 (.l.S 
0.55 1.4 f!S 

6 (.l.S 
0.44 I!S 
1.1 f!S 

v 
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Safe Operating Areas 
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STF6045AF/ A V 

Reverse Biased SOA 
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DC Current Gain 
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STF6045DF 
STF6045DV 

NPN DARLINGTON POWER MODULE 

• EASY TO DRIVE TECHNOLOGY (ETD) 
• HIGH CURRENT POWER BIPOLAR 
• MODULE VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ULTRAFAST FREEWHEELING DIODE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL STF6045DV STF6045DF 
• SMPS & UPS 
• WELDING EQUIPMENT ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

2 

4 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEv Collector-Emitter Voltage (VsE = -5 V) 600 v 
VcEO(sus) Collector-Emitter Voltage (Is= 0) 450 v 

VEBO Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 84 A 

lcM Collector Peak Current (tp = 1 0 ms) 120 A 

Is Base Current 8 A 

IsM Base Peak Current (tp = 10 ms) 16 A 

Ptot Total Dissipation at Tc = 25 °C 250 w 
Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

Vtso Insulation Withstand Voltage (AC-RMS) 2500 v 
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STF6045DF/DV 

THERMAL DATA 

RthJ·case Thermal Resistance Junction-case (transistor) Max 
Rth)·case Thermal Resistance Junction-case (diode) Max 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off Vee= Vcev 
Current (Rse = 5 Q) Vee= Vcev T1 = 100 °C 

lcev # Collector Cut-off Vee= Vcev 
Current (Vee = -5) Vee= Vcev T1 = 100 °C 

lEBO# Emitter Cut-off Current Vee= 5 V 
(lc = 0) 

VcEO(sus)* Collector-Emitter lc = 0.2 A L = 25 mH 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain le = 70 A Vee= 5 V 

VeE(sat)• Collector-Emitter le =50 A Is= 1 A 
Saturation Voltage le =50 A Is= 1 A T1 = 100 °C 

le = 70 A Is= 4 A 
lc = 70 A Is= 4 A T1 = 100 °C 

VsE(sat)* Base-Em1tter le = 70 A Is= 4 A 
Saturation Voltage le = 70 A Is= 4 A T1 = 100 °C 

die/dt Rate of Rise of Vee= 300 V Rc = 0 lp = 3 J.LS 
On-state Collector ls1 = 1.5 A T1 = 100 °C 

Vee(3 J.LS) Collector-Emitter Vee= 300 V Re = 6 n 
Dynamic Voltage ls1 = 1.5 A T1 = 100 °C 

Vce(5 J.LS) Collector-Emitter Vee= 300 V Rc = 6 Q 
Dynamic Voltage ls1 = 1.5 A T1 = 100 °C 

Is Storage Time le =50 A Vee= 50 V ,, Fall Time Vss = -5 V Res= 0.6 n 
lc Cross-over Time Vciamp = 400 V ls1 = 1A 

L =50 J.LH T1 = 100 °C 

Is Storage Time le =50 A Vee= 50 V ,, Fall Time Vss = 0 V Res= 0.6 Q 
lc Cross-over Time Vciamp = 400 V ls1 = 1A 

L =50 J.LH T1 = 100 °C 

Veew Maximum Collector lewoff = 80 A IB1 = 4 A 
Emitter Voltage Vss = -5 V Vee= 50 V 
Without Snubber L = 30 J.LH Res= 0.3 Q 

T1 = 125 °C 

VF* Diode Forward Voltage IF= 70 A T1 = 100 °C 

IRM Reverse Recovery Vee= 200 V IF= 70 A 
Current diF/dt = -375 A/J.LS L < 0.05 nH 

T1 = 100 °C 

• Pulsed: Pulse duration ~ 300 f!S, duty cycle 1.5 % 
# See test circuits in databook introduction 
To evaluate the conduction losses of the diode use the following equations: 
VF ~ 1.1 + 0.007 IF p ~ 1.1 IF(AVJ + 0.007 12F(RMSJ 

Min. 

450 

375 

400 

0.5 °C/W 
1.5 °C/W 

0.05 °C/W 

Typ. Max. Unit 

1 mA 
15 mA 

1 rnA 
15 mA 

1 mA 

v 

160 

1.2 v 
1.3 2 v 
1.4 v 
1.5 2 v 
2.3 v 
2.3 3 v 

A/J.LS 

4 7 v 

2 3 v 

3.2 5 J.LS 
0.15 0.4 J.LS 
0.5 1.2 J.lS 

4.8 J.LS 
0.35 J.lS 
1.1 J.LS 

v 

1.9 v 
45 A 
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Safe Operating Areas 
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STF6045DF/DV 

Reverse Biased SOA 
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DC Current Gain 

OCI4740 

TJ -125"C 

I 
-40°C 1-- I"~ , 25°C 

""l"ii ... ~ ::::-~ 

VeE =5V 

20 40 60 80 lc (A) 

Peak Reverse Current Versus diF/dt 

GC1«90 

I 
I 

40 
I 

1r=70A 'fJ 

30 I 

I I 
I 

1// , 20 

If 

35A I 
I 

10 

~ 

1 o' di,jdt(A/JLs) 

Turn-on Switching Waveforms 

VeE 
lVI 

2V 

le i3~s,-
!Ali Sps 

0.916 

1 ,._ 
I 

SC-0352 

STF6045DF/DV 

Typical VF Versus IF 

Vr(V ) 

2.2 

2 

1.8 
T = -40°C ~!:;iii"'" 

~ ~ 2' 
~ V12S"c 

1.6 

1.4 
.,.-::'{ 

25"C 
1.2 I 

0 20 40 60 80 1 00 

Turn-on Switching Test Circuit 

I c 
IAI 

GC147~0 

I r (A) 

d lc/d t=0.9lcsatlt, 

''] 
-t, -
r IAI 

SC-0353 t 

- ----------- ~ SliS·ntOMSON ------------516 
A."'f/ ljifi©~©~~rn©~~©li!n©~ 

311 



STF6045DF/DV 

Turn-off Switching Test Circuit 
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STF8045AF 
STF8045AV 

NPN DARLINGTON POWER MODULE 

• EASY TO DRIVE TECHNOLOGY (ETD) 
• HIGH CURRENT POWER BIPOLAR 
• MODULE VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• SMPS & UPS STF8045AV STF8045AF 
• WELDING EQUIPMENT 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

3 

2 

4 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vcev Collector-Emitter Voltage (Vee = -5 V) 1000 v 
VcEO(sus) Collector-Emitter Voltage (Is = 0) 450 v 

Veso Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 100 A 

lcM Collector Peak Current (tp = 10 ms) 150 A 

Is Base Current 10 A 

IsM Base Peak Current (tp = 10 ms) 20 A 

Ptot Total Dissipation at Tc = 25 °C 270 w 
Tstg Storage Temperature -55 to 150 oc 

Tj Max. Operating Junction Temperature 150 oc 

Vtso Insulation Withstand Voltage (AC-RMS) 2500 v 
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STF8045AF/AV 

THERMAL DATA 

Rthj-case Thermal Resistance Junction-case (transistor) Max 
Rthc-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= VcEv 
Current (RsE = 5 Q) VeE= VcEv TJ = 100 °C 

icEV # Collector Cut-off VeE= VeEv 
Current (VsE = -5) VeE= VcEv TJ = 100 °C 

lEBO# Emitter Cut-off Current VEB = 5 V 
(le = 0) 

VcEO(sus) • Collector-Emitter lc = 0.2 A L = 25 mH 
Sustaining Voltage Vcramp = 450 V 

hFE* DC Current Gain le = 72 A VeE= 5 V 

VeE(sat)* Collector-Emitter le = 60 A Is= 1.2 A 
Saturation Voltage le = 60 A Is= 1.2 A TJ = 100 °C 

le = 72 A Is= 2.9 A 
lc = 72 A Is= 2.9 A TJ = 100 °C 

VsE(sat)* Base-Emitter le = 72 A Is= 2.9 A 
Saturation Voltage lc = 72 A Is= 2.9 A T1 =i00°C 

dic/dt Rate of Rise of Vee= 300 V Rc = 0 tp = 3 j.lS 
On-state Collector ls1 = 5 A T1 = i 00 °C 

VcE(3 J.lS) Collector-Emitter Vee= 300 V Rc = 3.7 n 
Dynamic Voltage ls1 = 5 A T1 = iOO °C 

VcE(5 J.lS) Collector-Emitter Vee= 300 V Rc = 3.7 n 
Dynamic Voltage ls1 = 5 A T1 = i 00 °C 

Is Storage Time lc = 72 A Vee= 50 V 
It Fall Time Vss = -5 V Rss = 0.3 n 
tc Cross-over Time Vcramp = 400 V ls1 = 3 A 

L =50 J.lH T1 = i 00 °C 

Is Storage Time lc = 72 A Vee= 50 V 
It Fall Time Vss = 0 V Rss = 0.3 n 
lc Cross-over Time V clamp = 400 V ls1 = 3 A 

L =50 J.lH T1 = i 00 °C 

VcEw Maximum Collector lcwoff = 86 A ls1 = 3.3 A 
Emitter Voltage Vss = -5 V Vee= 50 V 
Without Snubber L = 35 J.lH Rss = 0.3 n 

T1 = 125 °C 

* Pulsed: Pulse duration= 300 f.lS, duty cycle 1.5% 
#See test Circuits in databook introduction 

Min. 

450 

375 

400 

0.45 °C/W 

0.05 °C/W 

Typ. Max. Unit 

1 mA 
5 mA 

1 mA 
5 mA 

1 mA 

v 

190 

1.5 v 
1.6 2 v 
1.6 v 
1.7 2 v 
2. i v 
2.2 3 v 

A/J.lS 

4 7 v 

2 3 v 

4.5 6 J.lS 
0.3 0.6 J.lS 
1.2 1.6 J.lS 

6.5 j.lS 
0.66 J.lS 
2.4 J.lS 

v 
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Safe Operating Areas 
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STF8045AF/ AV 

Reverse Biased SOA 
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DC Current Gain 
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STF8045DF 
STF8045DV 

NPN DARLINGTON POWER MODULE 

• EASY TO DRIVE TECHNOLOGY (ETD) 
• HIGH CURRENT POWER BIPOLAR 
• MODULE VERY LOW Rth JUNCTION CASE 
• SPECIFIED ACCIDENTAL OVERLOAD 

AREAS 
• ULTRAFAST FREEWHEELING DIODE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL STF8045DV STF8045DF 
• SMPS& UPS 
• WELDING EQUIPMENT ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vcev Collector-Emitter Voltage (Vee = -5 V) 600 v 
Vceo(sus) Collector-Emitter Voltage (Is= 0) 450 v 

Veso Emitter-Base Voltage (lc = 0) 7 v 
lc Collector Current 100 A 

lcM Collector Peak Current (tp = 10 ms) 150 A 

Is Base Current 10 A 

IsM Base Peak Current (tp = 10 ms) 20 A 

Ptot Total Dissipation at Tc = 25 °C 270 w 
Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 
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STF8045DF/DV 

THERMAL DATA 

RthJ·Case Thermal Resistance Junction-case (transistor) Max 
Rthj·case Thermal Resistance Junction-case (diode) Max 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= VcEv 
Current (RaE = 5 Q) VeE= VcEv T1 = 100 °C 

lcEV # Collector Cut-off VeE= VcEv 
Current (VsE = -5) VeE= VcEV Tj = 100 °C 

lEBO# Emitter Cut-off Current YES= 5 V 
(lc = 0) 

VcEO(sus) * Collector-Emitter lc = 0.2 A L = 25 mH 
Sustaining Voltage V clamp = 450 V 

hFE* DC Current Gain lc = 85 A VeE= 5 V 

VcE(sat)* Collector-Emitter lc = 60 A ls=1.2A 
Saturation Voltage lc = 60 A ls=1.2A T1 =100°C 

lc = 85 A Is= 4.9 A 
lc = 85 A Is= 4.9 A T1 =100°C 

VsE(sat)* Base-Emitter lc = 85 A Is= 4.9 A 
Saturation Voltage lc = 85 A Is= 4.9 A T1 = 100 °C 

dic/dt Rate of Rise of Vcc=300V Rc = o tp = 3 f!S 
On-state Collector 1st= 5 A T1 = 100 °C 

VcE(3 f!S) Collector-Emitter Vee= 300 V Rc = 3.7 Q 
Dynamic Voltage 1st= 5 A T1 = 100 °C 

VcE(5 J.lS) Collector-Emitter Vee= 300 V Rc = 3.7 Q 
Dynamic Voltage 1st= 5 A T1 = 100 °C 

Is Storage Time lc = 60 A Vee= 50 V 
It Fall Time Vas= -5 V Rss=0.3Q 
lc Cross-over Time V clamp = 400 V 1st = 1.2 A 

L =50 [!H T1 = 100 °C 

Is Storage Time lc = 60 A Vee= 50 V 
It Fall Time Vas= 0 V Rss = 0.3 Q 
lc Cross-over Time V clamp = 400 V 1st = 1.2 A 

L =50 [!H Tt = 100 °C 

VcEw Maximum Collector lcwoff = 86 A 1st = 5.6 A 
Emitter Voltage Vas= -5 V Vee= 50 V 
Without Snubber L = 30 [!H Rss = 0.3 Q 

T1 = 125 °C 

VF* Diode Forward Voltage IF= 86 A Tj = 100 °C 

IRM Reverse Recovery Vcc=200V IF= 86 A 
Current diFidt = -375 A/J.lS L < 0.05 J.!H 

T1 = 100 °C 

* Pulsed: Pulse duration= 300 flS, duty cycle t.S% 
#See test circuits tn databook introductton 
To evaluate the conduction losses of the diode use the following equations: 
v, = t t + 0.007 I, p = t t IF(AV) + 0.007 12 F(RMS) 

Min. 

450 

375 

450 

0.45 °C/W 
1.2 °C/W 

0.05 °C/W 

Typ. Max. Unit 

1 mA 
15 mA 

1 mA 
15 mA 

1 mA 

v 

150 

1.2 v 
1.3 2 v 
1.4 v 
1.5 2 v 
2.3 v 
2.3 3 v 

A/[!S 

4 7 v 

2 3 v 

5 5.5 J.lS 
0.25 0.5 J.lS 
1.3 1.6 [!S 

7.5 J.lS 
0.55 [!S 
2.6 [!S 

v 

1.9 v 
48 A 

2/6 
----------------------------J:~J ~~~;~~~:~~~ ----------------------------
320 



Safe Operating Areas 
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STF8045DF/DV 

Reverse Biased SOA 
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DC Current Gain 

GC14780 

sr.., TJ 125°C 

~ 

zs•c ~ 
::::::~ 

-4o"c j;;;:r;:: ~~-- ~f.. ::::to-

VcE=SV 

20 40 60 80 lc (A) 

Peak Reverse Current Versus diF/dt 

40 

30 

20 

10 

0 
10° 10 1 

GCt J.90 • 
1111 
II II 

lr=70A fJ. 

7fT 
I 

rT 
I 

35A 

di,jdt(A/J.Ls) 

Turn-on Switching Waveforms 

VeE 
lVI 

2V 

Is i3Jls,-
IAlj S)ls 

0.916 

I 
I ,_ 
I 

S[-0352 

STF8045DF/DV 

Typical VF Versus IF 

Vr(V ) 
GC14760 

2.2 

1!1.111 
tf!PP' 2 

~II"' 
T = -40°C ~~ 

1.8 

~ ::::::: I? 
~ V1zs•c 1.6 

1.4 ~ ~ 

zs•c 
1.2 I 

I 
20 40 60 80 1 00 120 I r (A) 

Turn-on Switching Test Circuit 

I c 
lA) 

lA) ''1 

BYT11 

-t, -
r 

SC-0353 t 

5/6 
--------------------------L~I ~~~~~~~:~~~ --------------------------

323 



STF8045DF/DV 

Turn-off Switching Test Circuit 

Turn-off Switching Test Circuits of Diode 
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Turn-off Switching Waveforms 
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TSG25N1 OODF 
TSG25N1 OODV 

ISOLATED GATE BIPOLAR TRANSISTOR (IGBT) 
ISOTOP POWER MODULE 

PRELIMINARY DATA 

• VOLTAGE-CONTROLLED GATE 
• LOW ON-VOLTAGE DROP VcE(sat) 
• ANTI-PARALLEL FAST DIODE INCLUDED 
• FAST SWITCHING SPEED 
• EXELLENT THERMAL STABILITY 

VERY LOW Rth JUNCTION CASE 

INDUSTRIAL APPLICATION: 
• MOTOR DRIVES 
• UPS CONVERTERS 
• POWER SUPPLIES 
• RESONANT POWER CONVERTERS TSG25N100DV TSG25N100DF 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEs Collector-Emitter Voltage (VGE = 0) 1000 v 
VeER Collector-Emitter Voltage (RGE= 20 kQ) 1000 v 
VGE Gate-Emitter Voltage ± 20 v 
lc Collector Current (continuous) at Tc = 25 °C 50 A 

lc Collector Current (continuous) at Tc = 100 °C 25 A 

lcM(•) Collector Current (pulsed) 100 A 

Ptot Total Dissipation at Tc = 25 °C 300 w 
Derating Factor 2.4 W/°C 

Tstg Storage Temperature -55 to 150 oc 

TJ Max. Operating Junction Temperature 150 oc 

Vrso Insulation Withstand Voltage (AC-RMS) 2500 v 
(•) Pulse width limited by safe operating area 
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TSG25N1 OODF/DV 

THERMAL DATA 

RthJ-case Thermal Resistance Junction-Case (IGBT) Max 
Rthj-case Thermal Resistance Junction-Case (Diode) Max 

Rthc-h Thermal Resistance Case-Heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions Min. 

V(BR)CES Collector-Emitter lc = 2 mA VGE = 0 1000 
Breakdown Voltage 

IcEs Collector Cut-off VeE= Max Rating 
Current (VGE = 0) 

IGES Gate-Emitter Leakage VGE = ± 20 V VeE= 0 
Current (VeE= 0) 

ON(*) 

Symbol Parameter Test Conditions Min. 

VGE(th) Gate Threshold Voltage VeE= VGE lc = 2 mA 2 

IN Nominal Current For Tc=100°C 
Measurement 

VcE(sat) Collector-Emitter VGE=15V lc = 25 A 
Saturation Voltage VGE=15V lc = 25 A Tc = 100 °C 

DYNAMIC 

Symbol Parameter Test Conditions Min. 

grs Forward VeE= 25 V lc = 25 A 
Transconductance 

C,ss Input Capacitance VeE= 25 V f = 1 MHz VGE = 0 
Cess Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING ON RESISTIVE LOAD 

Symbol Parameter Test Conditions Min. 

td(on) Delay Time lc = 25 A Vee= 450 V 
t, Rise Time VGE=15V RG = 47 Q 

dic/dt Turn-on Current Slope Vee= 450 V VGE = 15 V 
RG = 47 Q RL = 0 Tc = 100 °C 

VcE(1f.lS) Collector-Emitter lc = 25 A Vee= 450 V VGE=15V 
Dynamic Voltage RG = 47 Q Tc = 100 °C 

VcE(2f.!S) Collector-Emitter lc = 25 A Vee= 450 V VGE=15V 
Dynamic Voltage RG = 47 Q Tc = 100 °C 

(*) Pulsed: Pulse duratton = 300 ~s. duty cycle 1.5% 

0.41 °C/W 
1.2 °C/W 

0.05 °C/W 

Typ. Max. Unit 

v 

2 mA 

300 nA 

Typ. Max. Unit 

4 v 
25 A 

3.5 v 
3.5 v 

Typ. Max. Unit 

14 mho 

3600 pF 
350 pF 
100 pF 

Typ. Max. Unit 

60 100 ns 
220 350 ns 

430 A/f.lS 

7 10 v 

2.5 3.7 v 
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ELECTRICAL CHARACTERISTICS (continued) 

SWITCHING OFF INDUCTIVE LOAD 

Symbol Parameter Test Conditions Min. 

!c Cross-Over Time Vc1amp = 800 V lc = 25 A 
!r(Voff) Off Voltage Rise Time RGE = 100 Q VGE=15V 

It Fall Time L=0.1mH 
Eotf Turn-off Switching Loss 

!c Cross-Over Time Vc;amp = 800 V lc = 25 A 
!r(Voff) Off Voltage Rise Time RGE = 100 Q VGE=15V 

It Fall Time L=0.1 mH T1 = 100 °C 
EoJJ Turn-off Switching Loss 

COLLECTOR EMITIER DIODE 

Symbol Parameter Test Conditions Min. 

IF Forward Current Tc=25°C 
Tc=100°C 

IFM Forward Current 
(pulsed) 

IRM Reverse Recovery IF= 25 A di!dt = 120 Ai!!S 
Current Tc = 100 °C 

VF Forward On Voltage IF= 25 A VGE = 0 Tc = 100 °C 

lrr Reverse Recovery IF= 25 A di!dt = 100 Ai!lS 
Time Tc = 100 °C 

Safe Operating Areas Thermal Impedance 

K 

6- 0.5 

0 = 0.2 
" 

lUJJ]L. v 
6 0.1 

!XIIII 
0-0 I 

II IIIII 
- -

10-2 
10 2 10 1 10° 

TSG25N1 OODF/DV 

Typ. Max. Unit 

1.5 !!S 
0.65 !!S 
0.7 !!S 
12.5 mJ 

2.2 !!S 
0.8 !!S 
1.2 !!S 
18 mJ 

Typ. Max. Unit 

50 A 
25 A 

100 A 

20 A 

1.35 1.8 v 
350 ns 

GC14:591 

" I I 
Ill I 

'I I 

' ' 

i Zth - k RthJ-c 
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TSG25N1 OODF/DV 

Derating Curves Output Characteristics 
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Capacitance Variation 
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TSG25N1 OODF/DV 

Accidental Overload Areas Reverse Biased SOA 
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TSG50N50DF 
TSG50N50DV 

ISOLATED GATE BIPOLAR TRANSISTOR (IGBT) 
ISOTOP POWER MODULE 

TENTATIVE DATA 

• VOLTAGE-CONTROLLED GATE 
• LOW ON-VOLTAGE DROP VcE(sat) 
• ANTI-PARALLEL FAST DIODE INCLUDED 
• FAST SWITCHING SPEED 
• EXELLENT THERMAL STABILITY 
• VERY LOW Rth JUNCTION CASE 

INDUSTRIAL APPLICATION: 
• MOTOR DRIVES 
• UPS CONVERTERS 
• POWER SUPPLIES 
• RESONANT POWER CONVERTERS TSGSONSOV TSGSONSOF 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEs Collector-Emitter Voltage (VGE = 0) 500 v 
VeER Collector-Emitter Voltage (RGE= 20 kO) 500 v 
VGE Gate-Emitter Voltage ± 20 v 
lc Collector Current (continuous) at Tc = 25 °C 75 A 

lc(•) Collector Current at Tc = 100 °C 50 A 

lcM(•) Collector Current (pulsed) 200 A 

Ptot Total Dissipation at Tc = 25 °C 300 w 
Derating Factor 2.4 W/°C 

Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 
(•) Pulse width limited by safe operating area 
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TSG50N50DF/DV 

THERMAL DATA 

RthJ-case Thermal Resistance Junction-Case (IGBT) Max 
RthJ·Case Thermal Resistance Junction-Case (Diode) Max 

Rthc·h Thermal Resistance Case-Heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 
OFF 

Symbol Parametef Test Conditions Min. 

V(BR)eES Collector-Emilie~ le = 2 mA VGE = 0 500 

IcEs 

Breakdown V~ge 

Collector Cut I 
Current (VGE = 0) 

VeE= Max Rating 

IGES Gate-Emitter Leakage VGE = ± 20 V VeE= 0 
Current (VeE= 0) 

ON(*) 

Symbol Parameter Test Conditions Min. 

VGE(th) Gate Threshold Voltage VeE= VGE lc = 2 mA 2 

IN Nominal Current For Tc=100°C 
Measurement 

VcE(sat) Collector-Emitter VGE= 15V lc =50 A 
Saturation Voltage VGE= 15V lc =50 A Tc = 100 °C 

DYNAMIC 

Symbol Parameter Test Conditions Min. 

9fs Forward VeE= 25 V lc = 25 A 15 
Transconductance 

Ciss Input Capacitance VeE= 25 V f = 1 MHz VGE = 0 
Cess Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING ON RESISTIVE LOAD 

Symbol Parameter Test Conditions Min. 

td(on) Delay Time lc = 50A Vee= 350V 
tr Rise Time VGE = 15 V RG = 470 

die/dt Turn-on Current Slope le = 50A Vee= 350V VGE = 15V 
RG = 470 RL = 0 Te = 100 °C 

Vce(0.6fls) Collector-Emitter le = 50A Vee= 350V VGE = 15V 
Dynamic Voltage RG = 470 Te = 100 °C 

VcE(1.2flS) Collector-Emitter lc = 50A Vee= 350V VGE = 15V 
Dynamic Voltage RG = 470 Tc = 100 °C 

(*) Pulsed: Pulse duration = 300 J.IS, duty cycle 1.5 % 

0.41 °C/W 
1.2 °C/W 

0.05 °C/W 

Typ. Max. Unit 

v 

2 mA 

200 nA 

Typ. Max. Unit 

4 v 
50 A 

3.3 v 
3.3 v 

Typ. Max. Unit 

mho 

4000 pF 
550 pF 
120 pF 

Typ. Max. Unit 

140 220 ns 
250 400- ns 

400 A/flS 

7 10 v 

2.5 3.7 v 
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ELECTRICAL CHARACTERISTICS (continued) 

SWITCHING OFF INDUCTIVE LOAD 

Symbol Parameter Test Conditions 

lc Cross-Over Time Vcc=400V lc =50 A 
lr(Vott) Off Voltage Rise Time RGE = 100 Q VGE=15V 

It Fall Time L = 0.1 mH 
Eou Turn-off Switching Loss 

lc Cross-Over Time Vee= 400 V le =50 A 
lr(Vott) Off Voltage Rise Time RGE = 100 Q VGE=15V 

It Fall Time L=0.1mH T1 = 100 °C 
Eou Turn-off Switching Loss 

COLLECTOR EMITIER DIODE 

Symbol Parameter Test Conditions 

IF Forward Current Tc = 25 °C 
Tc=100°C 

IFM Forward Current 
(pulsed) 

lAM Reverse Recovery Tc = 100 °C 
Current 

VF Forward On Voltage IF= 50 A VGE = 0 Tc=100°C 

lrr Reverse Recovery IF= 50 A di!dt = 100 A/JlS 
Time Tc = 100 °C 

TSG50N50DF/DV 

Min. Typ. Max. Unit 

0.85 jlS 
jlS 

0.4 jlS 
mJ 

1.1 jlS 
JlS 

0.6 JlS 
mJ 

Min. Typ. Max. Unit 

75 A 
50 A 

200 A 

A 

1.9 v 
400 ns 
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TSD2M350F 
TSD2M350V 

N -CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 

ADVANCE DATA 

TYPE 

TSD2M350F/V 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUAL SOURCE CONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• VERYLOWINTERNALPARASmC INDUCTANCE 

(TYPICALLY< 5 ns) TSD2M350V TSD2M350F 

INDUSTRIAL APPLICATIONS: ISOTOP 

• SMPS & UPS 
• MOTOR CONTROL 
• WELDING EQUIPMENT 

INTERNAL SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vos Drain-Source Voltage (VGs = 0) 400 v 
VoGR Drain-Gate Voltage (RGs = 20 kr.!) 400 v 
VGs Gate-Source Voltage ± 20 v 
lo Drain Current (continuous) at T c = 25 °C 30 A 

lo Drain Current (continuous) at T c = 100 °C 19 A 

1oM(•) Drain Current (pulsed) 120 A 

Ptot Total Dissipation at Tc = 25 °C 300 w 
Derating Factor 2.4 W/°C 

Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 
(•) Pulse wtdth ltmtled by safe operatmg area 
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TSD2M350FIV 

THERMAL DATA 

Rth1-case 1:Thermal Resistance Junction-Case 
Rthc-h Thermal Resistance Case-Heatsink With Conductive 

Grease Applied 

Max 

Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 1 mA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc=125°C 

IGSS Gate-Body Leakage VGs = ± 20 V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 1 rnA 

Ros(on) Static Drain-Source VGs=10V lo = 18 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

gfs Forward Vos = 25 V lo = 18 A 
Transconductance 

c.ss Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 200 V lo = 18 A 
(dildt)on Turn-on Current Slope RGs = 25 Q VGs = 10 V 

td(off) Turn-off Delay Time L = 1 OOi!H 
tt Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso = 30 A VGs = 0 

trr Reverse Recovery lso = 30 A di/dt = 100 AfllS 
Time 

(•) Pulsed: Pulse duration= 300 f!S, duty cycle 1.5% 
(•) Pulse width limited by safe operating area 

Min. 

400 

Min. 

2 

Min. 

12 

Min. 

Min. 

0.41 

0.05 

Typ. Max. 

200 
2 

± 200 

Typ. Max. 

4 

0.150 

Typ. Max. 

6000 
1200 
500 

Typ. Max. 

180 
150 
3 

300 

Typ. Max. 

30 
120 

1.6 

1000 

I 
°C/W 

°C/W 

Unit 

v 

llA 
rnA 

nA 

Unit 

v 
Q 

Unit 

mho 

pF 
pF 
pF 

Unit 

ns 
A IllS 
i!S 
ns 

Unit 

A 
A 

v 
ns 
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TSD2M450F 
TSD2M450V 

N -CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 

ADVANCE DATA 

TYPE 

TSD2M450F!V 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUALSOURCECONTACT 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• VERYLOWINTERNALPARASmC INDUCTANCE 

(TIPICALL Y < 5 ns) TSD2M450V TSD2M450F 

INDUSTRIAL APPLICATIONS: ISOTOP 

• SMPS & UPS 
• MOTOR CONTROL 
• WELDING EQUIPMENT 

INTERNAL SCHEMATIC DIAGRAM 

~ 
sco~~so 

L 4 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vos Drain-Source Voltage (VGs = 0) 500 v 
VoGR Drain-Gate Voltage (RGs = 20 kQ) 500 v 
VGs Gate-Source Voltage ± 20 v 
lo Drain Current (continuous) at Tc = 25 °C 26 A 

lo Drain Current (continuous) at Tc = 100 °C 16 A 

1oM(•) Drain Current (pulsed) 100 A 

Ptot Total Dissipation at Tc = 25 °C 300 w 
Derating Factor 2.4 W/°C 

Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

Vtso Insulation Withstand Voltage (AC-RMS) 2500 v 
(•) Pulse width ltmited by safe operating area 
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TSD2M450F!V 

THERMAL DATA 

Rthj-Case Thermal Resistance Junction-Case Max 
Rthc-h Thetmal Resistance Case-Heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 1 mA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 

IGss Gate-Body Leakage VGs=±20V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 1 mA 

Res( on) Static Drain-Source VGs=10V lo = 13 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

gfs Forward Vos = 25 V lo = 13 A 
Transconductance 

CISS Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 
,---

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 250 V lo = 15 A 
(di/dt)on Turn-on Current Slope RGs = 25 Q VGs=10V 

ld(off) Turn-off Delay Time L = 100 JlH 
It Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso = 26 A VGs = 0 

lrr Reverse Recovery lso = 26 A di/dt = 100 A/JlS 
Time 

(*) Pulsed: Pulse duration = 300 JlS, duty cycle 1.5% 
(•) Pulse width limited by safe operating area 

Min. 

500 

Min. 

2 

Min. 

12 

Min. 

Min. 

0.41 °C/W 

0.05 °C/W 

Typ. Max. Unit 

v 

200 JlA 
2 mA 

± 200 nA 

Typ. Max. Unit 

4 v 
0.2 Q 

Typ. Max. Unit 

mho 

6000 pF 
1200 pF 
500 pF 

Typ. Max. Unit 

180 ns 
150 A/JlS 

3 JlS 
300 ns 

Typ. Max. Unit 

26 A 
100 A 

1.4 v 
1300 ns 
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TSD4M150F 
TSD4M150V 

N- CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 

TYPE 

TSD4M150F/V 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUALSOURCECONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• VERY LOW INTERNAL PARASITIC 

INDUCTANCE (TYPICALLY< 5 ns) 
• AVALANCHE RUGGEDNESS TECHNOLOGY 

(SEE IRFP150 FOR RATING) 

INDUSTRIAL APPLICATIONS: 
• DC/DC & DC/AC CONVERTERS 
• SMPS& UPS 
• MOTOR CONTROL 
• OUTPUT STAGE FOR PWM, ULTRASONIC 

CIRCUITS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-Source Voltage (VGs = 0) 

VoGR Dram-Gate Voltage (RGs = 20 kQ) 

VGs Gate-Source Voltage 

lo Drain Current (continuous) at Tc = 25 °C 

lo Drain Current (continuous) at Tc = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

TJ Max. Operating Junction Temperature 

Vtso Insulation Withstand Voltage (AC-RMS) 

(•) Pulse w1dth limited by safe operating area 

March 1990 

TSD4M150V TSD4M150F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

~ L 4 

Value 

100 

100 

± 20 

135 

85 

500 

500 

4 

-55 to 150 

150 

2500 

Unit 

v 
v 
v 
A 

A 

A 

w 
W/°C 

oc 

oc 

v 
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TSD4M150FN 

THERMAL DATA 

Rthj-case Thermal Resistance Junction-Case Max 
Rthc-h Thermal Resistance Case-Heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 1 rnA Vas= 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (Vas = 0) Vos = Max Rating x 0.8 Tc = 125 °C 

lass Gate-Body Leakage Vas=±20V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

Vas(th) Gate Threshold Voltage Vos =Vas lo = 1 rnA 

Ros(on) Static Drain-Source Vas= 10V lo = 70 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

g1s Forward Vos = 25 V lo = 70 A 
Transconductance 

C;ss Input Capacitance Vos = 25 V f = 1 MHz Vas= 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 

Symbol Parameter Test Conditions 

ld(on) Turn-on Time Voo =50 V lo =50 A 
(dild!)on Turn-on Current Slope Ras =50 Q Vas= 10 V 

td(off) Turn-off Delay Time L = 100 !!H 
It Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso = 135 A Vas= 0 

lrr Reverse Recovery lso = 135 A , dildt = 1 00 A/f!S 
Time 

(•) Pulsed- Pulse duration= 300 JlS, duty cycle 1 5% 
(•) Pulse width limited by safe operating area 

Min. 

100 

Min. 

2 

Min. 

20 

Min. 

Min. 

0.25 °C/W 

0.05 °C/W 

Typ. Max. Unit 

v 

400 !!A 
2 rnA 

± 400 nA 

Typ. Max. Unit 

4 v 
0.014 Q 

Typ. Max. Unit 

mho 

11200 pF 
4200 pF 
1700 pF 

Typ. Max. Unit 

100 ns 
250 A/!!S 
1100 ns 
130 ns 

Typ. Max. Unit 

135 A 
500 A 

2 v 
400 ns 
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TSD4M150F/V 

Safe Operating Areas Thermal Impedance 

GC1001 

~ 
100~s 

0 
<Q;-<::J-~'0.~ v I' 

1ms 

K [j(1003 

10° 

~~ '' '' 

ill 
8=0 5 

10ms lr : 8-0 2 ' 
I ....,.. I II' I I 1!' 

101 
0 C OPERA liON 100ms . I I / 

Zth:: KRthj-C 

~ & :....!.£. 
1: 

8-0.05 'Jl.fL 

~ 'ii:J 
~~~rnif111n 

I i 1: 

I I llllli II i I · 

10° tplsl 

Derating Curve Output Characteristics 

G(10C2 GC 0855/1 

101AJ 

Vos=10V Tj=25"C 
200 

6 5V 
600 

I. BV 

I" 

1'\ 
I" 

1'\ 

500 

400 

300 

v 7 5V 

V' 7V 

'/ 65V 

/ 6V 

160 

120 

BO 
1"\. 

' I" 
' 

200 

100 

/ 5 sv 

/ 5V 

/ 4V 4 sv 
40 

50 100 10 V05 1VI 

Transfer Characteristics Transconductance 

GC0827 
10 1AJ 

160 

I V-r-
T1=-55"[- I 

2s•c~ 

11.. 60 

J/ 125"[ 

Vos=25V I 
II 

II 

120 

60 

T1=-55"[ 

It' 
25"( 

125°[ 

v 
II I 

40 

'If 
1/, 

[/) '/ 

40 Vos=25V t- t-

I 

20 

VosiVI 40 BO 120 10 1Al 

3/5 -------------- Iiii ~~~~m~::a~~Jl -------------
341 



TSD4M150F/V 

Static Drain-Source On Resistance 
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Source-Drain Diode Forward Characteristics 
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TSD4M151F 
TSD4M151V 

N-CHANNELENHANCEMENTMODE 
ISOFET POWER MOS TRANSISTOR MODULE 

TYPE 

TSD4M151F/V 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUAL SOURCE CONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• VERY LOW INTERNAL PARASITIC 

INDUCTANCE (TVPICALL Y < 5ns) 
• AVALANCHE RUGGEDNESS TECHNOLOGY 

(SEE IRFP150 FOR RATING) 

INDUSTRIAL APPLICATIONS: 
• DC/DC & DC/AC CONVERTERS 
• SMPS& UPS 
• MOTOR CONTROL 
• OUTPUT STAGE FOR PWM, ULTRASONIC 

CIRCUITS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vas Drain-Source Voltage (VGs = 0) 

VoGR Drain-Gate Voltage (RGs = 20 kQ) 

VGs Gate-Source Voltage 

Ia Drain Current (continuous) at Tc = 25 °C 

Ia Drain Current (continuous) at Tc = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptat Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

Tl Max. Operating Junction Temperature 

VJSO Insulation Withstand Voltage (AC-RMS) 

(•) Pulse width limited by safe operating area 

March 1990 

TSD4M151V TSD4M151F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

Value Unit 

80 v 
80 v 

± 20 v 
135 A 

85 A 

500 A 

500 w 
4 W/°C 

-55 to 150 oc 
150 oc 

2500 v 
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TSD4M151 F/V 

THERMAL DATA 

Rthj-case Thermal Resistance Junction-Case Max 
Rthc-h Thermal Resistance Case-Heatsink With Conductive 

Grease APIIied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 1 mA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 

IGss Gate-Body Leakage VGs = ± 20 V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGs(th) Gate Threshold Voltage Vos = VGs lo = 1 mA 

Ros(on) Static Drain-Source VGs = 10V lo = 70 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

9fs Forward Vos = 25 V lo = 70 A 
Transconductance 

CISS Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 

Symbol Parameter Test Conditions 

ld(on) Turn-on Time Voo =50 V lo =50 A 
(di/dt)on Turn-on Current Slope Ras =50 n Vas= 10 V 

ld(off) Turn-off Delay Time L = 100 !!H 
It Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso = 135 A Vas= o 
trr Reverse Recovery lso = 135 A dildt = 1 00 A/IJ.S 

Time 

(•) Pulsed: Pulse duration= 300 I!S, duty cycle 1.5% 
(•) Pulse width limited by safe operating area 

Min. 

80 

Min. 

2 

Min. 

20 

Min. 

Min. 

0.25 °C/W 

0.05 °C/W 

Typ. Max. Unit 

v 

400 !!A 
2 mA 

± 400 nA 

Typ. Max. Unit 

4 v 
0.014 n 

Typ. Max. Unit 

mho 

11200 pF 
4200 pF 
1700 pF 

Typ. Max. Unit 

100 ns 
250 A/IJ.S 
1100 ns 
130 ns 

Typ. Max. Unit 

135 A 
500 A 

2 v 
400 ns 
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TSD4M151 F/V 

Safe Operating Areas Thermal Impedance 
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TSD4M151 FIV 

Static Drain-Source On Resistance 
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Source-Drain Diode Forward Characteristics 
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TSD4M250F 
TSD4M250V 

N-CHANNELENHANCEMENTMODE 
ISOFET POWER MOS TRANSISTOR MODULE 

TYPE 

TSD4M250F/V 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUALSOURCECONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• VERY LOW INTERNAL PARASITIC 

INDUCTANCE (TYPICALLY< 5 ms) 
• AVALANCHE RUGGEDNESS TECHNOLOGY 

(SEE STH33N20FI FOR RATING) 

INDUSTRIAL APPLICATIONS: 
• DC/DC & DC/AC CONVERTERS 
• SMPS & UPS 
• MOTOR CONTROL 
• OUTPUT STAGE FOR PWM, ULTRASONIC 

CIRCUITS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Dram-Source Voltage (VGs = 0) 

VoGR Drain-Gate Voltage (RGs = 20 kQ) 

VGs Gate-Source Voltage 

lo Drain Current (continuous) at Tc = 25 °C 

lo Drain Current (continuous) at Tc = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

T, Max. Operating Junction Temperature 

Vtso Insulation Withstand Voltage (AC-RMS) 

(•) Pulse wtdth limtted by safe operatmg area 

March 1990 

TSD4M250V TSD4M250F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

Value Unit 

200 v 
200 v 
± 20 v 
110 A 

69 A 

440 A 

500 w 
4 W/°C 

-55 to 150 oc 
150 oc 

2500 v 
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TSD4M250F/V 

THERMAL DATA 

RthJ·Case Thermal Resistance Junction-Case Max 
Rthc-h Thermal Resistance Case-Heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 
OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 1 mA Vas= 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (Vas= 0) Vos = Max Rating x 0.8 Tc = 125 °C 

lass Gate-Body Leakage Vas=±20V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

Vas(thl Gate Threshold Voltage Vos =Vas lo = 1 mA 

Ros(on) Static Drain-Source Vas= 10V lo = 60 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

gts Forward Vos = 25 V lo = 60 A 
Transconductance 

CISS Input Capacitance Vos = 25 V f = 1 MHz Vas= 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 100 V lo = 60 A 
(difdt)on Turn-on Current Slope Ras = 25 Q Vas= 10 V 

td(off) Turn-off Delay Time 
lt Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage I so = 110 A Vas= 0 

trr Reverse Recovery I so = 110 A dildt = 1 00 Al!ls 
Time 

(*) Pulsed: Pulse durat1on = 300 !lS, duty cycle 1.5% 
(•) Pulse Width limited by safe operating area 

Min. 

200 

Min. 

2 

Min. 

28 

Min. 

Min. 

0.25 °C/W 

0.05 °C/W 

Typ. Max. Unit 

v 

400 !-lA 
2 mA 

± 400 nA 

Typ. Max. Unit 

4 v 
0.021 Q 

Typ. Max. Unit 

mho 

12000 pF 
4500 pF 
2500 pF 

Typ. Max. Unit 

260 ns 
100 AI !-IS 

2000 ns 
750 ns 

Typ. Max. Unit 

110 A 
440 A 

2 v 
BOO ns 
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Safe Operating Areas 
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TSD4M250F!V 

Static Drain-Source On Resistance 

R05 ion) .-.--.-.-.--.-.-.--.-ro--.-r-r--.-r-r-l'"''-:r"'T07-, 

lmfll H--t-H--t-H-t-H-t-H---t-H---t-H---i 

20 

15 

10 

1-+-t-t--t-t-H---iT 1"2s•c H--t-H-t-H--1 
H-\-H--\-H·-1V0s"10V H--t-H--\-H-1 

40 80 120 160 10 1AJ 

Capacitance Variation 

ClnFI 

1S 

10 

GC-1011 

l-++-l-++-11 f"1MHz H-t-H-t-+-t-t--H 
I Vos"O 

l+-HH--H TF25"C H--t-H-t-+-t--1--H 

10 20 30 40 V051VJ 

Normalized Breakdown Voltage vs 
Temperature 

V(BRlDSSrT-,rT-,rT-,rT-,rT-,T"T-l0:0:C-r101;0 o 
(norm) H-\-H-\-H-\-H--t-H---t-H-\-H--i 

o 9 1-\-.,f"-t-t-+-t-t-H-+-1 Vos "o H-+-1-++-t 
H--H-t-+-t-t-H-+-IIo"1mAH-\-H+-I 

Gate Charge vs Gate-source Voltage 

Gf1016 

1S 

10 

7 Vos"160V 
lo"1SOA 

T 

100 200 300 400 0.9 inCI 

Normalized Gate Threshold Voltage vs 
Temperature 

VGS!Ihl 
(norm} 

11 

09 

0 B 

0 7 

06 

\ 

'\ 
r-

--

j--

-SO 

GC1009 

Vos"Vos - r---

"' 
t0::1mA 

1\. 

\ 
1'\. 

so 100 

Normalized On Resistance vs Temperature 

Ros[nnl 
(norm) 

1 s 

0 s 
-SO 

GC1015 

Yos"10V 
lo"60A 

so 100 

4/5 ---------------------------- ~~~~~~~u~:~~~ ----------------------------
354 



Source-Drain Diode Forward Characteristics 
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TSD4M251F 
TSD4M251V 

N-CHANNELENHANCEMENTMODE 
ISOFET POWER MOS TRANSISTOR MODULE 

TYPE 

TSD4M251 FIV 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUAL SOURCE CONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• VERY LOW INTERNAL PARASITIC 

INDUCTANCE (TYPICALLY< 5 ms) 
• AVALANCHE RUGGEDNESS TECHNOLOGY 

(SEE STH33N20FI FOR RATING) 

INDUSTRIAL APPLICATIONS: 
• DC/DC & DC/AC CONVERTERS 
• SMPS & UPS 
• MOTOR CONTROL 
• OUTPUT STAGE FOR PWM, ULTRASONIC 

CIRCUITS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-Source Voltage (VGs = 0) 

VoGR Drain-Gate Voltage (RGs = 20 kn) 

VGs Gate-Source Voltage 

lo Drain Current (continuous) at Tc = 25 °C 

lo Drain Current (continuous) at Tc = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

TJ Max. Operating Junction Temperature 

VI SO Insulation Withstand Voltage (AC-RMS) 

(•) Pulse width limited by safe operating area 

March 1ggo 

TSD4M251 V TSD4M251 F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

Value Unit 

150 v 
150 v 
± 20 v 
110 A . 69 A 

440 A 

500 w 
4 W/°C 

-55 to 150 oc 

150 oc 

2500 v 
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TSD4M251 F/V 

THERMAL DATA 

Rthj-case Thermal Resistance Junction-Case Max 
Rthc-h Thermal Resistance Case-Heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 
OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 1 rnA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc=125°C 

IGSS Gate-Body Leakage VGs = ± 20 V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 1 rnA 

Ros(on) Static Drain-Source VGs = 10V lo = 60 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

gfs Forward Vos = 25 V lo = 60 A 
Transconductance 

C,ss Input Capacitance Vos = 25 V I= 1 MHZ VGs = 0 
Cess Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 

Symbol Parameter Test Conditions 

ld(on) Turn-on Time Voo = 75 V lo = 60 A 
(di!dt)on Turn-on Current Slope RGs = 25 Q VGs=10V 

td(oll) Turn-off Delay Time 
It Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso=110A VGs = 0 

lrr Reverse Recovery lso=110A dildt = 1 00 A/J.lS 
Time 

(•) Pulsed. Pulse duration= 300 flS, duty cycle 1.5% 
(•) Pulse Width limited by safe operatmg area 

Min. 

150 

Min. 

2 

Min. 

28 

Min. 

Min. 

0.25 °C/W 

0.05 °C/W 

Typ. Max. Unit 

v 

400 J.lA 
2 rnA 

± 400 nA 

Typ. Max. Unit 

4 v 
0.021 Q 

Typ. Max. Unit 

mho 

12000 pF 
4500 pF 
2500 pF 

Typ. Max. Unit 

260 ns 
100 A/J.lS 

2000 ns 
750 ns 

Typ. Max. Unit 

110 A 
440 A 

2 v 
800 ns 
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TSD4M251 FIV 

Safe Operating Areas Thermal Impedance 
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TSD4M251FN 

Static Drain-Source On Resistance 
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Source-Drain Diode Forward Characteristics 
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TSD4M350F 
TSD4M350V 

N- CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 

TYPE 

TSD4M350F/V 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUALSOURCECONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• VERY LOW INTERNAL PARASITIC 

INDUCTANCE (TYPICALLY< 5ns) 
• AVALANCHE RUGGEDNESS TECHNOLOGY 

(SEE IRFP350 FOR RATING) 

INDUSTRIAL APPLICATIONS: 
• SMPS & UPS 
• MOTOR CONTROL 
• WELDING EQUIPMENT 
• OUTPUT STAGE FOR PWM, ULTRASONIC 

CIRCUITS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-Source Voltage (VGs = 0) 

VoGR Drain-Gate Voltage (RGs = 20 kQ) 

VGs Gate-Source Voltage 

lo Drain Current (continuous) at T c = 25 °C 

lo Drain Current (continuous) at Tc = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

TJ Max. Operating Junction Temperature 

VJSO Insulation Withstand Voltage (AC-RMS) 

(•) Pulse w1dth limited by safe operating area 

March 1990 

TSD4M350V TSD4M350F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

~ L . 

Value 

400 

400 

± 20 

50 

31 

200 

500 

4 

-55 to 150 

150 

2500 

Unit 

v 
v 
v 
A 

A 

A 

w 
W/°C 

oc 

oc 

v 
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TSD4M350F/V 

THERMAL DATA 

Rthj-case Thermal Resistance Junction-Case Max 
Rthc·h Thermal Resistance Case-Heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 
OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 1 rnA Vas= 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (Vas = 0) Vos = Max Rating x 0.8 Tc = 125 °C 

lass Gate-Body Leakage Vas=± 20 V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

Vas(th) Gate Threshold Voltage Vos =Vas lo = 1 rnA 

Ros(on) Static Drain-Source Vas= 10V lo = 30 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

grs Forward Vos = 25 V lo = 30 A 
Transconductance 

Ciss Input Capacitance Vos = 25 V f = 1 MHz Vas= 0 
Coss Output Capacitance 
c, •• Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 200 V lo = 30 A 
(di/dt)on Turn-on Current Slope Ras = 25 o Vas= 10 V 

td(off) Turn-off Delay Time 
tr Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso =50 A Vas= 0 

trr Reverse Recovery lso =50 A dildt = 100 A!Jls 
Time 

(*) Pulsed: Pulse duration= 300 I!S, duty cycle 1.5% 
(•) Pulse width limited by safe operating area 

Min. 

400 

Min. 

2 

Min. 

28 

Min. 

Min. 

0.25 °C/W 

0.05 °C/W 

Typ. Max. Unit 

v 

400 !!A 
2 rnA 

± 500 nA 

Typ. Max. Unit 

4 v 
0.075 0 

Typ. Max. Unit 

mho 

12000 pF 
2400 pF 
1000 pF 

Typ. Max. Unit 

180 ns 
150 A/!!S 

3000 ns 
300 ns 

Typ. Max. Unit 

50 A 
200 A 

1.6 v 
1000 ns 
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TSD4M350F!V 

Safe Operating Areas Thermal Impedance 
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TSD4M350FN 

Static Drain-Source On Resistance 
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Source-Drain Diode Forward Characteristics 
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TSD4M351F 
TSD4M351V 

N -CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 

TYPE 

TSD4M351 F!V 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUALSOURCECONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• VERY LOW INTERNAL PARASITIC 

INDUCTANCE (TYPICALLY< 5 ms) 
• AVALANCHE RUGGEDNESS TECHNOLOGY 

(SEE IRFP350 FOR RATING) 

INDUSTRIAL APPLICATIONS: 
• SMPS & UPS 
• MOTOR CONTROL 
• WELDING EQUIPMENT 
• OUTPUT STAGE FOR PWM, ULTRASONIC 

CIRCUITS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-Source Voltage (VGs = 0) 

VoGR Drain-Gate Voltage (RGs = 20 kn) 

VGs Gate-Source Voltage 

lo Drain Current (continuous) at Tc = 25 °C 

lo Drain Current (continuous) at Tc = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

Tl Max. Operating Junction Temperature 

VISa Insulation Withstand Voltage (AC-RMS) 

(•) Pulse width limited by safe operatmg area 

March 1990 

TSD4M351V TSD4M351F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

Value Unit 

350 v 
350 v 
± 20 v 
50 A 

31 A 

200 A 

500 w 
4 W/°C 

-55 to 150 oc 

150 oc 

2500 v 
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TSD4M351 F/V 

THERMAL DATA 

RthJ·case Thermal Resistance Junction-Case Max 
Rthc·h Thermal Resistance Case-Heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 
OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 1 mA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 

IGss Gate-Body Leakage VGs = ± 20 V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 1 mA 

Ros(on) Static Drain-Source VGs = 10V lo = 30 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

grs Forward Vos = 25 V lo = 30 A 
Transconductance 

CISS Input Capacitance Vos = 25 V f= 1 MHz VGs = 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 175 V lo = 30 A 
(di/dt)on Turn-on Current Slope RGs = 25 Q VGs = 10 V 

td(off) Turn-off Delay Time 
tr Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso =50 A VGs = 0 

trr Reverse Recovery lso =50 A dildt = 100 A/J.lS 
Time 

(*) Pulsed: Pulse duration = 300 f!S, duty cycle 1.5% 
(•) Pulse width limited by safe operatmg area 

Min. 

350 

Min. 

2 

Min. 

28 

Min. 

Min. 

0.25 °C/W 

0.05 °C/W 

Typ. Max. Unit 

v 

400 J.lA 
2 mA 

± 500 nA 

Typ. Max. Unit 

4 v 
0.075 n 

Typ. Max. Unit 

mho 

12000 pF 
2400 pF 
1000 pF 

Typ. Max. Unit 

180 ns 
150 A/J.lS 

3000 ns 
300 ns 

Typ. Max. Unit 

50 A 
200 A 

1.6 v 
1000 ns 
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TSD4M351 FJV 

Safe Operating Areas Thermal impedance 
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TSD4M351 F/V 

Static Drain-Source On Resistance 
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Source-Drain Diode Forward Characteristics 
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TSD4M450F 
TSD4M450V 

N-CHANNELENHANCEMENTMODE 
ISOFET POWER MOS TRANSISTOR MODULE 

TYPE 
TSD4M450F!V 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUALSOURCECONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• VERY LOW INTERNAL PARASITIC 

INDUCTANCE (TYPICALLY 5 < ns) 
• AVALANCHE RUGGEDNESS TECHNOLOGY 

(SEE IRFP450 FOR RATING) 

INDUSTRIAL APPLICATIONS: 
• SMPS & UPS 
• MOTOR CONTROL 
• WELDING EQUIPMENT 
• OUTPUT STAGE FOR PWM, ULTRASONIC 

CIRCUITS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-Source Voltage (VGs = 0) 

VoGR Drain-Gate Voltage (RGs = 20 kQ) 

VGs Gate-Source Voltage 

lo Drain Current (continuous) at Tc = 25 °C 

lo Drain Current (continuous) at Tc = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

Tl Max. Operating Junction Temperature 

Vtso Insulation Withstand Voltage (AC-RMS) 

(•) Pulse width limited by safe operattng area 

March 1990 

TSD4M450V TSD4M450F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

Value Unit 

500 v 
500 v 
± 20 v 
45 A 

28 A 

180 A 

500 w 
4 W/"C 

-55 to 150 oc 
150 oc 

2500 v 
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TSD4M450F/V 

THERMAL DATA 

Rthj-case 
Rthc-h 

Thermal Resistance Junction-Case 
Thermal Resistance Case-Heatsink With Conductive 
Grease Applied 

Max I 
Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 
OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 1 mA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 

IGss Gate-Body Leakage VGs=±20V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 1 mA 

Ros(on) Static Drain-Source VGs = 1 OV lo = 28 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

gfs Forward Vos = 25 V lo = 28 A 
Transconductance 

Ciss Input Capacitance Vos = 25 V I= 1 MHz VGs = 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 250 V lo = 28 A 
(di/dt)on Turn-on Current Slope RGs = 25 n VGs=10V 

td(off) Turn-off Delay Time 
It Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso = 45 A VGs = 0 

lrr Reverse Recovery lso = 45 A di!dt = 100 A/f!S 
Time 

(*) Pulsed: Pulse duration= 300 !!S. duty cycle 1.5% 
(•) Pulse width limited by safe operating area 

Min. 

500 

Min. 

2 

Min. 

28 

Min. 

Min. 

0.25 

0.05 

Typ. Max. Unit 

v 

400 JlA 
2 mA 

± 500 nA 

Typ. Max. Unit 

4 v 
0.1 n 

Typ. Max. Unit 

mho 

12000 pF 
2400 pF 
1000 pF 

Typ. Max. Unit 

180 ns 
150 A/JlS 

3000 ns 
300 ns 

Typ. Max. Unit 

45 A 
180 A 

1.4 v 
1300 ns 
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Safe Operating Areas 
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TSD4M450F/V 

Static Drain-Source On Resistance 
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Source-Drain Diode Forward Characteristics 
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TSD4M451F 
TSD4M451V 

N - CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 

TYPE 

TSD4M451 F/V 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUAL SOURCE CONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• VERY LOW INTERNAL PARASITIC 

INDUCTANCE (TYPICALLY< 5 ns) 
• AVALANCHE RUGGEDNESS TECHNOLOGY 

(SEE IRFP450 FOR RATING) 

INDUSTRIAL APPLICATIONS: 
• SMPS & UPS 
• MOTOR CONTROL 
• WELDING EQUIPMENT 
• OUTPUT STAGE FOR PWM, ULTRASONIC 

CIRCUITS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-Source Voltage (VGs = 0) 

VoGR Drain-Gate Voltage (RGs = 20 kQ) 

VGs Gate-Source Voltage 

lo Drain Current (continuous) at T c = 25 °C 

lo Drain Current (continuous) at Tc = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

Tt Max. Operating Junction Temperature 

Vtso Insulation Withstand Voltage (AC-RMS) 

(•) Pulse width limited by safe operating area 

March 1990 

TSD4M451V TSD4M451 F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

Value Unit 

450 v 
450 v 
± 20 v 
45 A 

28 A 

180 A 

500 w 
4 W/°C 

-55 to 150 oc 

150 oc 

2500 v 

1/5 
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TSD4M451FN 

THERMAL DATA 

RthJ-case Thermal Resistance Junction-Case Max 
Rthc·h Thermal Resistance Case-Heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 1 mA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 

IGSS Gate-Body Leakage VGs = ± 20 V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 1 mA 

Ros(on) Static Drain-Source VGs = 10V lo = 28 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

9fs Forward Vos = 25 V lo = 28 A 
Transconductance 

CISS Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 
Cess Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 225 V lo = 28 A 
(di/dt)on Turn-on Current Slope RGs = 25 n VGs=10V 

td(off) Turn-off Delay Time 
It Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso = 45 A VGs = 0 

trr Reverse Recovery lso = 45 A di!dt = 100 A/J.lS 
Time 

(•) Pulsed. Pulse duration= 300 ~s. duty cycle 1.5% 
(•) Pulse width ltmited by safe operating area 

Min_ 

450 

Min. 

2 

Min. 

28 

Min. 

Min. 

0.25 °C/W 

0.05 °C/W 

Typ_ Max. Unit 

v 

400 J.lA 
2 mA 

± 500 nA 

Typ. Max_ Unit 

4 v 
0.1 n 

Typ. Max. Unit 

mho 

12000 pF 
2400 pF 
1000 pF 

Typ. Max. Unit 

180 ns 
150 A/J.lS 

3000 ns 
300 ns 

Typ. Max. Unit 

45 A 
180 A 

1.4 v 
1300 ns 
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TSD4M451 FIV 

Safe Operating Areas Thermal Impedance 
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TSD4M451 F/V 

Static Drain-Source On Resistance 
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Source-Drain Diode Forward Characteristics 
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TSD5MG40F 
TSD5MG40V 

N-CHANNELENHANCEMENTMODE 
ISOFET POWER MOS TRANSISTOR MODULE 

TYPE 

TSD5MG40F/V 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUALSOURCECONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• VERY LOW INTERNAL PARASITIC 

INDUCTANCE (TYPICALLY< 5 ns) 
• AVALANCHE RUGGEDNESS TECHNOLOGY 

(SEE STHV102 FOR RATING) 

INDUSTRIAL APPLICATIONS: 
• SMPS & UPS 
• MOTOR CONTROL 
• WELDING EQUIPMENT 
• OUTPUT STAGE FOR PWM, ULTRASONIC 

CIRCUITS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-Source Voltage (VGs = 0) 

VoGR Drain-Gate Voltage (RGs = 20 kQ) 

VGs Gate-Source Voltage 

lo Drain Current (continuous) at Tc = 25 °C 

lo Drain Current (continuous) at Tc = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

Tl Max. Operating Junction Temperature 

Vtso Insulation Withstand Voltage (AC-RMS) 

(•) Pulse width limited by safe operating area 

March 1990 

TSD5MG40V TSD5MG40F 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

Value Unit 

1000 v 
1000 v 
± 20 v 
17 A 

10.7 A 

60 A 

500 w 
4 W/°C 

-55 to 150 oc 

150 oc 

2500 v 

1/5 
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TSD5MG40F/V 

THERMAL DATA 

RthJ·case Thermal Resistance Junction-case Max 
Rthc-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 2 mA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc=125°C 

IGss Gate-Body Leakage VGs=±20V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 1 mA 

Ros(on) Static Drain-Source VGs=10V lo = 9 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

gJs Forward Vos = 15 V lo = 9 A 
Transconductance 

CISS Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 500 V lo = 15 A 
(di/dt)on Turn-on Current Slope RGs =50 Q VGs = 10 V 

ld(oll) Turn-off Delay Time L = 100 !!H 
It Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso=17A VGs = 0 

trr Reverse Recovery lso=17A di!dt = 100 A/!!S 
Time 

(*) Pulsed: Pulse duration= 300 iJS, duty cycle 1.5% 
( •) Pulse width limited by safe operating area 

Min. 

1000 

Min. 

2 

Min. 

5 

Min. 

Min. 

0.25 °C/W 

0.05 °C/W 

Typ. Max. Unit 

v 

500 !!A 
2 mA 

± 500 nA 

Typ. Max. Unit 

4 v 
0.7 Q 

Typ. Max. Unit 

mho 

7000 pF 
1250 pF 
660 pF 

Typ. Max. Unit 

60 ns 
100 AI !iS 
1200 ns 
200 ns 

Typ. Max. Unit 

17 A 
60 A 

2.5 v 
2.5 !iS 
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TSD5MG40FJV 

Safe Operating Areas Thermal Impedance 
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TSD5MG40F/V 

Static Drain-Source On Resistance 
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Source-Drain Diode Forward Characteristics 
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TSD20N100F 
TSD20N100V 

N-CHANNELENHANCEMENTMODE 
POWER MOS TRANSISTOR MODULE 

TENTATIVE DATA 

TYPE 

TSD20N1 OOFIV 

• HIGH VOLTAGE POWER MOS MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

(TYPICALLY 5nH) 

INDUSTRIAL APPLICATIONS: 
• SMPS& UPS TSD20N100V TSD20N100F 
• MOTOR CONTROL 
• WELDING EQUIPMENT 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vos Drain-Source Voltage (VGs = 0) 1000 v 
VoGR Drain-Gate Voltage (RGs = 20 kQ) 1000 v 
VGs Gate-Source Voltage ± 20 v 
lo Drain Current (continuous) at Tc = 25 °C 20 A 

lo Drain Current (continuous) at Tc = 100 °C 12.5 A 

1oM(•) Drain Current (pulsed) 70 A 

Ptot Total Dissipation at Tc = 25 °C 500 w 
Derating Factor 4 W/°C 

Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

V1s0 Insulation Withstand Voltage (AC) 2500 v 
(•) Pulse width limited by safe operating area 

July 1990 111 
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TSD22N80F 
TSD22N80V 

N -CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 

ADVANCE DATA 

TYPE 

TSD22N80F/V 

• HIGH VOLTAGE, HIGH CURRENT POWER 
MOSMODULE 

• VERY LOW Rth JUNCTION TO CASE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• VERY LOW INTERNAL PARASITIC 

INDUCTANCE (TYPICALLY< 5 nH) 
• AVALANCHE RUGGEDNESS TECHNOLOGY 

(SEE STH8N80 FOR RATING) TSD22NSOV TSD22NSOF 

INDUSTRIAL APPLICATIONS: ISOTOP 

• SMPS & UPS 
• MOTOR CONTROL 
• WELDING EQUIPMENT 

INTERNAL SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vos Drain-Source Voltage (VGs = 0) 800 v 
VoGR Drain-Gate Voltage (RGs = 20 kQ) 800 v 
VGs Gate-Source Voltage ± 20 v 
lo Drain Current (continuous) at T c = 25 °C 22 A 

lo Drain Current (continuous) at T c = 100 °C 13.7 A 

1oM(•) Drain Current (pulsed) 77 A 

Ptot Total Dissipation at Tc = 25 °C 400 w 
Derating Factor 3.2 W/°C 

Tstg Storage Temperature -55 to 150 oc 

TJ Max. Operating Junction Temperature 150 oc 

VJso Insulation Withstand Voltage (AC-RMS) 2500 v 
(•) Pulse w1dth limited by safe operating area 

July 1990 1/2 

395 



TSD22N80F/V 

THERMAL DATA 

Rthj-case Thermal Resistance Junction-case Max 
Rthc·h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 2 rnA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = D) Vas = Max Rating x 0.8 Tc = 125 °C 

IGss Gate-Body Leakage VGs=±20V 
Current (Vas = 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 1 rnA 

Ros(on) Static Drain-Source VGs=10V lo = 12 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

gfs Forward Vos = 25 V lo = 12 A 
Transconductance 

CISS Input Capacitance Vas= 25 V f = 1 MHz VGs = 0 
Cass Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 

Symbol Parameter Test Conditions 

ld(on) Turn-on Time Voo =V lo =A 
(di/dt)on Turn-on Current Slope RGs =50 Q VGs = 10 V 

ld(off) Turn-off Delay Time 
It Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso = 22 A VGs = 0 

lrr Reverse Recovery lso = 22 A di/dt = 1 00 Alf!S 
Time 

(*) Pulsed: Pulse duration = 300 ~s. duty cycle 1.5% 
(•) Pulse width limited by safe operating area 

Min. 

800 

Min. 

2 

Min. 

9 

Min. 

Min. 

0.312 °C/W 

0.05 °C/W 

Typ. Max. Unit 

v 

300 !!A 
1.5 rnA 

± 300 nA 

Typ. Max. Unit 

4 v 
0.4 Q 

Typ. Max. Unit 

mho 

6000 pF 
800 pF 
350 pF 

Typ. Max. Unit 

ns 
ns 
ns 
ns 

Typ. Max. Unit 

22 A 
77 A 

2.5 v 
2 f!S 
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TSD40N50DF 
TSD40N50DV 

N -CHANNEL ENHANCEMENT MODE 
FREDFET MODULE 

TYPE 

TSD40N50DF/DV 

• POWER MOS TRANSISTOR MODULE WITH 
FAST RECOVERY BULK DIODE: trr < 300 ns 
@ Tj = 150 °C 

• HIGH CURRENT POWER MOS MODULE 
• SPECIFIED COMMUTATING SOA 
• PARTICULARLY SUITABLE FOR BRIDGE 

CONFIGURATION 
• AVALANCHE RUGGEDNESS TECHNOLOGY 
• VERY LOW Rth JUNCTION TO CASE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

(TYPICALLY 5nH) 

INDUSTRIAL APPLICATIONS: 
• SMPS & UPS 
• MOTOR CONTROL 
• WELDING EQUIPMENT 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-Source Voltage (VGs = 0) 

VoGR Drain-Gate Voltage (RGs = 20 kQ) 

VGs Gate-Source Voltage 

lo Drain Current (continuous) at Tc = 25 °C 

lo Drain Current (continuous) at Tc = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

Tl Max. Operating Junction Temperature 

V1so Insulation Withstand Voltage (AC) 

(•) Pulse width limited by safe operatmg area 

July 1990 

TENTATIVE DATA 

TSD40N50DV TSD40N50DF 

ISOTOP 

INTERNAL SCHEMATIC DIAGRAM 

Value Unit 

500 v 
500 v 
± 20 v 
40 A 

24 A 

160 A 

500 w 
4 W/°C 

-55 to 150 oc 

150 oc 

2500 v 

1/1 
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TSD180N10F 
TSD180N10V 

N -CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 

TENTATIVE DATA 

TYPE 

TSD180N10F/V 

• VERY HIGH DENSITY POWER MOS 
TECHNOLOGY 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

(TYPICALLY 5nH) 
TSD180N10V TSD180N10F 

INDUSTRIAL APPLICATIONS: 
• DC/DC & DC/AC CONVERTERS ISOTOP 

• SMPS& UPS 
• MOTOR CONTROL 

INTERNAL SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vos Drain-Source Voltage (VGs = 0) 100 v 
VoGR Drain-Gate Voltage (Ras = 20 kn) 100 v 
Vas Gate-Source Voltage ± 20 v 
lo Drain Current (continuous) at Tc = 25 °C 180 A 

lo Drain Current (continuous) at Tc = 100 °C 112 A 

I oM(•) Drain Current (pulsed) 540 A 

Ptat Total Dissipation at Tc = 25 °C 500 w 
Derating Factor 4 W/°C 

Tstg Storage Temperature -55 to 150 oc 
Tj Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC) 2500 v 
(•) Pulse width limited by safe operating area 

July 1990 1/1 
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TSD200N05F 
TSD200N05V 

N-CHANNELENHANCEMENTMODE 
POWER MOS TRANSISTOR MODULE 

ADVANCE DATA 

TYPE 

TSD200N05F/V 

• VERY HIGH DENSITY POWER MOS 
TECHNOLOGY 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

(TYPICALLY 5nH) 
TSD200N05V TSD200N05F 

INDUSTRIAL APPLICATIONS: 
• DC/DC & DC/AC CONVERTERS 

ISOTOP 

• SMPS & UPS 
• MOTOR CONTROL 

INTERNAL SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vos Drain-Source Voltage (VGs = 0) 50 v 
VoGR Drain-Gate Voltage (RGs = 20 kQ) 50 v 
VGs Gate-Source Voltage ± 20 v 
lo Drain Current (continuous) at Tc = 25 °C 200 A 

lo Drain Current (continuous) at Tc = 100 °C 126 A 

1oM(•) Drain Current (pulsed) 600 A 

Ptot Total Dissipation at Tc = 25 °C 400 w 
Derating Factor 3.2 W/°C 

Tstg Storage Temperature -55 to 150 oc 

T, Max. Operating Junction Temperature 150 oc 

Vtso Insulation Withstand Voltage (AC) 2500 v 
(•) Pulse Width ltmtted by safe operattng area 

July 1990 1/2 
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TSD200N05F/V 

THERMAL DATA 

RthJ-case Thermal Resistance Junction-case Max 
Rthc·h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 
OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 2 mA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc=125°C 

IGSS Gate-Body Leakage VGs = ± 20 V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 2 mA 

Ros(on) Static Drain-Source VGs = 10V Ia = 100 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

g1s Forward Vas= 25 V Ia = 1 oo A 
Transconductance 

CISS Input Capacitance Vas= 25 V f = 1 MHz VGs = 0 
Cess Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Vaa = 40 V Ia = 100 A 
(dildt)on Turn-on Current Slope RGs = 25 Q VGs=10V 

td(off) Turn-off Delay Time 
It Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

Is a Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vsa Forward On Voltage lso = 200 A VGs = 0 

lrr Reverse Recovery lsa = 200 A dildl = 1 00 A/flS 
Time 

(*) Pulsed: Pulse duration~ 300 flS, duty cycle 1.5% 
(•) Pulse width limited by safe operating area 

Min. 

50 

Min. 

2 

Min. 

20 

Min. 

Min. 

0.31 °C/W 

0.20 °C/W 

Typ. Max. Unit 

v 

400 flA 
2 mA 

± 400 nA 

Typ. Max. Unit 

4 v 
0.006 Q 

Typ. Max. Unit 

mho 

12000 pF 
4000 pF 
720 pF 

Typ. Max. Unit 

200 ns 
ns 

1500 ns 
600 ns 

Typ. Max. Unit 

200 A 
600 A 

2 v 
80 ns 

2/2 
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TSD250N05F 
TSD250N05V 

N -CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 

TENTATIVE DATA 

TYPE 

TSD250N05FIV 

• VERY HIGH DENSITY POWER MOS 
TECHNOLOGY 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• ISOLATED CASE (2500V RMS) 
• EASY TO MOUNT 
• LOW INTERNAL PARASITIC INDUCTANCE 

(TYPICALLY SnH) 
TSD250N05V TSD250N05F 

INDUSTRIAL APPLICATIONS: 
• DC/DC & DC/AC CONVERTERS 

ISOTOP 

• SMPS& UPS 
• MOTOR CONTROL 

INTERNAL SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vos Drain-Source Voltage (VGs = 0) 50 v 
VoGR Drain-Gate Voltage (RGs = 20 kn) 50 v 
VGs Gate-Source Voltage ± 20 v 
lo Drain Current (continuous) at Tc = 25 °C 250 A 

lo Drain Current (continuous) at Tc = 100 °C 155 A 

1oM(•) Drain Current (pulsed) 750 A 

Ptot Total Dissipation at Tc = 25 °C 500 w 
Derating Factor 4 W/°C 

Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

Vtso Insulation Withstand Voltage (AC) 2500 v 
(•) Pulse width hm•ted by safe operating area 

July 1990 1/1 
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~ SGS·ntOMSON .. ~I ~o©rru@rnlLrn©'D'lm@ffi!lD©~ BVT 230PI{V)-200 ~4oo 

FAST RECOVERY RECTIFIER DIODES 

• VERY LOW REVERSE RECOVERY TIME 
• VERY LOW SWITCHING LOSSES 
• LOW NOISE TURN-OFF SWITCHING 
• INSULATED: Capacitance 45pF 

DESCRIPTION 

Double rectifiers suited for switching mode power 
supply. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

IFRM Repetitive Peak Forward Current 

IF(RMS) RMS Forward Current 

IF(AV) Average Forward Current 

IFSM Surge non Repetitive Forward Current 

p Power Dissipation 

Tstg Storage and Junction Temperature Range 
Tl 

Symbol Parameter 

VRRM Repetitive Peak Reverse Voltage 

•yRSM Non Repetitive Peak Reverse Voltage 

THERMAL RESISTANCES 

Symbol Test Conditions 

Rth (J-C) Junction-case 

Rth (c) Coupling 

June 1989 

Insulating voltage 2500 VRMS 

Fast-on version Screw version 

tp :5 10f1S 

per leg 

Tease = eooc 
li = 0.5 per leg 

tp = 10ms-
Sinusoidal 

Tease = 60°C 
per leg 

I per leg 
total 

ISOTOP 
(Plastic) 

Value 

500 

50 

30 

350 

50 

-40 to+ 150 

BYT 230PI(V)-

200 300 400 

200 300 400 

250 350 450 

Value 

1.!5 
0.8 

0.1 

Unit 

A 

A 

A 

A 

w 

oc 

Unit 

v 
v 

Unit 

°C/W 

°C/W 

1/6 
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BYT 230PI(V)-200 -7 400 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 

Symbol Test Conditions 

IR T, = 25°C VR = VRRM 

Ti = 100°C 

VF Tj = 25°C IF= 30A 

T1 = 1o·ooc 

RECOVERY CHARACTERISTICS 

Symbol Test Conditions 

lrr T1 = 25°C IIF = 1A diF/dt = - 15AIJ.1S 

J IF= 0.5A IR = 1A 

Min. 

Min. 

VR = 30V 

lrr = 0.25A 

TURN -OFF SWITCHING CHARACTERISTICS (Without Series Inductance) 

Symbol Test Conditions Min. 

lrRM diF/dt =- 120AIJ.1S Vee = 200V IF= 30A 

diF/dt =- 240AIJ.1S Lp ~ 0.05J.1H Ti = 100°C 

IRM diF/dt =- 120A!J.IS 
See Figure 11 

di F/dt = - 240A!J.IS 

TURN -OFF OVERVOL TAGE COEFFICIENT (With Series Inductance) 

Symbol Test Conditions Min. 

C = VRP Tj = 100°C Vee= 60V IF= IF(AV) See note 

Vee di Fidt = - 30A/J.IS Lp = 111H See Figure 12 

Note : Applicable to BYT 230PI(V)-400 only 

To evaluate the conduction losses use the following equations : 

VF = 1.1 + 0.0095 IF P = 1.1 X IF(AV) + 0.0095 IF2(RMS) 

2/6 
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Typ. Max. Unit 

35 J.IA 

6 rnA 

1.5 v 
1.4 

Typ. Max. Unit 

100 ns 

50 

Typ. Max. Unit 

75 ns 

50 

9 A 

12 

Typ. Max. Unit 

3.3 



PACKAGE MECHANICAL DATA 

ISOTOP Plastic: FAST-ON VERSION 

~" 
~- g· .------d---1_1, 

Marking : type number 

ISOTOP Plastic : SCREW VERSION 

Marking : type number + suff1x V 

Recommended screw torque value : 13 ± 2kg em 
Maximum screw torque value : 15kg em 

31,5 
31,7 

0 4,1 
4, 

149 
15,1 
30 I 
30,3 

31! 
38,2 

BYT 230PI(V)-200 --7 400 

0 4,1 
0 4,3 

- 0,75 "'"' '"'! "": 
-o,ss ~~~::;: 

-

l& =\------"-

2,05 
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BYT 230PICV)-200 ~ 400 
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FIGURE 1 : Low frequence power losses versus 
average current. 
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Tp 
Tj = 100'C 
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............. 
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FIGURE 3: Non repetitive peak surge current versus 
overload duration. 
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FIGURE 5 : Voltage drop versus forward current. 
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FIGURE 4 : Thermal impedance venus pulse width. 
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FIGURE 6 : Recovery charge versus dlffdt· (A/J.tS) 
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FIGURE 8 : Peak reverse current versus dlf/dt· (A/ps) 
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FIGURE 10 : Dynamic parameters versus junction 
temperature. 

vee 

Figure 11 :Turn-off switching characteristics (without series inductance). 
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BYT 230PI(V)-200 --7 400 

Figure 12: Turn-off switching characteristics (with series inductance). 
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G; SGS·THOMSON 
~I ~~t~@~[L~t'IT~@U\!l~t~ BYT 230 PI(V)-600/800 

FAST RECOVERY RECTIFIER DIODES 

• HIGH REVERSE VOLTAGE CAPABILITY 
• VERY LOW REVERSE RECOVERY TIME 
• VERY LOW SWITCHING LOSSES 
• LOW NOISE TURN-OFF SWITCHING 
• INSULATED: Capacitance 45pF 

DESCRIPTION 

Double rectifiers suited for switching mode power 
supply. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

IFRM Repetitive Peak Forward Current 

JF(RMS) RMS Forward Current 

IF(AV) Average Forward Current 

IFsM Surge non Repetitive Forward Current 

p Power Dissipation 

T stg Storage and Junction Temperature Range 
Tl 

Symbol Parameter 

VRRM Repetitive Peak Reverse Voltage 

VRsM Non Repetitive Peak Reverse Voltage 

THERMAL RESISTANCES 

Symbol Parameter 

Rth (i·c) Junction-case 

Rth (c) Coupling 

June 1989 

Insulating voltage 2500 VRMS 

Fast-on version Screw version 

tp $ 10[!S 

per leg 

Tease = 50°C 
1i = 0.5 per leg 

tp = 10ms 
Sinusoidal 

T case = 50°C 
per leg 

per leg 
total 

ISOTOP 
(Plastic) 

Value 

375 

70 

30 

200 

60 

- 40 to+ 150 

BYT 230 PI (V)-

600 800 

600 BOO 
640 850 

Value 

1.5 
0.8 

0.1 

Unit 

A 

A 

A 

A 

w 

oc 

Unit 

v 
v 

Unit 

°C/W 

oc;w 

1/6 
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BYT 230 PI(V)-600/800 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 

Symbol Test Conditions 

IR T1 = 25°C VR = VRRM 

T1 = 100°C 

VF Tj = 25°C IF= 30A 

T1 = 1oooc 

RECOVERY CHARACTERISTICS 

Symbol Test Conditions 

lrr T1 = 25°C IIF = 1A diF/dt =-15A/JlS 

IIF =0.5A IR=1A 

Min. 

Min. 

VR = 30V 

IRA =0.25A 

TURN -OFF SWITCHING CHARACTERISTICS (Without Series Inductance) 

Symbol Test Conditions Min. 

lrRM diF/dl =- 120A/JlS Vee =200V IF= 30A 

di Ffdl =- 240A/JlS Lp ~ 0.05J.IH T1 = 100°C 

lAM di F/dt = - 120A/JlS 
See Figure 11 

diF/dl =- 240AIJ.!S 

TURN -OFF OVERVOL TAGE COEFFICIENT (With Series Inductance) 

Symbol Test Conditions Min. 

C = VRP Ti = 100°C Vee= 150V IF= IF(AV) 

Vee 
diF/dl =- 30A/J.IS Lp = 4J.IH See Figure 12 

To evaluate the conduction losses use the following equation : 
VF = 1.47 + O.D1 0 IF p = 1.47 X IF(AV) + 0.01 01F2(RMS) 

2/6 
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Typ. Max. Unit 

100 JlA 

5 mA 

1.9 v 
1.8 

Typ. Max. Unit 

130 ns 

55 

Typ. Max. Unit 

160 ns 

100 

15 A 

19 

Typ. Max. Unit 

4 



PACKAGE MECHANICAL DATA 

ISOTOP Plastic: FAST-ON VERSION 

Marking : type number 

ISOTOP Plastic : SCREW VERSION 

Mark1ng : type number + Suff1x V 

Recommended screw torque value : 13 ± 2kg.cm. 
Maximum screw torque value · 15kg.cm. 

30.3 
38 

38,2 

BYT 230 PI(V)-600/800 

3/6 
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BYT 230 PI(V)-600/800 
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FIGURE 1 : low frequency power losses 
versus average current. 
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FIGURE 5 : Voltage drop versus forward 
current. 
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FIGURE 2 : Peak current versus form 
factor. 
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FIGURE 4 : Thermal impedance versus 
pulse width. 
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FIGURE B : Recovery charge versus d1f/dt. 
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Figure 11 :Turn-off switching characteristics (without series inductance). 
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BYT 230 PI(V)-600/800 

Figure 12: Turn-off switching charcteristics (with series inductance). 
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BYT 230 PI{V)-1 000 

FAST RECOVERY RECTIFIER DIODE 

• VERY HIGH REVERSE VOLTAGE CAPABILITY 
• VERY LOW REVERSE RECOVERY TIME 
• VERY LOW SWITCHING LOSSES 
• LOW NOISE TURN-OFF SWITCHING 
• INSULATED: Capacitance 45pF 

DESCRIPTION 

Double rectifiers suited for switching mode power 
supply. 

ABSOLUTE RATINGS 

Symbol Parameter 

VRRM Repetitive Peak Reverse Voltage 

VRsM Non Repetitive Peak Reverse Voltage 

IFRM Repetitive Peak Forward Current 

IF(RMS) RMS Forward Current 

IF(AV) Average Forward Current 

IFsM Surge Non Repetitive Forward Current 

p Power Dissipation 

Tstg Storage and Junction Temperature Range 
Tl 

THERMAL RESISTANCES 

Symbol Parameter 

Rth (J-C) Junction-case 

Rth (c) Coupling 

June 1989 

Insulating voltage : 2500 VRMS 

Fast-on version 

tp ~ 101J.S 

per leg 

Tease = 50°C 
o = 0.5 per leg 

tp = 10ms 
SinusoTdal 

T case = 50°C 
per leg 

ISOTOP 
(Plastic) 

Value 

1000 

1000 

375 

70 

30 

200 

60 

Screw version 

Unit 

v 
v 
A 

A 

A 

A 

w 

-40 to+ 150 oc 

Value Unit 

I per leg 1.5 ocrw 
total 0.8 

0.1 °C/W 

1/6 
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BYT 230 PICVl-1000 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 

Symbol Test Conditions 

IR T1 = 25°C VR = VRRM 

T1 = 1oooc 

VF T1 = 25°C IF= 30A 

T1 = 100°C 

RECOVERY CHARACTERISTICS 

Symbol Test Conditions 

lrr T1 = 25°C [IF= 1A di Ffdt = - 15A/J.LS 

[IF =0.5A IR=1A 

Min. 

Min. 

VR =30V 

1rr=0.25A 

TURN-OFF SWITCHING CHARACTERISTICS (Without Series Inductance) 

Symbol Test Conditions Min. 

I JAM diF/dl =-120A/J.LS Vee =200V IF = 30A 

di F/dl =- 240A/J.LS Lp ~ 0.05J.LH T1 = 100°C 

lAM diF/dl =-120A/J.1S 
See figure 11 

di Ffdl =- 240A/J.LS 

TURN-OFF OVERVOL TAGE COEFFICIENT (With Series Inductance) 

Symbol Test Conditions Min. 

C= VRP TJ = 100°C Vee =200V IF= IF (AV) 

Vee di Fldt = - 30A/J.1S Lp = 5J.1H See figure 12 

To evaluate the conduction losses use the following equation : 

VF = 1.47 + 0.010 IF P = 1.47 X IF(AV) + 0.01 01F2(RMS) 

216 

418 

Typ. Max. Unit 

100 J.LA 

5 rnA 

1.9 v 
1.8 

Typ. Max. Unit 

165 ns 

70 

Typ. Max. Unit 

200 ns 

120 

19.5 A 

22 

Typ. Max. Unit 

4.5 



PACKAGE MECHANICAL DATA 

ISOTOP Plastic : FAST-ON VERSION 

"'" g g r------d__j___b 

Marking :type number 

ISOTOP Pastic : SCREW VERSION 

Marking : type number + suffix V 

31,5 
31,7 

04,1 
4,3 

14 9 
15,1 

30.1 
30,3 
3a 

38,2 

Recommended screw torque value · 13 ± 2kg.cm 
Maximum screw torque value : 15kg em. 

BYT 230 PI(V)-1 000 

0 4,1 

0 4,3 

. 0.75 .oro_N, v, 

-o,B5 ~~~:;::: 

. 

=\-----l l&-
2,05 
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BYT 230 PI(V)-1000 
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FIGURE 1 : Low frequency power losses 
versus average current. 
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BYT 230 PICVl-1 000 

DUT 

Lp 
\tc 

Figure 12: Turn-off switching characteristics (with series inductance). 
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BYT 230 PI(V)-1200 

FAST RECOVERY RECTIFIER DIODE 

• VERY HIGH REVERSE VOLTAGE CAPABILI-
TY 

• VERY LOW REVERSE RECOVERY TIME 
• VERY LOW SWITCHING LOSSES 
• LOW NOISE TURN-OFF SWITCHING 
• INSULATED : Capacitance 45pF 

DESCRIPTION 
Double rectifiers suited for switching mode power 
supply. 

ABSOLUTE RATINGS 

Symbol Parameter 

VRRM Repetitive Peak Reverse Voltage 

VRSM Non Repetitive Peak Reverse Voltage 

IFRM Repetitive Peak Forward Current 

IF(RMS) RMS Forward Current 

IF(AV) Average Forward Current 

IFsM Surge Non Repetitive Forward Current 

p Power Dissipation 

Tstg Storage and Junction Temperature Range 
Tl 

THERMAL RESISTANCES 

Symbol Parameter 

Rth (J·C) Junction-case 

Rth (c) Coupling 

July 1989 

Insulating voltage : 2500 VRMs 

Fast-on version 

tp ~ 10JlS 

per leg 

T case ~ 55°C 
o ~ 0.5 per leg 

tp ~ 10ms 
Sinuso"idal 

T case ~ 55°C 
per leg 

ISOTOP 
(Plastic) 

Value 

1200 

1200 

375 

70 

30 

200 

60 

Screw version 

Unit 

v 
v 
A 

A 

A 

A 

w 

-40 to+ 150 oc 

Value Unit 

I per leg 1.5 oc/W 
total 0.8 

0.1 °C/W 

1/4 

423 



BVT 230 PICVl-1200 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 

Symbol Test Conditions 

lA T1 = 25•c VA= VAAM 

T1 = 1oo•c 

VF T1 = 25•c IF= 30A 

T1 = 1oo•c 

RECOVERY CHARACTERISTICS 

Symbol Test Conditions 

lrr T1 =25°C I IF= 1A diF/dt =-15A/~ts 

I IF= 0.5A lA = 1A 

Min. 

Min. 

VA =30V 

1rr=0.25A 

TURN-OFF SWITCHING CHARACTERISTICS (Without Series Inductance) 

Symbol Test Conditions 

I JAM diF/dt =-120AI!!S Vee= 200V IF =30A 

di Fldl =- 240AI!!S Lp ~ 0.05!!H T1 = 100•C 

lAM di F/dt =- 120A/!!S 
See figure 1 

di Fldt =- 240AI!!S 

TURN-OFF OVERVOL TAGE COEFFICIENT (With Series Inductance) 

Symbol Test Conditions 

C= VAP T1 = 1oo•c Vee =200V IF= IF (AV) 

Vee diF/dt =- 30A/!!S Lp = 5!!H See figure 2 

To evaluate the conduction losses use the following equations : 
VF = 1.47 + 0.010 IF p = 1.47 X IF(AV) + 0.01 01F2(RMS) 

2/4 
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J:ifi SGS·THDMSDN ="'!I i1iilDICIII!©rn~m!:'ll'lll!©llllD!lS 

Min. 

Min. 

Typ. Max. Unit 

100 !!A 

5 rnA 

1.9 v 
1.8 

Typ. Max. Unit 

165 ns 

70 

Typ. Max. Unit 

200 ns 

120 

20 A 

22 

Typ. Max. Unit 

3.3 4.5 



PACKAGE MECHANICAL DATA 

ISOTOP Plastic : FAST-ON VERSION 

Marking :type number 

ISOTOP Plastic : SCREW VERSION 

Mari<ing : type number + Suffix V 

30,3 
38 

38,2 

Recommended screw torque value : 13 ± 2kg em. 
Maximum screw torque value : 15kg.cm 

BYT 230 PI(V)-1200 

3/4 
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BYT 230~PI(V)-1200 

OUT 

Vee VF 

vee 

Figure 1 : Turn-off switching characteristics (without series inductance). 

OUT 

Lp 
Vee 

Figure 2 :Turn-off switching characteristics (with series inductance). 
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BYT 261 PI(V)-200~400 

FAST RECOVERY RECTIFIER DIODES 

• VERY LOW REVERSE RECOVERY TIME 
• VERY LOW SWITCHING LOSSES 
• LOW NOISE TURN-OFF SWITCHING 
• INSULATED : Capacitance4 5pF 

DESCRIPTION 
Double rectifier suited for switching mode power 
supply. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

IFRM Repetitive Peak Forward Current 

IF(RMS) RMS Forward Current 

IF(AV) Average Forward Current 

IFSM Surge non Repetitive Forward Current 

p Power Dissipation 

Tstg Storage and Junction Temperature Range 
TJ 

Symbol Parameter 

VRRM Repetitive Peak Reverse Voltage 

VRsM Non Repetitive Peak Reverse Voltage 

THERMAL RESISTANCES 

Symbol Test Conditions 

Rth (J-C) Junction-case 

Rth (c) Coupling 

July 1989 

Insulating voltage 2500 VRMS 

Fast-on version 

tp $ 10j.!S 

per leg 

Tease = 80°C 
li = 0.5 per leg 

tp = 10ms 
Sinusoidal 

T case = aooc 
per leg 

ISOTOP 
(Plastic) 

Value 

800 

140 

60 

600 

100 

Screw version 

Unit 

A 

A 

A 

A 

w 

-40 to+ 150 oc 

BVT 261 PI(V)-
Unit 

200 300 400 

200 300 400 v 
250 350 450 v 

Value Unit 

I per leg 0.7 oc/W 
total 0.4 

0.1 °C/W 
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BVT 261 PICVl-200 ~ 400 

ELECTRICAL CHARACTERISTICS (per leg) 

STATIC CHARACTERISTICS 

Symbol Test Conditions 

IR T1 = 25°C VA'= VRRM 

T1 = 1oooc 

VF T1 = 25°C IF= 60A 

Tj = 100°C 

RECOVERY CHARACTERISTICS 

Symbol Test Conditions 

lrr T1 = 25°C IIF = 1A diFidt = - 15AIJ.1S 

I IF= 0.5A IR = 1A 

Min. 

Min. 

VA= 30V 

lrr = 0.25A 

TURN-OFF SWITCHING CHARACTERISTICS (Without Series Inductance) 

Symbol Test Conditions 

tJAM di Ffdl = - 240A/JlS Vee =200V IF= 60A 

di Fldt = - 480AIJ.1S Lp ~ 0.05!lH T1 = 1oooc 

lAM di Ffdt = - 240A/JlS 
See figure 1 

diF/dt =- 480A/JlS 

TURN-OFF OVERVOLTAGE COEFFICIENT ((With Series Inductance) 

Symbol Test Conditions 

C = VAP TJ = 100°C Vee= 120V IF= lF(AV) See note 

Vee diFidt =- 60A/JlS Lp = O.SJlH See figure 2 

Note : Applicable to BYT 230PI(V)-400 only 

To evaluate the conduction losses use the following equations : 

VF = 1.1 + 0.0045 IF p = 1.1 X IF(AV) + 0.00451F2(RMS) 

214 

428 

J:,ifi SGS·THOMSON 
~I 11:11Di:IJII@~~IWIJ"IJII@IRJOC$ 

Min. 

Min. 

Typ. Max. Unit 

60 JlA 

6 rnA 

1.5 v 
1.4 

Typ. Max. Unit 

100 ns 
50 

Typ. Max. Unit 

75 ns 
50 

18 A 

24 

Typ. Max. Unit 

3.3 4 



PACKAGE MECHANICAL DATA 

ISOTOP Plastic : FAST-ON VERSION 

Marking : type number 

ISOTOP Plastic : SCREW VERSION 

Mark1ng : type number + Suffix V 

Recommended screw torque value : 13 ± 2kg.cm. 
Maximum screw torque value : 15kg.cm. 

BVT 261 PI(V)-200 ~ 400 

,3 
38 

38,2 
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BYT 261 PI(V)-200 ~ 400 

DUT 

Figure 1 : Turn-off switching characteristics (without series inductance). 

Figure 2 : Turn-off switching characteristics (with series inductance). 
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BVT 261 PI(V)-600/800 

FAST RECOVERY RECTIFIER DIODES 

• HIGH REVERSE VOLTAGE CAPABILITY 
• VERY LOW REVERSE RECOVERY TIME 
• VERY LOW SWITCHING LOSSES 
• LOW NOISE TURN-OFF SWITCHING 
• INSULATED: Capacitance 45pF 

SUITABLE APPLICATIONS 
• FREE WHEELING DIODE IN CONVERTERS 

AND MOTOR CONTROL CIRCUITS 
• RECTIFIER IN S.M.P.S. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

IF AM Repetitive Peak Forward Current 

IF(RMS) RMS Forward Current 

IF(AV) Average Forward Current 

IFSM Surge non Repetitive Forward Current 

p Power Dissipation 

Tstg Storage and Junction Temperature Range 
Tl 

Symbol Parameter 

VRRM Repetitive Peak Reverse Voltage 

VRsM Non Repetitive Peak Reverse Voltage 

June 1989 

Insulating voltage 2500 VRMS 

Fast-on version Screw version 

tp S 10J.1S 

per leg 

Tease = sooc 
1i = 0.5 per leg 

tp = 10ms 
Sinusoidal 

T case = 60°C 
per leg 

ISOTOP 
(Plastic) 

Value 

750 

140 

60 

400 

130 

-40 to+ 150 

BYT 261 PI {V)· 

600 800 

600 800 

640 850 

Unit 

A 

A 

A 

A 

w 

oc 

Unit 

v 
v 
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BYT 261 PI(V)-600/800 

THERMAL RESISTANCES 

Symbol Test Conditions 

Rth IJ·~I Per Leg 

Total 

Rth IJ1·J21 Coupling 

Rth (c·f) 
. Contact-between Case and Heatsink 

• Torque value of screw mounting on cooling f1n : 13kg.cm. 
Thermal compound shall be applied between case and cooling f1n. 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 

Symbol Test Conditions 

lA T1 = 25'C VA = VAAM 

T1 = 100'C 

VF T; = 25'C IF= 60A 

T1 = 100'C 

RECOVERY CHARACTERISTICS 

Symbol Test Conditions 

trr T1 = 25'C I IF= 1A diF/dt = - 15AillS 

I IF= 0.5A IA=1A 

Min. 

Min. 

Min. 

VA= 30V 

1,, = 0.25A 

TURN -OFF SWITCHING CHARACTERISTICS (Without Series Inductance) 

Symbol Test Conditions Min. 

tiAM diF/dt = - 240AillS Vee = 200V IF= 60A 

diF/dl = - 480AillS Lp,; 0.051-!H T1 = 100'C 

lAM diFidt =- 240AillS 
See figure 1 

diF/dt =- 480AillS 

TURN -OFF OVERVOL TAGE COEFFICIENT (With Series Inductance) 

Symbol Test Conditions Min. 

C = VAP T1 = 100'C Vee= 150V IF = IF(AV) 

Vee diF/dt = - 60AfllS Lp = 21-!H See figure 2 

To evaluate the conduction losses use the following equations : 

VF = 1.47 + 0.005 IF P = 1.47 X IF(AV) + 0.0051F(RMS)2 
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Typ. Max. Unit 

0.7 'C/W 

0.4 

0.1 

0.05 

Typ. Max. Unit 

100 llA 

6 mA 

1.g v 
1.8 

Typ. Max. Unit 

135 ns 

65 

Typ. Max. Unit 

160 ns 

100 

30 A 

38 

Typ. Max. Unit 

3.3 4 



PACKAGE MECHANICAL DATA 

ISOTOP Plastic: FAST-ON VERSION 

Marking . type number 

ISOTOP Plastic : SCREW VERSION 

31,5 
31,7 

04,1 
4,3 

14,9 
15,1 
30,1 
30,3 
38 

38,2 

BYT 261 PI(V)-600/800 

38,2 
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BYT 261 PI(V)-600/800 

DUT 

Figure 1 :Turn-off switching characteristics (without series inductance) 

Figure 2 : Turn-off switching characteristics (without series inductance) 
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BVT 261 PI(V)-1 000 

FAST RECOVERY RECTIFIER DIODE 

• VERY HIGH REVERSE VOLTAGE CAPA-
BILITY 

• VERY LOW REVERSE RECOVERY TIME 
• VERY LOW SWITCHING LOSSES 
• LOW NOISE TURN-OFF SWITCHING 
• INSULATED: Capacitance 45pF 

DESCRIPTION 

Double rectifiers suited for switching mode power 
supply. 

ABSOLUTE RATINGS 

Symbol Parameter 

VRRM Repetitive Peak Reverse Voltage 

VRsM Non Repetitive Peak Reverse Voltage 

IFRM Repetitive Peak Forward Current 

IF(RMS) RMS Forward Current 

IF(AV) Average Forward Current 

IFSM Surge Non Repetitive Forward Current 

p Power Dissipation 

Tstg Storage and Junction Temperature Range 
Ti 

THERMAL RESISTANCES 

Symbol Parameter 

Rth (J·C) Junction-case 

Rth (c) Coupling 

July 1989 

Insulating voltage : 2500 VRMS 

Fast-on version 

tp S 10J.!S 

per leg 

Tease =Boac 
ll = 0.5 per leg 

tp = 10ms 
Sinuso'idal 

T case = 60°C 
per leg 

ISO TOP 
(Plastic) 

Value 

1000 

1000 

750 

140 

60 

400 

130 

Screw version 

Unit 

v 
v 
A 

A 

A 

A 

w 

-40 to+ 150 oc 

Value Unit 

I per leg 0.7 °C/W 
total 0.4 

0.1 °C/W 
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BVT 261 PI(V)-1000 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS 

Symbol Test Conditions 

lA Tj = 25°C VA= VAAM 

T1 = 1oooc 

VF T1 = 25°C IF= 60A 

T1 = 100°C 

RECOVERY CHARACTERISTICS 

Symbol Test Conditions 

lrr Ti =25°C I IF= 1A di F/dt = - 15AI).lS 

I1F=0.5A lA = 1A 

Min. 

Min. 

VA =30V 

1rr=0.25A 

TURN-OFF SWITCHING CHARACTERISTICS (Without Series Inductance) 

Symbol Test Conditions Min. 

I JAM di Fldt =- 240AI).lS Vee= 200V IF= 60A 

di Fldt =- 480AI).lS Lp :5 0.05J.!H T1 = 100°C 

lAM diF/d! =- 240A!J.lS 
See figure 1 

di Fldt =- 480AI).lS 

TURN-OFF OVERVOLTAGE COEFFICIENT (With Series Inductance) 

Symbol Test Conditions Min. 

VAP T1 = 100°C Vee= 200V IF= IF (AV) 
C=-- diF/dt =- 60AIJ.!S Lp = 2.5J.lH See figure 2 Vee 

To evaluate the conduction losses use the following equations : 

VF = 1.47 + 0.005 IF p = 1.47 X IF(AV} + 0.005 IF2(RMS) 
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Typ. Max. Unit 

100 J.lA 

6 rnA 

1.9 v 
1.8 

Typ. Max. Unit 

170 ns 

70 

Typ. Max. Unit 

200 ns 

120 

40 A 

44 

Typ. Max. Unit 

3.3 4.5 



PACKAGE MECHANICAL DATA 

ISOTOP Plastic : FAST-ON VERSION 

Marking type number 

ISOTOP Plastic : SCREW VERSION 

Marking : type number + Suffix V 

38 
38,2 

Recommended screw torque value : 13 ± 2kg.cm. 
Maximum screw torque value : 15kg.cm. 

~ SGS·111DMSDN a."'f/ ~Uilfli@l!f!.IEC'IJ'IIi~UICI!! 

BYT 261 PI(V)-1 000 
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BVT 261 PI(V)-1000 

DUT 

Figure 1 :Turn-off switching characteristics (without series inductance). 

DUT 

Lp 
\tc 

Figure 2: Turn-off switching characteristics (with series inductance). 
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BYV 54(V)-50 ~ 200 

HIGH EFFICIENCY FAST RECOVERY RECTIFIER DIODES 

• VERY SMALL CONDUCTION LOSSES 
• NEGLIGIBLE SWITCHING LOSSES 
• LOW FORWARD AND REVERSE RECOVERY 

TIMES 
• REDUCED SIZE 
• INSULATED :capacitance 45pF 

DESCRIPTION 

Low voltage drop double rectifiers suited for 
switching mode power supply. 

ABSOLUTE RATINGS(Iimiting values) 

Symbol Parameter 

IFRM Repetitive Peak Forward Current 

IF(RMS) RMS Forward Current 

IF(AV) Average Forward Current 

IFsM Surge non Repetitive Forward Current 

Ptot Power Dissipation 

Tstg Storage and Junction Temperature Range 

TJ 

Symbol Parameter 

VRRM Repetitive Peak Reverse Voltage 

VRsM Non Repetitive Peak Reverse Voltage 

THERMAL RESISTANCES 

Symbol Parameter 

Rth (J-C) Junction-case 

Rth (c) Coupling 

June 1989 

Insulating voltage 2500 VRMS 

Fast-on version Screw version 

tp s 20!lS 

Tc =9o•c 
0 = 0.5 

tp = 10ms 
sinusoidal 

Tc = 9o•c 

50 

50 

55 

ISOTOP 
(Plastic) 

Value 

1000 

100 per leg 

50 per leg 

1000 

50 per leg 

-40 to 150 

BVV 54 (V)-

100 150 200 

100 150 200 

110 165 220 

Value 

1.2 per leg 
0.85 total 

0.1 

Unit 

A 

A 

A 

A 

w 
•c 

Unit 

v 
v 

Unit 

•crw 

•crw 
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BYV 54(V)-50 ~ 200 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS (per leg) 

Symbol Test Conditions 

IR Tl = 25'C I VR = VRRM 

T1 = 100'C I 
VF Ti = 25'C IF= 160A 

T1 = 100'C IF= 50A 

RECOVERY CHARACTERISTICS (per leg) 

Symbol Test Conditions 

lrr T1 = 25'C IF= 1A 
VR = 30V see figure 11 

Orr T1 = 25'C IF= 2A 
VR :> 30V 

lfr T1 = 25'C IF= 1A 
Measured at 1.1 x VF 

VFP T1 = 25'C IF= 1A 

di Fldt = - 50A/~s 

di Fldt = - 20A/~s 

t, = 5ns 

t, = 5ns 

To evaluate the conduction losses use the following equations : 

VF = 0.7 + 0.00271F 
1 leg : P = 0.7 x IF (AV) + 0.0027 IF2(RMS) 

Total : P = 0.7 x IF (AV) + 0.0013 IF2(RMS) 
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Min. Typ. Max. Unit 

50 llA 
5 mA 

1.25 v 
0.85 

Min. Typ. Max. Unit 

60 ns 

30 nC 

10 ns 

1.5 v 
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FIGURE 2 : Peak current versus form 
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FIGURE 4 : Thermal impedance versus 
pulse width. 
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BYV 54(Vl-50 ~ 200 
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FIGI.IlE 9 : Capacitance versus reverse 
voltage applied. 

FI6111E 10 : Oyne•1c pere.aters versus 
junction te~ereture • 

~~v 
·~ l 

FlliUIE 11 : Measure.ant of trr (fig. 71 
1nd !1114 (f1g.B). 



PACKAGE MECHANICAL DATA 

ISOTOP : FAST-ON VERSION 

Marking :type number 

ISOTOP : SCREW VERSION 

31,5 
31,7 

l2l 4,1 

Marking : type number+ suff1x V 

Recommended screw torque value: 13 ± 2kg em 
Maximum screw torque value· 15kg em. 

4,3 
149 
15,1 
30,1 
30,3 

38 
38,2 

BYV 54(V)-50 --7 200 
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~ SGS·niOMSON 
A. '1 I ~o~~©~rL~~v~©~o~~ BYV 255(V)-50 ---7 200 

HIGH EFFICIENCY FAST RECOVERY RECTIFIER DIODES 

• VERY SMALL CONDUCTION LOSSES 
• NEGLIGIBLE SWITCHING LOSSES 
• LOW FORWARD AND REVERSE RECOVERY 

TIMES 
• INSULATED: capacitance 55pF 
• DOUBLE TWIN CHIPS 

SUITABLE APPLICATIONS 
• FREE WHEELING DIODE IN CONVERTERS 

AND MOTOR CONTROL CIRCUITS 
• RECTIFIER IN S.M.P.S. 

DESCRIPTION 

Low voltage drop double rectifiers. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

IF AM Repetitive Peak Forward Current 

IF(RMS) RMS Forward Current 

IF(AV) Average Forward Current 

IFsM Surge non Repetitive Forward Current 

Ptot Power Dissipation 

Tstg Storage and Junction Temperature Range 
Tl 

Symbol Parameter 

VRRM Repetitive Peak Reverse Voltage 

VRsM Non Repetitive Peak Reverse Voltage 

THERMAL RESISTANCES 

Symbol Parameter 

Rth (i·c) Junction-case 

Rth (c) Coupling 

July 1989 

Insulating voltage 2500 VRMS 

Fast-on version Screw version 

tp ~ 20j.lS 

T c = 11oac 
0 = 0.5 

tp = 10ms 
Sinusoidal 

Tc = 110°C 

50 

50 

55 

ISOTOP 
(Plastic) 

Value 

1500 

150 per leg 

100 per leg 

1600 

100 per leg 

-40 to 150 

BYV 255(V)-

100 150 

100 150 

110 165 

Value 

0.4 per leg 
0.25 total 

0.1 

Unit 

A 

A 

A 

A 

w 
'C 

200 
Unit 

200 v 
220 v 

Unit 

'C/W 

'C/W 

1/3 

445 



BVV 255(V)-50 ~ 200 

ELECTRICAL CHARACTERISTICS 

STATIC CHARACTERISTICS (per leg) 

Symbol Test Conditions 

IR Tl = 25°C I VR =VRRM 

TJ = 100°C I 
VF Tl = 25°C IF= 320A 

TJ = 100°C IF= 100A 

RECOVERY CHARACTERISTICS (per leg) 

Symbol Test Conditions 

lrr T1 = 25°C IF= 1A 
VR = 30V see figure 11 

Orr T1 = 25°C IF =2A 
VR ~ 30V 

ltr T1 = 25°C IF= 1A 
Measured at 1.1 x VF 

VFP T1 =25°C IF= 1A 

di Fldt = - 50AI!IS 

di F/dt = - 20A/!!S 

t, = 5ns 

t, =5ns 

TURN-OFF SWITCHING CHARACTERISTICS (per leg) 

Symbol Test Conditions 

IRM T1 = 100°C IF= 100A I di Fldt = - 200AI!!S 
Lp ~ 0.05!!H Vee~ 0.6 VRRM I di Fldt = - 400AI!IS See figure 12 

To evaluate the conduction losses use the following equations : 
VF = 0.7 + 0.00135 IF 
1 leg: P = 0.7 x IF (AV) + 0.001351F2(RMS) 

Total : P = 0.7 x IF (AV) + 0.0007 IF2(RM-S) 

213 

446 

Min. Typ. Max. Unit 

100 ~ 
10 mA 

1.25 v 
0.85 

Min. Typ. Max. Unit 

80 ns 

65 nC 

10 ns 

1.5 v 

Min. Typ. Max. Unit 

16 A 

24 



PACKAGE MECHANICAL DATA 

ISOTOP Plastic : FAST-ON VERSION 

Marking : type number 

ISOTOP Plastic : SCREW VERSION 

Marking : type number + suffix V 

Recommended screw torque value . 13 ± 2Kg em. 
Max1mum screw torque value : 15Kg.cm. 

30,3 
3a 

38,2 

Jffiy!( 
315 ~ 
31> 2.05 

0 4,1 
0 4,3 

BYV 255(V)-50 --7 200 

3/3 
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SGS40TA045 

NPN TRANSISTOR POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA­
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEo Collector-Emitter Voltage (Is= 0) 

VcEs Collector-Emitter Voltage (VsE= 0) 

VcEv Collector-Emitter Voltage (VsE = -2V) 

Vcso Collector-Base Voltage (IE= 0) 

VEBO Emitter-Base Voltage (lc = 0) 

lc Collector Current 

- lc Reverse Collector Current 

Is Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

T, Max. Operating Junction Temperature 

V1so Insulation Withstand Voltage (AC-RMS) 

July 1990 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

3 2 

~ 
6 

SC04510 

Value Unit 

450 v 
850 v 
850 v 
850 v 

5 v 
40 A 
40 A 
12 A 

4.00 A 

375 w 
-55 to 150 "c 

150 oc 
2500 v 

1/4 
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SGS40TA045 

THERMAL DATA 

Rthj-case Thermal Resistance Junction-case Max 
Rthc-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

I cEo Collector Cut-off VeE= 450 V 
Current 

IcEs Collector Cut-off VeE= 850 V 
Current (VeE = 0) VeE= 450 V T1 = 125 °C 

lcEV Collector Cut-off VcE=850V 
Current (VeE = -2 V) VeE= 450 V T1 = 125 °C 

lEBO Emitter Cut-off Current VEB = 5 V 
(lc = 0) 

VcE(sat)* Collector-Emitter lc = 40 A Is= 8 A 
Saturation Voltage 

VsE(sat)* Base-Emitter lc = 40 A Is= 8 A 
Saturation Voltage 

hFE* DC Current Gain lc = 40 A VeE= 2 V 5 
lc = 40 A VeE= 5 V 7 

INDUCTIVE LOAD Vee= 50 V lc = 40 A 
Is Storage Time ls1 = 8 A VsE(oft)= -5 V 
It Fall Time T1 :s 125 °C (see test circuits) 

' Pulsed: Pulse duration = 300 f1S, duty cycle 1.5 % 

Safe Operating Areas Thermal Impedance 

lc(A ) 

10' • • • 

I 

10-2 

GC1.4840 

lc MAX PULSED PULSE OPERATION • 40JlS 
,/ 

O.lms .1' 

lc MAX CONT 

lms 
D.C. OPERATION tOms 

= • For single non 
repetitive pulse 

::::::::: ===pj Tc-zs•c 

II IIIII I 
1 0° 2 

' ' ~ o 1 2 
' ' ~ 0 2 2 'vc~ (V) 

0.33 °C/W 

0.05 °C/W 

Typ. Max. Unit 

5 rnA 

2 rnA 
10 rnA 

1 rnA 
10 rnA 

2 rnA 

0.5 2 v 

1.1 2.2 v 

2.3 5 JlS 
0.28 0.55 JlS 

2/4 
-------------------------- L11 ~~~~~~~:oo~~ --------------------------
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Derating Curve 

% 
GC13060 

100 
ioo:,. 

t':::f...... 
--f.- Ptol 

~""" 

' i'-
1'- ls;s 1-1-

~ ....... 50 

[". 

' 
~ 

0 50 100 

DC Current Gain 

GC31081 

' I 
T, 125 °C II 

I 
T 25'C I I 
T, --40'C I I~ YcE=3V 

10 

-.. 
~ ~ 1 

' 
I 

I 

10 0 I I 
1 o0 

Base-Emitter Saturation Voltage 

GC31100 
) I 

1.6 

1- 1-1- h" =5 
T,=-4D'C 

I J..-f-::t 1.6 

:;; :;;;·;.;;o T.J.=125'C 
_, [..-" --,_I T, =25 •c 1.2 

...,.. if!. ~ 
:;;; 0.8 

0.4 
I I 

I I I I I 
0 10 20 30 LO 50 60 lc(A) 

SGS40TA045 

Output Characteristics 

G":51B30 0 

80 
18=10A 

I--I--...__ ~ 9A 

~ ~ ~ ~ 
SA f-- f--

1- 7A 
6A f--1---

~ ~ t:::-~ I:-1-- SA 

~ v t:.-1--1-" 4A f-- f--

1-- 3A 

~ t:::--I--
f--1---...__ 1-- 2A 

v 1-" 1--j-
lA 

r,..-1--1-" 

60 

40 

20 

0 2 4 8 VeE (V) 

Collector-Emitter Saturation Voltage 

GC3 0 '" 1) I VeE( so 
(V) 

2.4 

2 I 

~'--1- hrE =5 
T =125 •c 

1.6 

I 
, =25 'C 

1.2 

1/ / 
v i/ T, =-40'C 

0.8 

!,..-c.- l.--
....-: ~ ~ 0.4 

1-;-1 I 
0 10 20 30 40 50 60 lc(A) 

Reverse Biased SOA 

8 

7 

5 

4 

3 

2 

) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

VEE{oli)=-SV 
T,~125'C 

200 400 

GC31 110 

I I 

600 

451 



SGS40TA045 

Switching Times Inductive Load 

GCJ1120 

f,=125'C 

... b: :::::- f, =25'C 

f, 125'C 

-1--"11 

1 v ..... 11 =25'C 

Vdom,-300V C 

/ h,, 5 -
VaE(off) =-SV -

2 I I 
10 20 30 

RBSOA Test Circuit 

Ycramp 

SC04550 

tp adjusted for nominal lc; I ells= 5 

Switching Times Inductive Load Versus 
Temperature 

GC311.ll 
% 

r--- r---
V,lomp=300V I 
hFE =5 

t, v 
r--- r--- VBE(off) = -5V 

lc =40A I 

260 

220 

) 

v 180 

140 
..,...v 

/ t, 

"" 
...... 

100 
25 50 75 100 TJ ('C) 

Switching Times Test Circuit 

Ycramp 

SC04830 

4/4 
----------------------------~~~~~~~~:~?~ ----------------------------
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SGS40TA045D 

NPN TRANSISTOR POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

~ 
6 

SC04520 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEo Collector-Emitter Voltage (Is = 0) 450 v 
VcEs Collector-Emitter Voltage (VsE= 0) 850 v 
VcEv Collector-Emitter Voltage (VsE = -2V) 850 v 
Vcso Collector-Base Voltage (IE= 0) 850 v 
VEso Emitter-Base Voltage (lc = 0) 5 v 

lc Collector Current 40 A 

- lc Reverse Collector Current 40 A 

Is Base Current 12 A 

- lcsM Collector Surge Current 400 A 

Ptot Total Dissipation at Tc = 25 °C 375 w 
Tstg Storage Temperature -55 to 150 oc 

TJ Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/4 
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SGS40T A045D 

THERMAL DATA 

RthJ-case Thermal Resistance Junction-case Max 0.33 °C/W 
RthJ·Case Thermal Resistance Junction-case (diode) Max 1.1 °C/W 

Rthc-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

leEO Collector Cut-off VeE=450V 5 mA 
Current 

IcEs Collector Cut-off VeE= 850 V 2 mA 
Current (VsE = 0) VeE= 450 V T1 = 125 °C 10 mA 

leE X Collector Cut-off VeE= 850 V 1 mA 
Current (VsE = -2 V) VeE= 450 V T1 = 125 °C 10 mA 

lEBO Emitter Cut-off Current VEB = 5 V 2 mA 
(lc = 0) 

VeE(sat)* Collector-Emitter le = 40 A Is= 8 A 0_5 2 V· 
Saturation Voltage 

VsE(sat)* Base-Emitter le = 40 A Is= 8 A 1 .1 2_2 v 
Saturation Voltage 

hFE* DC Current Gain le = 40 A VeE= 2 V 5 
lc = 40 A VeE= 5 V 7 

INDUCTIVE LOAD Vee=50V lc = 40 A 
Is Storage Time 1st= 8 A VsE(off)= -5 V 2.3 5 [!S 

It Fall Time Tj:;; 125 °C (see test circuits) 0.28 0_55 [!S 

VF Diode Forward Voltage IF= 40 A 1.5 2 v 
lrr Diode Reverse IF= 40 A di/dt = 100 A/j.lS 0.2 0.5 j.lS 

Recovery Time 

* Pulsed: Pulse duration= 300 j.lS, duty cycle 1.5% 

Safe Operating Areas Thermal Impedance 

lc(A ) -·-·-
CC1.5070 

K 

lc MAX PULSED PULSE OPERATION • 40)'S 
,/ 

6 
O.fms'" 

6=1 
lc MAX CONT 

6 1 o'• 6 0.5 
0 ..QJ 

2 
D.C. OPERATION 10ms 

6 

6 = 0.1 
....... Zth = k RtnJ-c 

1 ......rrl o = t0jT 

10 

2== 
• For single non 

1 
repetitive pulse 

8 

:=== =J=1 Tc 25'C 

6 0 __n_n_ 
1/ --t±J 

2 
2 

11111111 1111111 

-10 3 10 2 10 1 10° t,(s) 

2/4 ---------------------------- ~~/ ~~~~~~u~:~~~ ----------------------------
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Derating Curve 

GC13060 

100 

~ 

50 

r-r-r- Ptol 
,, 

..... 
...... 's;e -r-

' " ' ..... 

r.... 
" 0 50 100 

DC Current Gain 

hF£ 
GC31Cll1 

r, -125 •c 

T =zs•c 

'"T =-4o•c ~ VcE=3V -~ ~ 10 1 

Base-Emitter Saturation Voltage 

Vat( ret) 
(V) 

2 

1.6 

1.6 

1.2 

0.8 

0.4 

0 

-

OC31100 

1-1- h,. =5 
r, =-4o•c 

1-: t::r 
1--:: :;;.. -- T -125 •c 

.,; ~ !--"' --- J =25 •c 

1.--' tt:' 

1/ 

I 
I 

10 20 30 40 50 60 lc(A) 

SGS40TA045D 

Output Characteristics 

GC318.30 

) 

80 
19 =10A 

~ 
- r--

~ 9A 

60 ~ ~ ~ f:::: 
BA - r--

~ 7A 

~ ~ ~ -::: ~ 
6A r--r--

1- SA 

~ ~ -!-' 4A ~ ~ _.. -~ 3A - 1::-
~ :,.....-- ~ 2A 

~ - - ~ 
-1A 

I"'--
40 

20 

0 2 4 6 8 VeE (V) 

Collector-Emitter Saturation Voltage 

YcE(sat ) 
(V) 
2.4 

2 

1.6 

1.2 

0.8 

0.4 

0 

GCJ1090 

1-r- - h,. =5 
T =12s•c 

I 
, =25 •c 

I / / 
I ~ / r,~. =-4o•c 

I ~ ~ .,; 

I ~ ~ :;;.... ....... 
-n 

10 20 30 LO 50 60 lc(A) 

Reverse Biased SOA 

80 

70 

60 

50 

40 

30 

20 

10 

0 

GCJIIIO 

VeE(olf)=-5V 
r,;;;1zs•c 

200 400 600 soov,,.m,(v) 

3/4 
---------------------------L~I ~~~;~~~:9~ ---------------------------
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SGS40T A045D 

Typical VF Versus IF 

-VcE(V) 
GC13UO 

2 

1.5 , 
A 

- TJoo25'C 
./. 

1-"'"/ 
TJ=125'C 

..... 

10' -lc (A) 

Switching Times Inductive Load Versus 
Temperature 

GC31131 

% 

- -
Yclomp=300V I 
h, =5 

t, If 
- - VaE(oH) =-SV 

lc =40A I 

260 

220 

/ 
/ 

180 

140 
// 

/ t, ,, 
100 

25 50 75 100 TJ ('C) 

Switching Times Test Circuit 

Vclomp 

Switching Times Inductive Load 

GC.31120 

I, oo125 'C 

,..-:l:;;: ;:::;- 1, -25'C 

t, 125 'C 

-I-

I 
.,.,., t1 =25'C 

Yclcmp-300V ~ 

/ hcE 5 f-
VBE(cff) =-5V 1-

2 I I 
10 20 30 

RBSOA Test Circuit 

Vclamp 

SC04550 

lp adjusted for nominal lc; lc/ls= 5 

4/4 
----------------------------J:~l ~~~;~~~~:~~~ ----------------------------
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SGS25DA080D 

NPN DARLINGTON POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 
• HIGH POWER DC/DC AND DC/AC CON­

VERTERS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEO Collector-Emitter Voltage (Is= 0) 

VcEs Collector-Emitter Voltage (VsE= 0) 

VcEv Collector-Emitter Voltage (VsE = -2V) 

Vcso Collector-Base Voltage (IE= 0) 

VEBO Emitter-Base Voltage (lc = 0) 

lc Collector Current 

- lc Reverse Collector Current 

Is Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

Tl Max. Operating Junction Temperature 

ViSO Insulation Withstand Voltage (AC-RMS) 

May 1990 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

3 2 

6 SC04530 

Value Unit 

800 v 
1200 v 
1200 v 
1200 v 

7 v 
25 A 

25 A 

3 A 

250 A 

375 w 
-55 to 150 oc 

150 oc 
2500 v 

1/4 
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SGS25DA080D 

THERMAL DATA 

RthJ·Case Thermal Resistance Junction-case Max 
Rthj-case Thermal Resistance Junction-case (diode) Max 

Rthc-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= 800 V 
Current (RBE1 = 3.3 kQ VeE= 800 V T1 = 125 °C 
RsE2 = 100 Q) 

IcEs# Collector Cut-off VeE= 1000 V 
Current (VsE = 0) VeE= 800 V T1 = 125 °C 

lcEV # Collector Cut-off VeE= 1200 V 
Current (VsE = -2 V) 

lEBo# Emitter Cut-off Current VEs = 5 V 
(lc = 0) 

VcE(sat)* Collector-Emitter lc = 25 A Is= 2.5 A 
Saturation Voltage 

VsE(sat)* Base-Emitter lc = 25 A Is= 2.5 A 
Saturation Voltage 

hFE* DC Current Gain lc = 25 A VeE= 3 V 
lc = 25 A VeE= 5 V 

INDUCTIVE LOAD Vee= 50 V lc = 25 A 
Is Storage Time ls1 = 1.3 A V SE(off)= -5 V 
tr Fall Time T1:;; 125 °C (see test circuits) 

VF Diode Forward Voltage IF= 25 A 

trr Diode Reverse IF= 25 A di!dt = 1 00 A/JlS 
Recovery Time 

• Pulsed: Pulse duration= 300 flS, duty cycle 1.5% 

#See test circuits in databook introduction 

Min. 

10 
15 

Safe Operating Areas Thermal Impedance 

' GC 3780 

lc (A) K 

40 I'' 

lc MAX PULSED ""'= PULSE OPERATION • \ 
,--------"----

0 = 1 
lc MAX CONT '\. * tOO JLS 

1 ms 

6 0.5 
;a 0.3,_ !/ 

DC OPERATION • -+ '\. "\, 0 = 0.1 
v 

I= • For single non 
f--- repetitive pulse '\. 10 ms f 

t ......rrT 
0 0 

1/ 

f--- Tc zs•c 
II II 

' . ' ' -

2/4 -------------- LV ~~~~m~~~:~~~ 
458 

0.33 °C/W 
1.1 °C/W 

0.05 °C/W 

Typ. Max. Unit 

2 mA 
10 mA 

2 mA 
10 mA 

2 mA 

2 mA 

3 v 

3.5 v 

6 JlS 
0.8 JlS 

2 v 
0.5 f.LS 

CC1 ~070 

Zth = k RthJ-c 

0 = fp/T 

JUL 
--{+±j 

11111111 IIIII 



SGS25DA080D 

Derating Curve Output Characteristics 
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GC13060 lc (A) 
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0.7A 
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I 
I 
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I 
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I 

I I I 

Vc£ =5V H-TJ =25 'C 
I 

2 

I I 
I I TJ=125'C 'rtf--I I 

4- hr, =20 I 
I I 
I / 
I 1/ / 

300 

I 
I 
I 
I 

I 

I !/ .., 
,#!. ..... 

TJ=25'C-
~:::= .... 

200 

100 
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0 10 20 30 40 lc(A) 0 5 1 0 15 20 25 30 lc (A) 

Base-Emitter Saturation Voltage Reverse Biased SOA 

GC1 !530 GC131310 

lc (A) 

I 
60 VeE(off)=-5V f-

hrE =20 
TJ,;125'C f-

50 

2 1- TJ I 25'S.- -- 40 - -..... 
TJ =25 'C 30 

20 

I 10 ..... 
I I I I 

0 5 1 0 1 5 20 25 30 lc (A) 0 200 600 

3/4 
---------------------------- ~~~~@~~u~:~~~ ----------------------------

459 



SGS25DA080D 

Typical VF Versus IF 

-VcE(V) 

2 

1.5 

1-

0.5 0 
10 

TJ=25'C 

,... 

CC131-40 

~ 
A 

......-: 

./ 

TJ=125"C 

-lc (A) 

Switching Times Inductive Load Versus 
Temperature 

% 

140 

130 

120 

110 

100 
0 

Vclamp = 300 V 
VsE(aff) = -SV 
h, =20 
lc =25A 

25 50 75 

Switching Times Test Circuit 

CC13540 

100TJ('C) 

Switching Times Inductive Load 

GC13150 

t, 125°C 

H::I:l-!-

..... ~ ... ~ t, =25'C 

t, 1 25'C 

~ t, 25'C 

~~-- I II 
Vclamp 300 v 
VBE(orr) 5V 
h" =20 

I II 
10 20 30 lc (A) 

RBSOA Test Circuit 

Ycramp 

SC04550 

t, adjusted for nominal lc; lciiB= 10 

4/4 

----------------------------~~~~~~~~:~~~ ----------------------------
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SGS30DA060D 

NPN DARLINGTON POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHEELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 
• HIGH POWER DC/DC AND DC/AC CON­

VERTERS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEo Collector-Emitter Voltage (Is= 0) 

VcEs Collector-Emitter Voltage (VsE= 0) 

VcEv Collector-Emitter Voltage (VsE = -2V) 

Vcso Collector-Base Voltage (IE= 0) 

VEBO Emitter-Base Voltage (lc = 0) 

lc Collector Current 

- lc Reverse Collector Current 

Is Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

Tt Max. Operating Junction Temperature 

VI SO Insulation Withstand Voltage (AC-RMS) 

Apri11990 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

3 2 

6 I. SC04530 

Value Unit 

600 v 
1000 v 
1000 v 
1000 v 

7 v 
30 A 

30 A 

3 A 

300 A 

375 w 
-55 to 150 oc 

150 oc 

2500 v 

1/4 
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SGS30DA060D 

THERMAL DATA 

Rthl·case Thermal Resistance Junction-case Max 
Rthi·Case Thermal Resistance Junction-case (diode) Max 

Rthc-h Thermal Resistance Case-heatsmk With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= 600 V 
Current (RsEt = 3.3 kQ VeE= 600 V T1 = 125 °C 
RsE2 = 100 Q) 

IcEs# Collector CJJt-off VeE= 1000 V 
Current (VsE = 0) VeE= 600 V T1 = 125 °C 

ICEV # Collector Cut-off VeE= 1000 V 
Current (VsE = -2 V) 

lEBO# Emitter Cut-off Current VEB = 5 V 
(lc = 0) 

VcE(sat)* Collector-Emitter lc = 30 A Is= 1 5 A 
Saturation Voltage 

VsE(sat)* Base-Emitter lc = 30 A Is= 1.5A 
Saturation Voltage 

hFE':· DC Current Gain lc = 30 A VeE= 2.5 V 
lc = 30 A VeE= 5 V 

INDUCTIVE LOAD Vee= 50 v lc = 30 A 
Is Storage Time 1st= 1.5 A VBE(off)= ·5 V 
It Fall Time Vclamp = 300 V T1 5: 125 °C 

(see test circuits) 

VF Diode Forward Voltage IF= 30 A 

trr Diode Reverse IF= 30 A di!dt = 1 00 AillS 
Recovery Time 

• Pulsed: Pulse duratton = 300 (.IS, duty cycle 1.5 % 
# See test ctrcutts tn databook mtroductton 

Min. 

20 
80 

Safe Operating Areas Thermal Impedance 

GC1.3020 

lc (A) K 

40 JLS 

lc MAX PULSED PULSE OPERATION ' 

100 JLS 

lc MAX CONT '\.1 ms 

DC OPERATION • 

f= • For single non 
~ 10 ms 

1 
repetilive pulse 

I= Tc 25°C 
2 I 1111111 I I Ill 

' . . 

0.33 °C/W 
1.1 °C/W 

0.05 °C/W 

Typ. Max. Unit 

2 mA 
10 mA 

2 mA 
10 mA 

2 mA 

2 mA 

2.2 2.5 v 

2 2.8 v 

100 

3 6 llS 
0.45 0.8 llS 

1.4 2 v 
0.2 0.5 llS 

CC1~070 

2/4 
---------------------------- A(~/ ~~~~~~v~:~~~ ----------------------------
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SGS30DA060D 

Derating Curves Output Characteristics 

GCI3060 lc (A) 
GC13090 

18 = lA 
0.9A 

40 O.BA 
0.7A 
0.6A 

100 
~ 

0.5A 
0.4A 30 

1": 
-- f-- Ptol 

, ...... 
, ...... 

...... ls;s 1-- 20 

50 1'. ...... 
I' I-.. 
I 
I :-.... 

0.3A 
0.2A 
O.IA 

10 

I 1'.. 
0 50 100 0 0 2 3 4 VeE (v) 

DC Current Gain Collector-Emitter Saturation Voltage 

GC1:3110 

hrc 
CC1J100 

I I I 
I ! _L 

1- T,=125'C J 
VeE =SV -f--f--

VcE(sa!) 

(V) I I I 
I T,=125'C 'rl-I 

f--f-- hH =20 
I 
I 

\I 

'\.!\ 
TJ=25'C I ~ 

2 I I 1/ 
r, =25 ·c I 

'd. / 
I}' ""' 

2 

...,...-; 
-....,J 1\ 

I i""ot-.; 
1-- TJ =-40 ·c 1\. ~ 

- '--i:::=i""" 
T, 40 ·c 

;;;..-

...... --..!. 

' '{..['N. 

0 5 1 0 1 5 20 25 30 0 5 1 0 1 5 20 25 30 lc (A) 

Base-Emitter Saturation Voltage Reverse Biased SOA 

CCI !5130 
Ye~(sat) 

(v) 

GCI:S120 
lc (A) 

60 

I I 
I I 

I 
VBE(off)=-5V 1--

hrc =20 
TJ ~125't 1--

50 

40 
2 f-- T, I 25'S. -r-- -- ..I- .... 

30 - ...1-1-J =-4o ·c .... 
r, =25 ·c 20 

10 
I I ............ 

I I 
0 5 1 0 15 20 25 30 lc (A) 0 200 600 

3/4 
----------------------------~~~~~~~u~:~~~ ----------------------------
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Typical VF Versus IF 

) 
CC13140 

2 

1.5 , 
..4 

- TJ=25'C 
/ 
/ 

TJ =125 'C 

0.5 
100 

/ 

1 o' -lc (A) 

Switching Times Inductive Load Versus 
Temperature 

% 

140 

130 

120 

110 

100 
0 

Velamp = 300 V 

VsE(orr) = -sv 
hFE =20 

lc =30A 

25 50 75 

Switching Times Test Circuit 

CC1:5160 

lOOTJ('C) 

Switching Times Inductive Load 

GC13150 

t (fls) 

t, 125'C 

~~ 
.... ~ ... t, =25'C 

t, 125'C 

t, 25'C 

1 ~""::::v Ill 
Vc1amp 300 v 
VsE(orr) SV 

hFE =20 

I II 
10 20 30 lc (A) 

RBSOA Test Circuit 

Yclamp 

SCO.t550 

t, adjusted for nominal lc; I ells= 20 

4/4 
---------------------------- A(~/ ~~~~~~v~:~~~ ----------------------------
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SGS30DA070D 

NPN DARLINGTON POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHEELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 
• HIGH POWER DC/DC AND DC/AC CON­

VERTERS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vceo Collector-Emitter Voltage (Is ~ 0) 

Vces Collector-Emitter Voltage (Vee~ 0) 

Vcev Collector-Emitter Voltage (Vee ~ -2V) 

Vcso Collector-Base Voltage (le ~ 0) 

Veso Emitter-Base Voltage (lc ~ 0) 

lc Collector Current 

- lc Reverse Collector Current 

Is Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

T, Max. Operating Junction Temperature 

Vtso Insulation Withstand Voltage (AC-RMS) 

April1990 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

3 2 

6 SC04530 

Value Unit 

700 v 
1200 v 
1200 v 
1200 v 

7 v 
30 A 

30 A 

3 A 

300 A 

375 w 
-55 to 150 oc 

150 oc 

2500 v 

1/4 
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SGS30DA070D 

THERMAL DATA 

RthJ-case Thermal Resistance Junction-case Max 
Rth)-case Thermal Resistance Junction-case (diode) Max 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= 700 V 
Current (RsEt = 3.3 kn VcE=700V T1 = 125 °C 
RsE2 = 100 Q) 

IcEs# Collector Cut-off VeE= 1200 V 
Current (VsE = 0) VeE= 700 V T1 = 125 °C 

lcEV # Collector Cut-off VeE= 1200 V 
Current (VBE = -2 V) 

lEBO# Emitter Cut-off Current VEB = 5 V 
(lc = 0) 

VcE(sat)* Collector-Emitter lc = 30 A Is= 1.5 A 
Saturation Voltage 

VsE(sat)* Base-Emitter lc = 30 A Is= 1.5 A 
Saturation Voltage 

hFE* DC Current Gain lc = 30 A VeE= 2.5 V 
lc = 30 A VeE= 5 V 

INDUCTIVE LOAD Vee= 50 V lc = 30 A 
Is Storage Time 1st = 1.5 A VsE(oll)= -5 V 
It Fall Time V clamp = 300 V T1 ,;; 125 °C. 

(see test circuits) 

VF Dtode Forward Voltage IF= 30 A 

trr Diode Reverse IF= 30 A dildt = 1 00 A/11s 
Recovery Time 

• Pulsed: Pulse duration = 300 fiS, duty cycle 1 5 % 
# See test circuits in databook introduction 

Min. 

20 
80 

Safe Operating Areas Thermal Impedance 

GC130BO 

lc (A) K 

40 /LS 

10 2, lc MAX PULSED PULSE OPERATION ' 

' 100 IL' 6=1 
lc MAX CONT '\1 ms 6 0.5 

6 ~ 

DC OPERATION 0 = 0.1 v 
......,.,.,. 

6 0 == • For single non 
~ 10 ms 

1 repetitive pulse 

1/ 
- =1 Tc 25°C 

II IIIII 
2 . '' 10-2 

0.33 °C/W 
1 .1 °C/W 

0.05 °C/W 

Typ. Max. Unit 

2 mA 
10 mA 

2 mA 
10 mA 

2 mA 

2 mA 

2.2 2.5 v 

2 2.8 v 

100 

3 6 !!S 
0.45 0.8 !!S 

1.4 2 v 
0.2 0.5 !!S 

CC1.3070 

H 
Zth = k RthJ-c 
0 = lpjT 

_f1Jl_ 
~ 

111111111 111111 

- -10 4 10 3 10 2 10 1 10° t 0 (s) 

2/4 
---------------------------- ~~/ ~~~~~~~:~~~ ----------------------------
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SGS30DA070D 

Derating Curves Output Characteristics 

" 

I 

G"13090 GC13050 lc (A) 

18 = 1A I 
0.9A 
0.8A 
0.7A 40 

0.6A 

100 
~ 30 

0.5A 
0.4A 

l't'-. 

20 

I 
0.3A 

I 0.2A 

50 

I __ Ptoll"-
i' 

I i'- ls;s -r-

" ....... 
I 1"- ....... 10 

I I 0.1A 

' 0 50 100 0 2 3 4 VeE (V) 

DC Current Gain Collector-Emitter Saturation Voltage 

CC131 00 
VCE(so1 

(V) I 
I I 

r- T,=125 ·c 

) GC1:5110 

I I I 
I I 1,=125'C f-r-I 

hrE 

VeE =5V r--- -- hFE =20 I 
2 \I 

\ 
'\!\ 

T,=25'C 
~ 

2 I 
T, =25 ·c 1.1 

f-1_ 
I }I 1.--

I I !:::oo""; 
...,j, 1\" 

I i""'' _.. T,=-4D'C 
~ ~~ 

I I 
1 r-- L::::'::::::'f""i 

T, 40'C 

r-- I 
....... N.J I 

' N.-l"N I 
I 

0 5 1 0 15 20 25 30 lc (A) 0 5 1 0 1 5 20 25 30 lc (A) 

Base-Emitter Saturation Voltage Reverse Biased SOA 

VeE{sa1 

(v) 

GCI!i120 
lc (A) 

GC1.5170 

) 

hFE =20 
60 

I 
I VBE(off)=-5V r-

I I 
I T,>;125't r-

I 
50 

2 - T, 125 ·c --r-- .....!- 1-"1 
I I 
I 

40 

I--' ....!-"r, =-4o ·c 
1--' 

I 
I I 

30 

,,=25 ·c I I 
I 20 

I I I 
I I I 

I 
I I ':.....I 

I I I ~ 

10 

0 5 1 0 I 5 20 25 30 lc (A) 0 200 600 

3/4 
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Typical VF Versus IF 

) 
GC1J140 

2 

1.5 
~ 

A 

I-- TJ=25'C 
./ -_., 

TJ =125 'C 

0.5 
10° 

-:;; 

1 o' -lc (A) 

Switching Times Inductive Load Versus 
Temperature 

% 

140 

130 

120 

110 

100 
0 

Vclamp = 300 V 

VsE(orr) = -5V 
hFE =20 
lc =30A 

25 50 75 

Switching Times Test Circuit 

GCI.3160 

100TJ('C) 

Switching Times Inductive Load 

GC13150 

f (J.Ls) 

f, 125°C 

-t:e:H-
1--"'1-- f,=25'C 

fr 125'C 

t, 25'C 

I J;~ Ill 
Ycramp 300 v 
VsE(orr) sv 
hFE =20 

2 Ill 
0 10 20 30 lc (A) 

RBSOA Test Circuit 

Yclamp 

SC04550 

t, adjusted for nominal lc; lc/ls= 20 

4/4 
----------------------------~~~~~~~v~:~~~ ----------------------------
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SGS50DA045D 

NPN DARLINGTON POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEo Collector-Emitter Voltage (Is= 0) 

VcEs Collector-Emtlter Voltage (VsE= 0) 

VcEv Collector-Emitter Voltage (VsE = -2V) 

Vcso Collector-Base Voltage (IE= 0) 

VEBo Emitter-Base Voltage (lc = 0) 

lc Collector Current 

- lc Reverse Collector Current 

Is Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

Tt Max. Operating Junction Temperature 

Vtso Insulation Withstand Voltage (AC-RMS) 

July 1990 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

3 2 

6 SC045JO 

Value Unit 

450 v 
850 v 
850 v 
850 v 

7 v 
50 A 

50 A 

3 A 

500 A 

375 w 
-55 to 150 oc 

j 50 oc 

2500 v 

1/4 
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SGS50DA045D 

THERMAL DATA 

Rthj-case Thermal Resistance Junction-case Max 
RthJ-case Thermal Resistance Junction-case (diode) Max 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VcE=450V 
Current (RsE1 = 3.3 kQ VcE=450V T1 = 125 °C 
RsE2 = 100 Q) 

IcEs# Collector Cut-off VeE= 850 V 
Current (VsE = 0) VeE= 450 V T1 = 125 °C 

lcEV # Collector Cut-off VeE= 850 V 
Current (VsE = -2 V) 

lEBO Emitter Cut-off Current YEs= 5 V 
(lc = 0) 

VcE(sat)* Collector-Emitter lc =50 A Is= 2 A 
Saturation Voltage 

VsE(sat)* Base-Emitter lc =50 A Is= 2 A 
Saturation Voltage 

hFE* DC Current Gain lc =50 A VeE= 5 V 
lc =50 A VeE= 2.5 V 

INDUCTIVE LOAD Vcc=50V lc =50 A 
Is Storage Time 1st= 2 A VsE(off)= -5 V 
It Fall Time T1 $ 125 °C (see test circuits) 

VF Diode Forward Voltage IF= 50 A 

lrr Diode Reverse IF= 50 A dildt = 100 A/J.lS 
Recovery Time 

• Pulsed: Pulse duration = 300 J.lS, duty cycle 1.5 % 
# See test circuits in databook introduction 

Min. 

80 
25 

Safe Operating Areas Thermal Impedance 

I c(A ) 

1 1 0-. 
6 

• 
2 

10-2 

10 MAX PULSED PULSE OPERATION • 

.. 
O.lms 

lc MAX CONT 

" 
D.C. OPERATION !Oms 

1- • for single non 
r-- repetitive pulse 

!== ffi Tc 25°C 

II II 

GCI4B50 
K 

401'5 
,/ 

ii=l 

ii 0.5 
6 0.3 

lms 
ii = 0.1 

/ 

....,..rrr 
ii 0 

10-2 

0.33 °C/W 
1.1 °C/W 

0.05 °C/W 

Typ. Max. Unit 

2 rnA 
10 rnA 

2 rnA 
10 rnA 

2 rnA 

2 rnA 

1.6 2.5 v 

2.2 3 v 

150 

2.2 5 f.lS 
0.3 0.6 f.lS 

1 .6 2.2 v 
0.2 0.5 J.lS 

OC1.3070 

Zth = k RthJ-c 

0 = lp/T 

__fUl_ 
---t±J 

111111111 IIIII 
1 ao 2 4 6 1 01 2 4 6 1 02 2 4Vc6E (V) - -10 4 10 3 10 2 10 1 10° t,(s) 

2/4 
------------ r== SCiS·ntOMSON -----------­.A.""'J/ R'JUJ!:Ul:QJrnQ.illi!:~Cl@ilU!::ill 
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Derating Curve Output Characteristics 

GCI3060 GC31270 

80 

50 

._,_ 
~ 

1--1-- - Ptot I" 

...... ls;e -I-

' r.... 

"' ...... 20 

1,=1.6~ 1.4A 
~ :::;; 1.2A -

• ~~ r::: u~ 
-

0.4A 

::::::::. 0.3A -

f;: 0.2A 
0.1A 

I~ ~ ~ 
,...... 

~ 

100 60 

40 

I 

' I 
0 50 100 0 1 2 3 4 5 6 7 8 V CE (V) 

DC Current Gain Collector-Emitter Saturation Voltage 

GC.512BO 

l) 
GC31290 

Vee( sa 

(V) 

5 
1\.. TJ=1z5•c VeE =5V 

1000 

TJ =125'C 

hFE =25 ~ \ 4 800 

3 I 
TJ =25 •c 

600 
TJ =zs•c -....... 

v t! .. 
...... ~ ~ ~ 

~ 
..... - ......._ 400 2 

TJ- 40°C J =-4o•c --~ I:' ..... 200 
........ :::::::: ~ I"'"" 

i' -0 
0 10 20 30 40 50 1c(A) 0 

Base-Emitter Saturation Voltage Reverse Biased SOA 

GC31300 GC.51311 
VeE( so 

(V) 
I) 

100 
-4. ;...:::: .. 

2 
~ ~ 

,... 
TJ =-4'l>- ....-: ~ [...."' 

80 

I~ ....... lo' 

TJ =25}1' 

V BE(off)=-SV -
TJ~125'C 

60 

/ TJ =1zs•c 
40 

h" -25 
20 

I r-r- 1-1 
0 0 200 400 600 800 1000 Vclomp(V) 

3/4 
-----------------------L~I ~~~~&~:~~ -------------------------
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SGS50DA045D 

Typical VF Versus IF 

2 

1.5 

1-

0.5 
100 

TJ ~zs 'c 

CC1!1140 

I/' 
A 

/ 
./ 

TJ ~125 'C 

1 a' -lc (A) 

Switching Times Inductive Load Versus 
Temperature 

GCJ1J31 
% 

Yo~omp-300V / tf - h;c=25 
- VBE(ctf) =-5V .I 

200 

lc =50A 

/ 
v 150 

/ 
j 

v ----~ t, 

lL. ~ 1-
100 

25 50 75 100 125 TJ('C) 

Switching Times Test Circuit 

Switching Times Inductive Load 

GC313ZO 

t(us) 

t,=125'C 

1 o' 
t,-2S'C 

t, 125'C 

v t, 25'C 

~.---.....- L.l I I 
Volomp-300V f= 
hrE 25 r-
VBE(off) =-SV r 

I I 
20 30 40 50 10 (A) 

RBSOA Test Circuit 

Yclamp 

SC0.4550 

lp adjusted for nom mal lc; lc/ls= 25 

4/4 
---------------------------{~/ ~~~~~~~:~~ ---------------------------
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SGS50DA080D 

NPN DARLINGTON POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

3 2 

SC04530 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEO Collector-Emitter Voltage (Is= 0) 800 v 
VcEs Collector-Emitter Voltage (VsE= 0) 1200 v 
VcEv Collector-Emitter Voltage (VsE = -2V) 1200 v 
Vcso Collector-Base Voltage (IE= 0) 1200 v 
VEso Emitter-Base Voltage (lc = 0) 7 v 

lc Collector Current 50 A 

- lc Reverse Collector Current 50 A 

Is Base Current 6 A 

- lcsM Collector Surge Current 500 A 

Ptot Total Dissipation at Tc = 25 °C 400 w 
Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/4 
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SGS50DA080D 

THERMAL DATA 

RthJ-Case Thermal Resistance Junction-case Max 
RthJ·case Thermal Resistance Junction-case (diode) Max 

Rthc-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= 800 V 
Current (RsEt = 3.3 kQ VcE=800V T1 =125°C 
RBE2 = 100 Q) 

IcEs# Collector Cut-off VeE= 1200 V 
Current (VsE = 0) VeE= 800 V T1 = 125 °C 

icEV # Collector Cut-off VeE= 1200 V 
Current (VeE = -2 V) 

lEBO Emitter Cut-off Current VEB = 5 V 
(lc = 0) 

VcE(sat)* Collector-Emitter lc =50 A Is= 2.5 A 
Saturation Voltage 

VsE(sat)* Base-Emitter lc =50 A Is= 2.5 A 
Saturation Voltage 

hFE* DC Current Gain lc =50 A VeE= 3 V 
lc =50 A VeE= 5 V 

INDUCTIVE LOAD Vee= 50 V lc =50 A 
Is Storage Time let= 2.5 A VsE(off)= -5 V 
It Fall Time T1 ~ 125 °C (see test circuits) 

VF Diode Forward Voltage IF= 50 A 

lrr Diode Reverse IF= 50 A di!dt = 100 A/J.LS 
Recovery Time 

• Pulsed: Pulse duration = 300 II•· duty cycle 1.5 % 
# See test circuits in databook introduction 

Min. 

20 
70 

Safe Operating Areas Thermal Impedance 

K 

0.31 °C/W 
1.1 °C/W 

0.05 °C/W 

Typ. Max. Unit 

2 mA 
10 mA 

2 mA 
10 mA 

2 mA 

2 mA 

3 v 

3.5 v 

6 J.LS 
0.8 J.LS 

2 v 
0.5 J.LS 

CC1.3070 

2/4 
---------------------------L~I ~~~;~~~:9~ ---------------------------
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Derating Curve 

GC1J060 
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I I 

0 20 40 60 

SGS50DA080D 

Output Characteristics 

GC311.4.0 

) 

80 
19 =2.5A 2.0A 1.5A 

0- .-:::: ........ - 1.0A -u /'" / 
1-

~ .. O.SA 
1-

~ .....-- - 0.2A 
60 

40 '/ .....- ........ 

./ 
,. 

0.05A -........ - 0.02A -20 
1..--

I 
0 2 4 6 8 1 0 12 1 4 1 6 V CE (V) 

Collector-Emitter Saturation Voltage 

GC31160 
) 

8 

I 
hrE =20 T,=I25'C 

11 
6 

v T,=25'C 

1/ Vr, =-40°C 

l/ ~ v 
--1:::;. ~ 

0 20 40 60 80 10 (A) 

Reverse Biased SOA 

GC311!!0 

100 

80 

60 

V "(oii)=-SV 
40 I 

I 

20 I I 
"1--. 

0 300 600 900 1200 Vc!omp(V) 

3/4 -------------li;i ~~~~m~vr::U!~~ --------------
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Typical VF Versus IF 

-VCE(V ) 

2 

1.6 

1.2 

0.8 

0.4 
0 

~ ~ 
/ 

20 

TJ =-40°C 

t,....-::: ~ 
P" TJ =125 °C 

40 60 

GC31190 

.-,::::: TJ =25 °C -

80 -lc(A) 

Switching Times Inductive Load Versus 
Temperature 

% 

140 

130 

120 

110 

100 
0 

Vcramp = 300 V 
VeE(arr) = -5V 
h,, =20 

lc =SOA 

25 50 75 

Switching Times Test Circuit 

CC14020 

It 

t, 

100 TJ ('c) 

Switching Times Inductive Load 

GC13990 

t, 125'C 

-r -1-1-

10° ~ f- .. t,=25'C 

t, 125'C 

~ t, 25'C 

I ""'~"' Ill 
Vcramp 300 v 
VeE(orr) sv 
hFE :20 

2 Ill 
0 10 20 30 40 50 lc (A) 

RBSOA Test Circuit 

Vee 

__Il2 

Vclamp 

-
SCOtSSO 

tp adJusted tor nomrnal lc; I ells= 20 

4/4 ---------------------------- ~~~~~~~v~:~~~ ----------------------------
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SGS60DA070D 

NPN DARLINGTON POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEo Collector-Emitter Voltage (Is= 0) 

VcEs Collector-Emitter Voltage (VeE= 0) 

VcEv Collector-Emitter Voltage (VeE = -2V) 

Vceo Collector-Base Voltage (IE= 0) 

VEBO Emitter-Base Voltage (lc = 0) 

lc Collector Current 

- lc Reverse Collector Current 

Is Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

Tl Max. Operating Junction Temperature 

V1so Insulation Withstand Voltage (AC-RMS) 

July 1990 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

3 2 

SC04530 

Value Unit 

700 v 
1200 v 
1200 v 
1200 v 

7 v 
60 A 

60 A 

6 A 

60 A 

400 w 
-55 to 150 oc 

150 oc 

2500 v 

1/4 
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SGS60DA070D 

THERMAL DATA 

Rthj-case Thermal Resistance Junction-case Max 
Rthj-case Thermal Resistance Junction-case (diode) Max 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= 700 V 
Current (RsEt = 3.3 kQ VeE= 700 V T1 = 125 °C 
RsE2 = 100 Q) 

IcEs# Collector Cut-off VeE= 1200 V 
Current (VsE = 0) VeE= 700 V T1 = 125 °C 

icEV # Collector Cut-off VeE= 1200 V 
Current (VsE = -2 V) 

lEBO Emitter Cut-off Current VEs = 5 V 
(lc = 0) 

VcE(sat)''' Collector-Emitter lc = 60 A Is= 2 A 
Saturation Voltage 

VsE(sat)''' Base-Emitter lc = 60 A Is= 2 A 
Saturation Voltage 

hFE'. DC Current Gain lc = 60 A VeE= 3 V 
lc = 60 A VeE= 5 V 

INDUCTIVE LOAD Vee = 50 V lc = 60 A 
Is Storage Time ls1 = 2 A VsE(off)= -5 V 
It Fall Time T1 ~ 125 °C (see test circuits) 

VF Diode Forward Voltage IF= 60 A 

lrr Diode Reverse IF= 60 A dildt = 100 A/J.lS 
Recovery Time 

* Pulsed: Pulse duratton = 300 JlS, duty cycle t .5% 
# See test circuits m databook rntroduct10n 

Min. 

30 
80 

Safe Operating Areas Thermal Impedance 

K 

6=1 

6 0.5 
6 £J-
6 = 0.1 

/ 

t ,...,..,.-rr 
6 0 

I/ 

0.31 °C/W 
1.1 °C/W 

0.05 °C/W 

Typ. Max. Unit 

2 rnA 
10 rnA 

2 rnA 
10 rnA 

2 rnA 

2 rnA 

3 v 

3.5 v 

6 J.lS 
0.8 J.lS 

2 v 
0.5 J.lS 

CC1~070 

Zth = k RthJ-c 

0 = lp/T 

__fUl_ 
---t±J 
II 111111 II 1111 

-to-2 

10 4 1 0 3 10 2 10 1 10 ° t, (s) 

2/4 -------------- ._.,/ ~~~~m~::~~J: --------------
478 



SGS60DA070D 

Derating Curve Output Characteristics 

% 
GC13060 GC31210 

80 
t8 =2A 1.5A 

~ v -~ 1A 

~ 
I": 

100 
60 r1/ I"" ....... - O.SA 

'I.., ~ 0.2A 

50 

--r- Ptol 
....... 

I' 
r-.. 's;e r-

r.... ..... 
I' ..... 

~ -k-' O.lA 

I"' ~ I-" ~ 0.05A 

y l,...ooo-~ fo-
0.02A 

40 

20 

~ 
'/" fo-

1'. 
0 50 100 0 2 4 6 8 VCE (V) 

DC Current Gain Collector-Emitter Saturation Voltage 

GC!I221 

VeE( sa 

(v) 

GC31230 
I) 

1/ 
T, =125'C I 

I I 
hrE =30 1/ 

T, =12 s •c 

I IT±± I ........ 
T, -25•c 

6.4 

4.8 

I v If 
3.2 

1.6 v Vr, =zs•c 
v !,.....-- ....... r-- V0, SV -I II 

0 20 40 60 80 10 (A) 

Base-Emitter Saturation Voltage Reverse Biased SOA 

VaE(Ii'c 
(v) 

GC3124-0 GC512o:O 

I) ) 

3.2 
100 

r, =1zs•c ...... 
~ -

~ - -1--t-2.4 80 

1.6 
~ 

~----"' --T, =25'C ,_. 60 

40 

0. 8 
h" =30 20 VeE(ort)=-SV 

0 20 40 60 0 300 600 900 1 200 Vclomo(V) 

3/4 
------------- L.,l ~~~mgr~:L\l~~ -------------
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SGS60DA070D 

Typical VF Versus IF 

) 
GC31261 

....-:::: ::::=r=== 
r, =25 •c .....-:::: ::::::: ;;...-- T, =125'C 

1.6 

....-::: ~ /v-1.2 

/ 
0.8 

0.4 

0 40 80 120 

Switching Times Inductive Load Versus 
Temperature 

% 

140 

130 

120 

110 

100 
0 

Vclamp = 300 V 

VBE(off) = -5V 
hFE =30 

lc =60A 

25 50 75 

Switching Times Test Circuit 

tr 

t, 

100 T, ('C) 

Switching Times Inductive Load 

CC1 4030 

t (fls) 

t, 125'C 

H::l 
~ ... t, =25'C 

tr 125'C 

t, 25'C 

1 
..... ;:::r-- Ill 

Vc;lamp 300 v 
VsE(orr) 5V 

hFE =30 

10-2 Ill 
0 I D 20 30 40 50 lc (A) 

RBSOA Test Circuit 

Vclamp 

SC04550 

!0 adjusted tor nominal lc; lc/ls= 30 

4/4 ------------- L..,J ~~~;ru~::~?~ -------------
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SGS80DA020D 

NPN DARLINGTON POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 
• HIGH POWER DC/DC AND DC/AC CON­

VERTERS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEO Collector-Emitter Voltage (Is= 0) 

VcEs Collector-Emitter Voltage (VsE= 0) 

VcEv Collector-Emitter Voltage (VsE = -2V) 

Vcso Collector-Base Voltage (IE= 0) 

VEBo Emitter-Base Voltage (lc = 0) 

lc Collector Current 

- lc Reverse Collector Current 

Is Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

Tl Max. Operating Junction Temperature 

Vtso Insulation Withstand Voltage (AC-RMS) 

May 1990 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

3 2 

SC04530 

Value · Unit 

200 v 
300 v 
300 v 
300 v 

7 v 
80 A 

80 A 

2 A 

1200 A 

375 w 
-55 to 150 oc 

150 oc 

2500 v 

1/4 
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SGSBODA020D 

THERMAL DATA 

RthJ·Case Thermal Resistance Junction-case Max 
RthJ·case Thermal Resistance Junction-case (diode) Max 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

leER# Collector Cut-off VeE= 250 V 
Current (RsEt = 3.3 kQ VeE= 250 V T1 = 125 °C 
RsE2 = 100 Q) 

IcEs# Collector Cut-off VcE=300V 
Current (VsE = 0) VcE=250V T1 = 125 °C 

lcEV # Collector Cut-off VeE= 300 V 
Current (VsE = -2 V) 

lEBO# Emitter Cut-off Current VEs = 5 V 
(lc = 0) 

VcE(sat)* Collector-Em iller lc = 80 A Is= 1 A 
Saturation Voltage 

VsE(sat)* Base-Emitter lc = 80 A Is= 1 A 
Saturation Voltage 

hFE* DC Current Gain lc = 80 A VeE= 2 V 80 
lc = 80 A VeE= 5 V 500 

INDUCTIVE LOAD Vee= 50 V lc = 80 A 
Is Storage Time 1st = 1 A VsE(oft)= -5 V 
It Fall Time T1 :;; 125 °C (see test circuits) 

VF Diode Forward Voltage IF= 80 A 

lrr Diode Reverse IF= 80 A dt/dt = 100 A/J.lS 
Recovery Time 

* Pulsed: Pulse durat1on = 300 ~s, duty cycle 1.5% 
# See test circu1ts in databook introduction 

Safe Operating Areas Thermal Impedance 

GC1J820 

. * For single non 
2 repeiitive pulse 

_) II II : lc MAX PULSE OPERATION ' . 
PULSED 

K != m I= 
I= 
r-

6 = 1 

lc (A) 

103 

1 o' 
2 401'5 . 100,us . lc MAX . 

CONT 

6 0.5 

ra 0.3 
2 

" ' . 0 = 0.1 I-"' 
f .......'l1! 

1 o' 

,- DC OPERATION 
I 

6 0 

: tms 1/ . 
Tc Z5°C 

2 
- 10 ms 

I 
2 . ' " 

0.33 °C/W 
1.1 °C/W 

0.05 °C/W 

Typ. Max. Unit 

2 mA 
10 mA 

2 mA 
10 mA 

2 mA 

2 mA 

1.8 2 v 

2.5 3 v 

1000 

1.85 4 ~s 

0.3 0.6 ~s 

1.6 2 v 
0.2 0.5 J.lS 

CC13070 

Z1h = k RthJ-c 
0 = fp/T 

__flJl_ 
--l±J 

11111111 IIIII 

10 1 
2 . • 8 . . 

1 o' ' VeE (v) 
10-2 

to-• 10 3 10-2 10-1 10° tp(s) 

2/4 
---------------------------- J(~l ~~~~~~~:~~~ ----------------------------
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SGS80DA020D 

Derating Curve Output Characteristics 

GC13060 GC13670 

lc(A) 
ls=300mA !:;-,.-260m A 

--1.---r::.- .... r- 220mA 
~ ~r.,... ~ 180mA 

~:"~ i.oo-1-"" 
120 

100 
~ 

t'::t-... 
-I- Ptol "' r" 

r-... ls;s 1-1-

~ 

"' 
50 

~~ ..... _,.... 1- 140mA 

~[/ ..... I- 100mA 
f/V J.,..i-"' SOmA 
VJ·"" 1-i-"' 60mA 

V' 40mA 

J..-- I I 

100 

80 

60 

40 
20m A 

I-.. 

' 
I I 

7 I I 

20 

0 50 100 0 2 4 6 VeE (V) 

DC Current Gain Collector-Emitter Saturation Voltage 

GC13830 
VcE(sat) GC13B4 

- ...... (V) 

2400 r\ TJ=125oC 

[\ 
TJ=25°C \ VeE =SV 

t-.. jo....__ " 
1800 

hrE=BO 

TJ=25oC/ ~ 
~ v 
~ 

2.1 

1.7 

i""-. r-....' t--.,,_ 
..... 

r-....... !" ...... 
r-

1200 I~ ~ TJ =-40°C 

~?" 
1.3 

TJ--40°C -r-..... 
600 ~ ~ 

VrJ=125'C 
0.9 

0.5 
0 20 40 60 80 lc(A) 0 40 80 lc (A) 

Base-Emitter Saturation Voltage Reverse Biased SOA 

VsE(sot) 

(V) 

GCI 3850 CC1.3660 

lc (A) 

2.6 
hFE=80 ~ 

kP t/' 
160 

TJ=-40°C I.....:: !?' [/ 

./ 1:3 !7/ 

7 v [X 
/ v TJ =25 °C 

2.2 

1.8 

VsE{off)=-5V 

TJ ~125't 

I I I 

120 

80 

7 
TJ=125°C 

1.4 

I I 
I 

I I 
I 

40 

0 40 80 lc (A) 0 100 200 300 VCLAMP(V) 

3/4 
---------------------------- A(~/ ~~~~~~~:~~~ ----------------------------
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SGS80DA020D 

Typical VF Versus IF 

-VcE(V) 
CC13740 

1.5 

~ 
/.. 

/..; 

TJ=25'C / 
/ 

I.J- T,=125'C 
I 
I I 

10' 5 -lc(A) 

Switching Times Inductive Load Versus 
Temperature 

% 

180 r-- Vclamp = 150 V 

lc=BOA 
r--

VeE(olf) = -SV / r-- hrr =80 
/ 

160 

140 
)1' 

/ 

120 / 
/ I,...-~ 

L. -~ ~ 100 
25 50 75 100 

Switching Times Test Circuit 

CC13880 

" 
If 

- Is 

T,('C) 

Vee 

I Vclomp 

I 
I 

Switching Times Inductive Load 

CC13870 

f(JJ.S) 

I, 125'C 

1,=25'C f-- t1=125'C - I-" 
M ---

~ ~ tf =25'C == Yclamp = 1 50 V 

VeE(olfl = -sv 
hFE =80 

20 40 60 80 lc (A) 

RBSOA Test Circuit 

SCOASSO 

!p adjusted for nominal lc; lclle= 20 

4/4 
---------------------------{~/ ~~~;~~~:~~ ---------------------------
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SGS1 OODA020D 

NPN DARLINGTON POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 
• HIGH POWER DC/DC AND DC/AC CON­

VERTERS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEo Collector-Emitter Voltage (Is= 0) 

VcEs Collector-Emitter Voltage (VsE= 0) 

VcEv Collector-Emitter Voltage (VsE = -2V) 

Vcso Collector-Base Voltage (IE= 0) 

VEBO Emitter-Base Voltage (lc = 0) 

lc Collector Current 

- lc Reverse Collector Current 

Is Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

TJ Max. Operating Junction Temperature 

Vtso Insulation Withstand Voltage (AC-RMS) 

April1ggo 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

3 2 

SC04530 

Value Unit 
200 v 
300 v 
300 v 
300 v 

7 v 
100 A 

100 A 

3 A 

1000 A 

375 w 
-55to150 oc 

150 oc 

2500 v 

1/4 
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SGS100DA020D 

THERMAL DATA 

RthJ·case Thermal Resistance Junction-case Max 
RthJ·case Thermal Resistance Junction-case (diode) Max 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

leER# Collector Cut-off VeE= 200 V 
Current (RsEt = 3.3 kQ VeE= 200 V T1 = 125 °C 
RsE2 = 100 Q) 

IcEs# Collector Cut-off VeE= 300 V 
Current (VsE = 0) VeE= 200 V T1 = 125 °C 

lcEV # Collector Cut-off VeE= 300 V 
Current (VsE = -2 V) 

lEBO# Emitter Cut-off Current VEB = 7 V 
(lc = 0) 

VcE(sat)* Collector-Emitter lc=100A Is= 1 A 
Saturation Voltage 

VsE(sat)* Base-Emitter lc = 100 A Is= 1A 
Saturation Voltage 

hFE* DC Current Gain lc = 100 A VeE= 2 V 
lc = 100 A VeE= 5 V 

INDUCTIVE LOAD Vee= 50V lc = 100 A 
Is Storage Time 1st = 1 A VsE(otf)= -5 V 
It Fall Time Vclamp = 150 V T1 ::; 125 °C 

(see test circuits) 

VF Diode Forward Voltage IF=100A 

lrr Diode Reverse IF=100A dildt = 1 00 A/J.LS 
Recovery Time 

* Pulsed: Pulse duration = 300 J.lS, duty cycle 1.5 % 
# See test circuits m databook mtroductlon 

Min. 

100 
500 

Safe Operating Areas Thermal Impedance 

lc (A) 
CC1J660 

K . * For single non , repefitive pulse . 1 o' . lc MAX PULSE OPERATION ' . 
PULSED 40p.s , 6 = 1 

1 o' . ~ r-... !-..... I . lc MAX 100,us . 
CONT 

6 0.5 

ro 0.3 
, . 
' . 0 = 0.1 ~ 

1 ......,..,-r 
10 1 

,~ DC OPERATION 
I 1111 \ msil : 

0 0 

1/ . 
Tc 25'C ,~ 10 ms Httl 

I II II , . 0 0 to-2 

0.33 °C/W 
1.1 °C/W 

0.05 °C/W 

Typ. Max. Unit 

2 rnA 
10 rnA 

2 rnA 
10 rnA 

2 rnA 

2 rnA 

1.4 2 v 

2.4 3 v 

850 

1.5 4 J.LS 
0.3 0.6 J.LS 

1.9 2 v 
0.3 0.5 J.LS 

CC1.3070 

Z1h = k RthJ-c 

0 = lp/T 

__fUl_ 
--t±J 

11111111 IIIII , . ' ' . 6 

102 ' VeE (v) - -to' 10 4 10 3 10 2 10 1 10° tp(s) 

2/4 ------------- L-,, ~~~;ID~u~:~~J': -------------
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Derating Curves 

% 
GC13060 

100 ._.. 
r.;:: 

-r-r- Ptot " ....... 

~ 
1s;e -r-

' I'-. 50 

f"'o. ...... 

' 0 50 100 

DC Current Gain 

GCI3700 

II 
II 

3000 TJ=125'C 

~' I' 2500 

2000 TJ =25 'C 

"' 1500 

1000 l\ 
VeE =5V 1\\ 

~ 
500 

I 
lc(A) 

Base-Emitter Saturation Voltage 

) 
GCI3720 

VsE(sot 

(V) 

h,,=IOO 
4 

T,=25'.S,.... r..-...-v v 3 

2 
........... k- / 

..... v / 
v TJ=I25'C 

1,...... v 

0 50 100 150 200 lc (A) 

SGS1 OODA020D 

Output Characteristics 

CC13670 

lc (A) le=300mA ~/ 
260m A 

~;....-1-""..,.. 220m A 
~;...: ..,...., 180mA 

~r;.- ..,...,. 
~ .... ..... -- 140mA 

~v .,...f-" -f- 100mA 

120 

100 

IV ..... - BOmA v ~---- 60mA 
80 

60 
~ 40mA 

40 ~ I I 
20mA 

20 
I I 

I I I 
0 2 4 6 VeE (V) 

Collector-Emitter Saturation Voltage 

VcE(sat ) 
(V) 

hFE =1 00 
2.5 

2 

1.5 

/ ~/ 

v / 
....... v 
..... I' 

0.5 
0 50 100 

Reverse Biased SOA 

lc (A) 

200 

160 

120 
r- VBE(oti}=-SV 

80 1- TJ ~125'C 

40 
I 
I 

CC13710 

TJ=25'C 

/) 
~ v v 

V TJ=125'C 

150 200 lc (A) 

G,...13730 " 

'\.. 
I' 

0 50 1 00 150 200 250 VCLAMP(V) 

3/4 
---------------------------- ~~~~;~~~:~~~ ----------------------------
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SGS1 OODA020D 

Typical VF Versus IF 

-VcE{V) 

1.5 

0.5 0 
10 

rJ~zs'c 

,..... 

CC13740 

~ 
~ 

~ 
./V" 
/ 
TJ~125'C 

101 5 -lc(A) 

Switching Times Inductive Load Versus 
Temperature 

GC137&0 

% 

180 - Vclamp = 1 50 V 

lc =1 OOA / 
,, 

-
VeE(olf) = -5V / - hrE=100 

/ 
160 

140 

/ 
/ 

/ -'-" 1-- t, 
120 

lL: 1---100 
25 50 75 100 T,('C) 

Switching Times Test Circuit 

Switching Times Inductive Load 

CC13750 

t, 1zs•c 

t,=25'C 1-1- t1= 1zs·c ....... 
~I"'" " r-T 1--~ I-"' 

=~ t,~zs<>c ~ ~ Vclamp = 1 50 V 
VeE(olf) = -5V 
hFE =100 

20 40 60 80 lc (A) 

RBSOA Test Circuit 

SCO.t550 

lp adjusted for nominal lc; leila= 100 

414 
--------------liii ~~~ru~~:oo~~ --------------
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SGS150DA020D 

NPN DARLINGTON POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 
• HIGH POWER DC/DC AND DC/AC CON­

VERTERS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEo Collector-Emitter Voltage (Is= 0) 

Vces Collector-Emitter Voltage (Vee= 0) 

Vcev Collector-Emitter Voltage (Vee = -2v) 

Vcso Collector-Base Voltage (le = 0) 

VEBO Emitter-Base Voltage (lc = 0) 

lc Collector Current 

- lc Reverse Collector Current 

le Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

Ti Max. Operating Junction Temperature 

V1so Insulation Withstand Voltage (AC-RMS) 

May 1990 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

3 2 

6 1.. SC04530 

Value Unit 

200 v 
300 v 
300 v 
300 v 

7 v 
150 A 

150 A 

4 A 

1500 A 

400 w 
-55 to 150 oc 

150 oc 

2500 v 

1/4 
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SGS150DA020D 

THERMAL DATA 

RthJ·case Thermal Resistance Junction-case Max 
RthJ·case Thermal Resistance Junction-case (diode) Max 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

leER# Collector Cut-off VcE=200V 
Current (RsEt = 3.3 kn VeE= 200 V 
RBE2 = 100 Q) 

IcEs# Collector Cut-off VcE=300V 
Current (VeE = 0) VeE= 200 V 

lcEV # Collector Cut-off VeE= 300 V 
Current (VeE = -2 V) 

lEBO# Emitter Cut-off Current VEB = 5 V 
(lc = 0) 

VcE(sat)* Collector-Emitter lc=150A 
Saturation Voltage 

VBE(sat)* Base-Emitter lc=150A 
Saturation Voltage 

hFE* DC Current Gain lc=150A 
lc=150A 

INDUCTIVE LOAD Vee= 50 V 
Is Storage Time let= 2 A 
It Fall Time T1 :5125 °C 

VF Diode Forward Voltage IF=150A 

lrr Diode Reverse IF=150A 
Recovery Time 

• Pulsed: Pulse duration = 300 115, duty cycle 1.5 % 

# See test circuits in databook introduction 

Safe Operating Areas 

lc (A) 
OC1.3B90 . Tc-25°C 

' 
1 o' . lc MAX PULSE OPERATION • . PULSED . 

'"'i""""'"' 
401'• 

..... ..... ..... 1001'• 
8 1 o' 
! lc MAX 

CONT 
' 

101 . . 
:-I- DC OPERATION 

II IIIII \ lms 
=~ • For single non ·= repetitive pulse ~ 10 ms 
' I Ill 

' . 

T1 = 125 °C 

T1 = 125 °C 

Is= 2 A 

Is= 2 A 

VeE= 2 V 75 
VeE= 5 V 500 

lc=150A 
VBE(off)= -5 V 
(see test circuits) 

di/dt = 1 00 A/~s 

Thermal Impedance 

K 

a= 1 

a 0. 

fa 0.3 

t5 = 0.1 _,., 
t5 0 

0.31 °C/W 
1.1 °C/W 

0.05 °C/W 

Typ. Max. Unit 

2 mA 
10 mA 

2 mA 
10 mA 

2 mA 

2 mA 

2 v 

3 v 

5 ~s 

0.8 ~s 

2 v 
0.6 ~s 

ClC1~070 

Zth- k RlhJ-c 

6= fp/T 

J1IL 
-t±J 

11111111 111111 .. 2 . • 8 2 . . 
10 1 to' VeE (V) - - -10 3 10 2 10 1 10° lp(s) 

2/4 
---------------------------L~I ~~~~~::9~ ---------------------------
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Derating Curve 

% 
GC13060 

100 
~ 
~ 

-~ f- Ptot 
I"-

i' 
i' 

ls;s -r-
50 

' ..... 
I' 

!'.. 
0 50 100 

DC Current Gain 

CCI.3910 

T,=125°C 
r--

3000 
I 

f-- 25°C -
2500 I 
2000 -40°C 

I ~ 
1500 ~\ 

1\\ 

" i'-1000 

500 VeE =5V 

I I 
101 lc(A) 

Base-Emitter Saturation Voltage 

) 
CCI .3930 

VsE(sot 

(V) 

2.5 
hFE =100 

~ 

T,=-4o'c ...-!~ ~ 
.........:: ~ '/v 2 

1.5 ..... ~ rs / 
/ 

/ 
v 25°C 

/ 125°C 

I 0.5 
0 50 100 150 200 lc (A) 

SGS150DA020D 

Output Characteristics 

lc (A) 

350 

300 

250 

200 

150 

100 

50 

0 
/ 

GC13900 

18=2A I 
I 

v 1A v ,. 
,f 

0.5A ........... 
I .. 0.3A -r-r-j/ ..... , ..... !-"' 0.2A -c-1-

..... 
0.1A 

..... 
0.06A r-

Ill .... - 0.04A r-,;,- I 0.02A r-...... 

2 3 4 5 6 Vcr (V) 

Collector-Emitter Saturation Voltage 

) 
CC1.3920 

VcE(sot 
(V) 

h,[ =1 00 
2 

T, =125 'C 

1.5 ~ ~ 
-40"C ~ ~ 

). ~ vv 
~ ~ r 
/ '2s'c 

0.5 

0 50 100 150 200 lc (A) 

Reverse Biased SOA 

GC13940 

lc (A) 

300 

200 

100 VeE(oH)=-5V 

T, :<;125't 

0 100 200 300 VCLAMP(V) 

3/4 --------------LV ~~~;ID~v~:e~~~ --------------
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SGS150DA020D 

Typical VF Versus IF 

-VcE(V ) 
GC13950 

II 
1.5 TJ=-4o'c /J " 

11/J 
rll 
rt 

1.--' 
T,=125'C 

T,=25°C 
f-"'...,... .... __.. v 

II I 
II I 
5 10' -lc(A) 

Switching Times Inductive Load Versus 
Temperature 

CC1 3970 

% 

180 - Yo~amp = 150 Y 

lc =150A / It 
-

VeE( off) = -5Y / -
hrE =75 

/ 
160 

/ 
/v 

140 

/ 
/ -~ I- t, 

120 

lL ~ --100 
25 50 75 1 DO T, ('c) 

Switching Times Test Circuit 

Switching Times Inductive Load 

GC13960 

Is 125'C 

t,=zs'c f- f- 11= 125 'S, 1- ...... ...,. ..-1-1-
1 

== It =25'C ~ ~ Yolomp = 1 50 Y 

YaE(off) = -5 V 
hf[ =75 

40 80 120 160 lc(A) 

RBSOA Test Circuit 

Yclamp 

SC0.4550 

t, adjusted for nominal lc; leila= 20 

4/4 
-------------- L"'!J ~~~~ill~v'::011~~ --------------
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SGS250DA013D 

NPN DARLINGTON POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 
• HIGH POWER DC/DC AND DC/AC 

CONVENTERS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEO Collector-Emitter Voltage (Is~ 0) 

VcEs Collector-Emitter Voltage (VsE~ 0) 

VcEv Collector-Emitter Voltage (VsE ~ -2V) 

Vcso Collector-Base Voltage (IE~ 0) 

VEBO Emitter-Base Voltage (lc ~ 0) 

lc Collector Current 

- lc Reverse Collector Current 

Is Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc ~ 25 °C 

Tstg Storage Temperature 

T, Max. Operating Junction Temperature 

Vtso Insulation Withstand Voltage (AC-RMS) 

July 1990 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

3 2 

SC04530 

Value Unit 

130 v 
200 v 
200 v 
200 v 

7 v 
250 A 

250 A 

20 A 

2500 A 

400 w 
-55 to 150 oc 

150 oc 

2500 v 

1/4 
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SGS250DA013D 

THERMAL DATA 

RthJ·case Thermal Resistance Junction-case Max 
RthJ·case Thermal Resistance Junction-case (diode) Max 

Rthc-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

leER# Collector Cut-off VcE=130V 
Current (RsEt = 3.3 kQ VcE=130V 
RsE2 = 100 Q) 

IcEs# Collector Cut-off VeE= 200 V 
Current (VsE = 0) VcE=130V 

lcEV # Collector Cut-off VeE= 200 V 
Current (VsE = -2 V) 

lEBO Emitter Cut-off Current VEB = 5 V 
(le = 0) 

VeE(sat)* Collector-Emitter le = 250 A 
Saturation Voltage 

VsE(sat)* Base-Emitter lc = 250 A 
Saturation Voltage 

hFE* DC Current Gain le = 250 A 
lc = 250 A 

INDUCTIVE LOAD Vee= 50 V 
Is Storage Time 1st= 3.3 A 
It Fall Time T1 s 125 °C 

VF Diode Forward Voltage IF= 250 A 

lrr Diode Reverse IF= 250 A 
Recovery Time 

• Pulsed. Pulse duration = 300 J.IS, duty cycle 1.5 % 
# See test c~rcutts m databook mtroductton 

Safe Operating Areas 

T1 = 125 °C 

T1 = 125 °C 

Is= 3.3 A 

Is= 3.3 A 

VeE= 2.5 V 75 
VeE= 5 V 100 

le = 250 A 
VsE(ott)= -5 V 
(see test circuits) 

di/dt = 1 00 A/f.LS 

Thermal Impedance 

0.31 °C/W 
1.1 °C/W 

0.05 °C/W 

Typ. Max. Unit 

2 rnA 
10 rnA 

2 rnA 
10 rnA 

2 rnA 

2 mA 

2.5 v 

3.5 v 

6 f.LS 
1 f.LS 

2 v 
0.6 f.LS 

CiC13070 
K • H 

6 = 1 

6-0.5 
6 0.3 ,. 
{j = 0.1 

.,. 
Zth = k RthJ-c 

1 .....,.-n 6= fp/T 

{j 0 ___I1IL 
1/ ---t±J 

111111111 1111111 
- - - -

10-2 
10 4 I 0 3 1 0 2 1 0 1 1 0 ° t, (s) 

2/4 
---------------------------~~~~;~g~:~~ ---------------------------
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SGS250DA013D 

Derating Curve Output Characteristics 

GC13050 GC310LI 

) 

400 
18 =3A lA 0.4A 

~ 

0.3A 100 300 

50 

~r-.. 

f-+- - P1o1 
I" 

' j'-. 
1s;s -I-

' "" 

0.2A 

0.1 A 

200 

1'- 100 

"' ' 0 50 100 0 0 3 4 VCE (V) 

DC Current Gain Collector-Emitter Saturation Voltage 

GC3 010 I GC31020 

TJ 125 'C 
',._ 

VeE( sot 
(V) 

) 

h" =75 

10 3 TJ =25'C ~ 
TJ =25 'c 

TJ = 125 'C 

10 2 

Vcr SV 
1 I 

1 a I 
1 o' 10 2 0 100 200 300 

Base-Emitter Saturation Voltage Reverse Biased SOA 

GC31030 GC31 050 -
VBE(sct 

(v) 
) 

lA 
!/1 y 

TJ =125 °C l,;'f 

TJ =25 'C 500 

400 

300 

V 8E(o11)=-5V 
hrE =75 200 TJ;:;125'C 

I 
I 100 

I 
I I I 
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SGS250DA013D 

Typical VF Versus IF 

GC31060 

) /, 

" I 
1.5 1/ 

/1 
1- TJ=25"C // 

r/ 
TJ =125 •c 

...... 
1.0 

_... ..... ,. 

10' 

Switching Times Inductive Load Versus 
Temperature 

CC140\0 

% 

180 f-- Vclamp = 1 00 V 

lc=250A / 
t, 

f--
VBE(off) = -5V / f-- hFE =75 

/ 
160 

140 

/ 

120 / 
/ --- t, 

100 IL f..- f..-
25 50 75 100 

Switching Times Test Circuit 

Switching Times Inductive Load 

GC31070 

t(us) 

t,=125°C '--
~-+ul!Fr.-:;5. c 

t =125 •c ,. 
f :,...;;-"'/ -:.- ~z5•c 

Vclomp 100V 
hf£ 75 
VBE(off) =-5V 

IIIII 
10 2 

RBSOA Test Circuit 

Vclamp 

SC04550 

t, adjusted for nominal lc: lc/ls= 75 

4/4 
------------ ~ SGS·THOMSON -----------­.._""!I li:IIDlO>Iiil©rn~rnlO>'iiliil©li!DlO>® 
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SGS25DB070D 
HALF BRIDGE NPN DARLINGTON 

POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHEELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPSAND UPS 
• HIGH POWER DC/DC AND DC/AC CON­

VERTERS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEo Collector-Emitter Voltage (Is = 0) 

VcEs Collector-Emitter Voltage (VsE= 0) 

VcEv Collector-Emitter Voltage (VsE = -2V) 

Vcso Collector-Base Voltage (IE= 0) 

VESO Emitter-Base Voltage (lc = 0) 

lc Collector Current 

- lc Reverse Collector Current 

Is Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

Tl Max. Operating Junction Temperature 

V1so Insulation Withstand Voltage (AC-RMS) 

April1990 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

R1 typ 80 Ohm R2 lyp 150 Ohm 

Value Unit 

700 v 
1000 v 
1000 v 
1000 v 

7 v 
25 A 

25 A 

9 A 

250 A 

375 w 
-55 to 150 oc 

150 oc 

2500 v 

1/4 
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SGS25D8070D 

THERMAL DATA 

RthJ·Case Thermal Resistance Junction-case (quarter bridge) Max 0.66 °C/W 
RthJ·case Thermal Resistance Junction-case (diode) Max 1.1 °C/W 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

IcEs Collector Cut-off VeE= 1000 V 2 mA 
Current (VeE = 0) VeE= 700 V T1 = 125 °C 10 

ICEV Collector Cut-off VeE= 1000 V 2 mA 
Current (VeE = -2 V) VeE= 700 V T1 = 125 °C 10 mA 

lEBO Emitter Cut-off Current VEe= 2 V 120 mA 
(lc = 0) 

VcE(sat)* Collector-Emitter lc = 25 A Is= 2.5 A 1.1 3 v 
Saturation Voltage 

VaE(sat)* Base-Emitter lc = 25 A Ia = 2.5 A 1.9 3.5 v 
Saturation Voltage 

hFE* DC Current Gain lc = 25 A VeE= 3 V 10 
lc = 25 A VeE= 5 V 15 90 

INDUCTIVE LOAD Vee= 300 V lc = 25 A 
Is Storage Time le1 = 2.5 A VaE(off)= -5 V 2.4 5 llS 
It Fall Time T1 S 125 °C (see test circuits) 0.66 1.5 llS 

VF Diode Forward Voltage IF= 25 A 1.4 2 v 
lrr Diode Reverse IF= 25 A di!dt = 1 00 A/11s 0.2 0.5 llS 

Recovery Time 

* Pulsed: Pulse duration= 300 ~s. duty cycle 1.5% 

Safe Operating Areas Thermal Impedance 

lc (A) 
GC1.3160 

K 
CC1::l070 . 

' 
40 1'5 

' 
lc MAX PULSED PULSE OPERATION • 

' 
' 

100 I'' 6=1 

to' lc MAX CONT I'-. I ms 
! . 6 0.5 

6 ~-
' " :~ 

• For single non 
repetitive pulse 

0 = 0.1 
/ Zth = k RthJ-e 

.,...,-rrr 0 = lp/7' 

' 1 111111 DC OPERATION "\.10 ms 
' ' . 
1---- Tc 25°C 
' II II 

' . '' ' . '' . ' 10 2 2 VeE (V) 

6 0 JUL 
-{±J 

11111111 111111 
-

10 

10 1 

10-2 
10 4 10 3 10-2 10 1 10° t,(s) 

2/4 
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SGS25DB070D 

Derating Curves Output Characteristics 

GC13060 lc (A) CC13190 

18 =2A 
40 1.4A 

1.2A 
lA I 
O.BA I 100 

30 
I r-;::, 

:-f--I- Ptot """' 
....... ls;e 1- 20 

50 I'. r-... 

" 0.6A 
0.4A 

10 

0.2A 
r-... 

0 50 100 0 0 2 3 4 VeE (V) 

DC Current Gain Collector-Emitter Saturation Voltage 

GC1J200 
) 

GC1.:5210 
VcE(sa1 

(V) 
VcE-sv T,=125'C 

ll 
-- hrE =10 II 25'C 25'C 

2.4 

1.6 

J I I 
If 1/ I 

/ ~...-::~ -4D'C :;,. 

"""""" 
;;;.-

r,=125 ·c~,;' ~ 
\ \\ 

2 

1.2 

~--~ t::=P 
;' 

, 
/ 

II v \1 
II /-40'C \ ~ 

,/__ I 
\\ 

0.8 

0.4 

10 
100 

0 
101 -lc (A) 0 10 20 30 40 lc (A) 

Base-Emitter Saturation Voltage Reverse Biased SOA 

) 
1 cc 3220 lc (A) CCI3230 V BE( sot 

(V) I 
hrE =1 0 60 Yar(ort)=-SV r-

2.6 T,~125't 1-
50 

T,=-40'C .,.. 
........ ~ -2.2 40 

1.8 
~ ........ -::s; ~ i""' - -I/ I'" ~ -!.,..;' 

,.. 1'-zs•c 

/ v '12s·c 
/ v ~ 

r-... 

30 

20 

1.4 
10 

0 10 20 30 40 lc (A) 0 200 600 

3/4 ---------------------------L,, ~~~~~~~:9~ ---------------------------
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SGS25DB070D 

Typical VF Versus IF 

-Vc,(V ) 
OC13140 

2 

1.5 , 
lA 

r----- T,=25'C 
/: 

/ 
T,=125'C 

10' -lc (A) 

Switching Times Inductive Load Versus 
Temperature 

CC1Ji290 

% I 

I-- Volamp = 300 V I 
lc=15A +t 

180 

I-- VeE( off) = -sv 
I r--

L= 500 JLH 
hrr = 1 o 

J 
160 

v 
140 v 

v ..,.. r- t, 

/ ~ ~ 
120 

~ ~ 100 
25 50 75 100 T,('C} 

Switching Times Test Circuit 

Switching Times Inductive Load 

f(JLs) 
CCI!I250 = Vo1amp = 300 V hrE = 10 = 

- L= SOOJLH VeE(orr) = -5V -

f- t, 125'C -~ 1--
_.,... -~ f--

t.~c ~ 

f- t, -125"C 

I--' I--" -~--"""' 
1--' ~ t, =25"C 

10-1 

0 4 8 12 1 6 20 24 lc (A) 

RBSOA Test Circuit 

Vclamp 

SC04550 

tp adjusted for nommallc; I ells= 10 

4/4 
------------- L"'!l ~~~©lti:U,:oo~:f -------------
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SGS25DB080D 
HALF BRIDGE NPN DARLINGTON 

POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHEELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 
• HIGH POWER DC/DC AND DC/AC CON­

VERTERS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEo Collector-Emitter Voltage (Is= 0) 

VcEs Collector-Emitter Voltage (VsE= 0) 

VcEv Collector-Emitter Voltage (VsE = -2V) 

Vcso Collector-Base Voltage (IE= 0) 

VEso Emitter-Base Voltage (lc = 0) 

lc Collector Current 

- lc Reverse Collector Current 

Is Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

Ti Max. Operating Junction Temperature 

Vrso Insulation Withstand Voltage (AC-RMS) 

April1990 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

R1 typ 80 Ohm R2 lyp 150 Ohm 

Value Unit 

800 v 
1200 v 
1200 v 
1200 v 

7 v 
25 A 

25 A 

9 A 

250 A 

375 w 
-55 to 150 oc 

150 oc 

2500 v 

1/4 
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SGS25DB080D 

THERMAL DATA 

Rth)-case Thermal Resistance Junction-case (quarter bridge) Max 0.66 •ctw 
RthJ·Case Thermal Resistance Junction-case (diode) Max 1.1 •ctw 

Rthc-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 0.05 •ctw 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

IcEs Collector Cut-off VeE= 1200 V 2 mA 
Current (VeE = 0) VcE=BOOV T1 = 125 •c 10 mA 

IcE X Collector Cut-off VeE= 1200 V 2 mA 
Current (VeE = -2 V) VcE=BOOV T1 = 125 •c 10 mA 

lEBO Emitter Cut-off Current VEe= 2 V 120 mA 
(lc = 0) 

VcE(sat)* Collector-Emitter lc = 25 A le = 2.5 A 1.1 3 v 
Saturation Voltage 

VeE(sat)* Base-Emitter lc = 25 A le = 2.5 A 1.9 3.5 v 
Saturation Voltage 

hFE* DC Current Gain lc = 25 A VeE= 3 V 10 
lc = 25 A VeE= 5 V 15 90 

INDUCTIVE LOAD Vee= 300 V lc = 25 A 
Is Storage Time let= 2.5 A VeE(oft)= -5 V 2.4 5 !iS 
It Fall Time T1 s; 125 °C (see test circuits) 0.66 1.5 !iS 

VF Diode Forward Voltage IF= 25 A 1.4 2 v 
lrr Diode Reverse IF= 25 A dildt = 1 00 A/11s 0.2 0.5 !iS 

Recovery Time 

• Pulsed: Pulse duration = 300 11s. duty cycle 1.5 % 

Safe Operating Areas Thermal Impedance 

CC13300 . 
2 

40 jLS 

102 
' 

lc MAX PULSED PULSE OPERATION • . . 
101 

, 100 ps 

lc MAX CONT r--..... I ms . 
6 . 

10° 

10 

, 
'\.. 

·~ 
• for single non 

:~==== repetilive pulse 

lltDC OPERATION "-10 ms 
, 
I 

10-

·r- Tc 25'C , 
II IIIII I 2 IIIII . ' . , . '. . ' 101 102 2 VeE (V) 

2/4 
---------------------------L~I ~~~~~~:9~ ---------------------------
502 



SGS25DB080D 

Derating Curves Output Characteristics 

GC13050 lc (A) 
CC1.3190 

16 =2A 
4.0 1.4-A 

1.2A 
lA 
O.BA 100 

30 
...;:::, 

1-1-1- Ptol 
,, ..... 

..... 
...... 's;s 1-- 20 

50 

" r.... 

" ~ 0.6A 
0.4A 

10 

~ 0.2A 

!'... 
0 50 100 0 2 3 4 VeE (V) 

DC Current Gain Collector-Emitter Saturation Voltage 

hrE 
CC1JZOO 

VcE(so1 ) 
CCI::!Z10 

(V) 

VcE=SV TJ=125'C I 
I 

-I- hFE =10 II 25'C 25'C 
2.4 

1.2 

I 
IJ 1/ I 

I ~.....:~.- -40'C 
~I""' 

....... 

10 

TJ=125'C ~ ~ 2 / 

/ \ 
\\ 

2 

1.6 

.-!-"' 1-!: 

/ ....... 

/ 

II / '' II v-40'C \~ 

,/ I 
\\ 

0.8 

0.4 

0 
1 o' -lc (A) 0 10 20 30 40 lc (A) 

Base-Emitter Saturation Voltage Reverse Biased SOA 

V BE{!>ot) 

(V) 

GC!3220 GC1J240 

lc (A) I I 
h" =1 0 60 VeE(o11)=-5V -

2.6 TJ,0:125't -
50 

TJ =-4o ·c ...,. 
~ v -2.2 40 

1.8 
..... - ......... cs; ~ I-"" - -I/ v ....... -/ 

/ l'zs•c 

/ / "i"zs·c 

/ 
,;" 1\. 

....... 

30 

20 

1.4 
10 

I r-t-
0 10 20 30 40 lc (A) 0 200 600 

3/4 
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SGS25DB080D 

Typical VF Versus IF 

) 
GC13140 

2 

1.5 , 
~ 

- TJ=25'C 
...,;: 

/ 

TJ=125'C 

0.5 
100 

..... 

-lc (A) 

Switching Times Inductive Load Versus 
Temperature 

CC13290 

% I 

- Vclamp = 300 V I 
lc=15A +t 

180 

- VeE{ off) = -5V 
1/ - L= 500 ttH 

hrE = 1 0 J 
160 

/ 
140 

/ 
I' -- t, 

./~ 
, 120 

~ r 
100 

25 50 75 100 TJ('C) 

Switching Times Test Circuit 

Switching Times Inductive Load 

t(tts) 
CCI..,2SO 

!= Vclamp = 300 V hrE = 10 != 
f- L= 500/kH VeE(all) = -5V f.-

f.- t, 125'C 
.... ~--~ 

_.....- .... 1-....... 
~ ls=25 C ~ 

-t, 125"C 
"""' l.--"""' 1-f-"' 

~ ...... t, =25'C 

10- I 

0 4 8 12 1 6 20 24 lc (A) 

RBSOA Test Circuit 

Vclamp 

SC04550 

lp adjusted for nominal lc; lc/le= 10 

4/4 
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SGS30DB040D 
HALF BRIDGE NPN DARLINGTON 

POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 
• HIGH POWER DC/DC AND DC/AC 

CONVENTERS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEo Collector-Emitter Voltage (Is = 0) 

VcEs Collector-Emitter Voltage (VeE= 0) 

VcEV Collector-Emitter Voltage (VeE = -2V) 

Vceo Collector-Base Voltage (IE = 0) 

VEBO Emitter-Base Voltage (lc = 0) 

lc Collector Current 

- lc Reverse Collector Current 

Is Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

TJ Max. Operating Junction Temperature 

V1so Insulation Withstand Voltage (AC-RMS) 

July 1990 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

R1 typ 80 Ohm R2 lyp 150 Ohm 

Value Unit 

400 v 
500 v 
500 v 
500 v 

7 v 
30 A 

30 A 

6 A 

300 A 

375 w 
-55 to 150 oc 

150 oc 

2500 v 

1/4 
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SGS30DB040 

THERMAL DATA 

RthJ·case Thermal Resistance Junction-case (quarte bridge) Max 
Rtht-case Thermal Resistance Junction-case (diode) Max 

Rthc-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

Ices Collector Cut-off Vee= 500 V 
Current (Vee = 0) Vee= 400 V Tt = 125 °C 

lcev Collector Cut-off Vee= 500 V 
Current (Vee = -2 V) Vee= 400 V T1 = 125 °C 

Ieee Emitter Cut-off Current Vee= 2 V 
(lc = 0) 

Vce(sat)* Collector-Emitter lc = 30 A Is= 2 A 
Saturation Voltage lc = 40 A Is= 4 A 

Vse(sat)* Base-Emitter lc = 40 A Is= 4 A 
Saturation Voltage 

hFe* DC Current Gain lc = 30 A Vee= 5 V 40 
lc = 40 A Vee= 3 V 16 

INDUCTIVE LOAD Vee= 50 V lc = 30 A 
ts Storage Time let= 2 A Vse(ofl)= -5 V 
tt Fall Time T1 ::; 125 °C (see test circuits) 

VF Diode Forward Voltage IF= 30 A 

trr Diode Reverse IF= 30 A dildt = 100 A/J.lS 
Recovery Time 

• Pulsed: Pulse duration = 300 J.lS, duty cycle 1.5 % 

Safe Operating Areas Thermal Impedance 

GCilS.30 
lc(A ) K 

1 o'. 
10 MAX PULSE OPERATION • 
PULSED 

• 40JLs 
2 

·~ 
lc MAX 0.1ms 
CONT 

2 

D.C. OPERATION '\ 
• 

• For single non 
lms 

2 

1 
repetitive pulse 

"' I Oms 

• 
2 

lc 2s•c 
2 1111 IIIII 

0.66 °C/W 
1.1 °C/W 

0.05 °C/W 

Typ. Max. Unit 

2 mA 
3 10 mA 

2 mA 
10 mA 

90 mA 

1.5 3 v 
1.9 2.5 

2.6 3.3 v 

50 

1.3 3 J.lS 
0.2 0.7 J.lS 

1.3 2 v 
0.2 0.5 J.lS 

CC1.:5070 

Zth = k RthJ-c 

o= t0 /-r 

2/4 
--------------------------L~I ~~~~~:::~ --------------------------
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SGS30DB040 

Derating Curve Output Characteristics 

GCt3060 GC31J~O 

'-'" 16-2A 

v ~ ..... 1.6A 
1.4A 

50 

20 

/. ;....: !.--" ........ !.; 1.2A 

~ ;;.... ::::: ........ ~ 1.0A 
0.8A 

% ~ -:::: !-' !-' 0.7A 

:;..-:: - 0.6A ...... 1--!-- 0.5A 

~ 

~ 
-.;:: 

1-1- - Ptot 
i' 

........ 
...... ls;e -I-

40 
100 

30 

50 

' r-.. 
~ ...... 10 

I 
I'.. 

' 0 50 100 - 0 0 4 8 

DC Current Gain Collector-Emitter Saturation Voltage 

GC.5tJ50 GCJ1J61 

. 
'I- TJ =125'C TJ -125 'C I 

10 2 

,V TJ=25'~ 
v ~=-4~ ~ 

" 
" 

2 

1/ / 
IL 1-"" TJ =25 'C 

-.'~ .... ~ 

1.6 

1.2 

' \ 

~~ 
VeE =5V \ 

' \ 

.... 
h,-15 

0.8 

0.4 

10 1 

' . ' ' ' ' 10° 10 1 0 15 30 

Base-Emitter Saturation Voltage Reverse Biased SOA 

GCJ1J70 GCJ1560 
VBE(sc 

(v) 
I) ) 

3 
~~ 

~v 
~ ~ 

50 2.5 

2 
TJ=-40'j;... ~ ;..-:: / 
~ 1/ 

40 

J=2sy 
TJ -125'C 

1.5 30 

I h, -10 

I 

20 
I-I-

V BE(oti)--5V 

TJ:"'125'C I~ 
I ....... 0.5 10 

I I I I I 
0 10 20 .30 t.Q 50 60 10 (A) 0 100 200 300 400 500 v,,,m,(v) 

3/4 
----------------------------J(~/ ~~~~~~u~:~~~ ----------------------------
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SGS30DB040 

Typical VF Versus IF 

-Vct(V) 
GCI:5490 

2 

1.5 

,.. 
/. 

TJ =25 'c .--v 
/. 

....-!""" V TJ=125"C 

-r 
6 .10, 4 6 8 

-lc (A) 

Switching Times Inductive Load Versus 
Temperature 

GC1:S980 

% 
.I 

t, / 
f-- Vclamp = 300 V 

lc =30A / 
1--

Vet(oH) = -sv / 

180 

160 1-- h" = 15 / 
1/ 

/ 
140 

.I 
v t, 

120 

100 lt. I--r-
25 50 75 I 00 

Switching Times Test Circuit 

Switching Times Inductive Load 

GC51400 

t(us) 

t,-125'C 

t, 25°C 

11 =125'C ..,. VI 
1 "' ...... -~--" 11 -25'C 

Vdom,=300V I= h,, 15 f-
VaE(off) =-5V f-

2 I I 
10 20 30 40 10 (A) 

RBSOA Test Circuit 

Ycramp 

SC04550 

tp adjusted tor nommal lc; leila= 20 

4/4 ---------------------------- JC~J ~~~~~~~:~~~ ----------------------------
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SGS30DB045D 
HALF BRIDGE NPN DARLINGTON 

POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

R1 typ 80 Ohm R2 lyp 150 Ohm 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VcEo Collector-Emitter Voltage (Is= 0) 450 v 
VcEs Collector-Emitter Voltage (VsE= 0) 600 v 
VcEv Collector-Emitter Voltage (VsE = -2V) 600 v 
Vcso Collector-Base Voltage (IE= 0) 600 v 
VEBO Emitter-Base Voltage (lc = 0) 7 v 

lc Collector Current 30 A 

- lc Reverse Collector Current 30 A 

Is Base Current 6 A 

- lcsM Collector Surge Current 300 A 

Ptot Total Dissipation at Tc = 25 °C 375 w 
Tstg Storage Temperature -55 to 150 oc 

Tt Max. Operating Junction Temperature 150 oc 

Vtso Insulation Withstand Voltage (AC-RMS) 2500 v 

July 1990 1/4 
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SGS30DB045D 

THERMAL DATA 

RthJ·case Thermal Resistance Junction-case (quarter bridge) Max 
RthJ-case Thermal Resistance Junction-case (diode) Max 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

IcEs Collector Cut-off VcE=600V 
Current (Vee = 0) Vce=450V T1 = 125 °C 

lcev Collector Cut-off VeE= 600 V 
Current (VeE = -2 V) VeE= 450 V T1 = 125 °C 

leso Emitter Cut-off Current Ves = 2 V 
(lc = 0) 

Vce(sat)* Collector-Emitter lc = 30 A Is= 2 A 
Saturation Voltage lc = 40 A Is= 4 A 

Vse(sat)* Base-Emitter lc = 40 A Is= 4 A 
Saturation Voltage 

hFe* DC Current Gain lc = 30 A VeE= 5 V 40 
lc = 40 A Vee= 3 V 10 

INDUCTIVE LOAD Vee= 50 V lc = 30 A 
Is Storage Time let= 2 A Vse(off)= -5 V 
It Fall Time T1 ,:; 125 °C (see test ctrcuits) 

VF Diode Forward Voltage IF= 30 A 

lrr Diode Reverse IF= 30 A di!dt = 100 A/flS 
Recovery Time 

* Pulsed: Pulse duratton = 300 J.lS, duty cycle 1.5% 

Safe Operating Areas Thermal Impedance 

I c{A ) 

1 02 8 
6 
4 

t 

2 

1 o-2 

lc MAX PULSE OPERATION * 
PULSED 

~ 
lc MAX 1\. O.lms 
CONT 

D.C. OPERATION 1"\ 

• For :single non 
repetitive pulse 10ms r"\. 

Tc 25'C 
Ill 

GCI-4820 
K 

40/lS 6=1 

6 0.5 
6 !U 
0 = 0.1 

/ 

1ms .A"!'11 
6 0 

0.66 °C/W 
1.1 °C/W 

0.05 °C/W 

Typ. Max. Unit 

2 rnA 
10 rnA 

2 rnA 
10 rnA 

90 rnA 

1.5 3 v 
2 3 

2.6 3.3 v 

50 

1.3 3 fLS 
0.2 0.7 fLS 

1.3 2 v 
0.2 0.5 fLS 

CC1.3070 

I 

Zth = k RlhJ-c 

o= t,/r 

..JUL 
---t±J 

11111111 111111 

1 ao 2 4 s 101 2 4 s i 02 2 "vcsE (V) 
10-2 

10 -10 3 10 2 10 1 10° t,(s) 

2/4 
----------------------------~~~~~~~~~:~~~ ----------------------------
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Derating Curve 

GC13060 
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""' !'::' 
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~~ 
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' 10 1 
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Base-Emitter Saturation Voltage 
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~ ~ 

v~ 
rJ =-4o•c ~ VV' 
-~ T_..; 

J=25P 
TJ =12s•c 

h" =1 0 

I 
I T 

r-... 

I".: 

GC31350 

GC3 37 1 0 

I 
0 1 0 20 30 LO 50 60 lc (A) 

SGS30DB045 

Output Characteristics 

GC31J.4.0 

.... 18=2A 

...... v ..... .... 1.6A 
1.4A 

40 /. :;....-I/ ..... ...... 1.2A 

~ ;:....- t:::. ~ LOA 
L- 0.8A 

~ ;;...- t::: ~ ~ 0.7A 
0.6A :;.-: ~ ...... ~ I- 0.5A 

30 

20 
;:....- .... 

10 
I 

I 
0 4 

Collector-Emitter Saturation Voltage 

VCE(;ct ) 
(V) 

2.4 

1.6 

1.2 

0.8 

0.4 

0 

J..,.... j....-~ 
1---' 

15 

Reverse Biased SOA 

) 

50 

40 

30 

~~ 

VBE(oii)--5V 
20 

10 
TJ:;;12s•c 

I I 

GC31361 

I 
I 

TJ =125 •c If 

v 
1/ v 

I.L I--' TJ =25 'C 
~ 

I 

h;E-15 

I 
I 
I 

30 

GC51390 

'-i" ..... 

0 100 200 300 400 500 600 Vdomo(V) 

3/4 
----------------------------~~~~;~~~~:~~~ ----------------------------
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SGS30DB045D 

Typical VF Versus IF 

-Vc,(V) 
GC13490 

2 

1.5 

~ 
./: 

TJ =25 "c 
_., ./ 

/ 
.-r _, TJ=125"C 

0.5 
10° 

-r 

6 810' 

Switching Times Inductive Load Versus 
Temperature 

CC13980 

% 

Vclamp = 300 V 
t, v 

1-
lc =30A v 

1-
VeE( off) = -5V v r-- hrc =15 v 

180 

160 

1/ 
/ 

140 

J 
/ t, 

120 

100 L. -,_I 
25 50 75 100 

Switching Times Test Circuit 

Switching Times Inductive Load 

GC31400 

I, 125 'C 

1 o0 t, 25'C 

t, =125°C VI 

1 '~'-- .... ~--' t, -25'C 

V,lomp 300V = 
hrE 15 ~ 

VBE(off) =-5V ~ 

I 
10 20 30 40 lc(A) 

RBSOA Test Circuit 

Yclamp 

SC0.4550 

t, adjusted for nominal lc; lcils= 20 

_41_4 ___________ ~ SGS·THOMSON -----------­A."'! I li:IJD(g:L'iJ©rn~rn{g:1i'L'iJ©If!o!:l'l 
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SGS35DB070D 
HALF BRIDGE NPN DARLINGTON 

POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHEELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 
• HIGH POWER DC/DC AND DC/AC CON­

VERTERS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEo Collector-Emitter Voltage (Is= 0) 

VcEs Collector-Emitter Voltage (VeE= 0) 

VcEv Collector-Emitter Voltage (VeE = -2V) 

Vcso Collector-Base Voltage (IE = 0) 

VEBO Emitter-Base Voltage (lc = 0) 

lc Collector Current 

- lc Reverse Collector Current 

Is Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

TJ Max. Operating Junction Temperature 

VJSO Insulation Withstand Voltage (AC-RMS) 

April1990 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

R1 typ ao Ohm R2 lyp 150 Ohm 

Value Unit 

700 v 
1000 v 
1000 v 
1000 v 

7 v 
35 A 

35 A 

10 A 

350 A 

400 w 
-55 to 150 oc 

150 oc 
2500 v 

1/4 
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SGS35DB070D 

THERMAL DATA 

RthJ·case Thermal Resistance Junction-case (quarter bridge) Max 0.62 °C/W 
RthJ·Case Thermal Resistance Junction-case (diode) Max 1.1 °C/W 

Rthc-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

IcEs Collector Cut-off VeE= 1000 V 2 mA 
Current (VeE = 0) VeE= 700 V T1 = 125 °C 10 mA 

lcEV Collector Cut-off VeE= 1000 V 2 mA 
Current (VeE = -2 V) VcE=700V T1 = 125 °C 10 mA 

lEBO Emitter Cut-off Current VEe= 2 V 150 mA 
(lc = 0) 

VcE(sat)* Collector-Emitter lc = 35 A Is= 3.5 A 1.7 3 v 
Saturation Voltage 

VeE(sat)* Base-Emitter lc = 35 A Is= 3.5 A 2.1 3.5 v 
Saturation Voltage 

hFE* DC Current Gain lc = 35 A VeE= 3 V 10 
lc = 35 A VeE= 5 V 15 35 

INDUCTIVE LOAD Vee= 300 V lc = 35 A 
Is Storage Time let= 3.5 A VeE(oll)= -5 V 3.2 5 JlS 
It Fall Time T1 ~ 125 °C (see test circuits) 0.9 1.5 JlS 

VF Diode Forward Voltage IF= 35 A 1.4 2 v 
lrr Diode Reverse IF= 35 A dildt = 100 A/JlS 0.3 0.6 !lS 

Recovery Time 

• Pulsed: Pulse duration= 300 flS, duty cycle 1.5% 

Safe Operating Areas Thermal Impedance 

lc (A) 
CC13330 

K 
CC13070 . 401'' 

2 lc MAX PULSED PULSE OPERATION * . . 
101 

. 1001'' , 
lc MAX CONT "" tms . 10° 

6=1 
6-0 . . . :0= D • ..... 

2 

"'-
=~ 

• F'or single non 
repetitive pulse 

, 
II IIIII DC OPERATION "'-10 ms 1 . . 

:== Tc 2s•c 
II IIIII I 1111 

2 . . . 2 . . . . ' 

o=o .1, " Z,h = k RthJ-c 

.A"11i o= t0 /T 

6-0 __fUL 
---t±J 

11111111 111111 
- - -

10 

10 1 102 2 VeE (V) 
10-2 

10 4 10 3 10 2 10 1 10° 10 (s) 

2/4 
-------------------------- L~1 ~~~~~~~:9~ --------------------------
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Derating Curves 

% 

100 

""' ~ioo... 
I-I- - Ptot 

i'~"'~oo... 

50 

0 50 

DC Current Gain 

TJ=125'C I 
2 ./ 10 

LJ\ 
II 

1 10 0 
10 

25'C 

I 

GC13060 

...... 
ls;s I-

' ..... 
i' I'. 

"' 
1'.. 

100 

CC1.3360 

VeE 5V 

~ 

" '~ 
1\ 

-lc (A) 

Base-Emitter Saturation Voltage 

VsE(sat ) 
GC133BO 

(V) 

hcE = 10 
2.6 

TJ=25'C , 
_.... ~ / 

2.2 

_.... ,..- ....... ...--... /r' 
I.B 

, 125'C 
1.4 

I 
0 10 20 30 40 lc(A) 

SGS35DB070D 

Output Characteristics 

lc (A) CCI3350 

Ia= 2A 

50 1.75A I 
1.SA, 
1.25A --:"'1 I 

lA~ 
I I 

I ' 
40 

I 

30 

20 
0.75A 

10 0.5A 
0.25A 

0 2 3 4 VeE (V) 

Collector-Emitter Saturation Voltage 

VeE( set ) 
(V) 

2.4 
I-I- hFE =10 

2 

1.6 

1.2 

0.8 
-i;.oo 

0.4 

0 
0 10 20 

Reverse Biased SOA 

) lc(A 

70 

60 

50 

40 

30 

20 

10 

0 400 

cc 3370 1 

I I 
TJ=125'C J 

I 1/ 

J I 
~ 

1/ / 
/ 1/ 25'C v 

loll= 

30 40 lc (A) 

CC13390 

VsE(ott)=-SV 

TJ;> 25 °C 

I'. 

800 1 200 Vctomp{V) 

3/4 
--------------------------- ,~, ~~~~~~~:~~~ ---------------------------
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SGS35DB070D 

Typical VF Versus IF 

-VcE(V) 

2 

1.5 

1-

0.5 0 
10 

T,=25'C 

GC13140 

~ 
A 

/ 
/ 

TJ =125 'C 

10' -lc (A) 

Switching Times Inductive Load Versus 
Temperature 

GC13190 

% I 
1- Vclamp = 300 V I 

lc =15A 
I 

+t 
1- VsE{aff) = -5V 

1/ 1-
L= 500 f'H 
h" = 1 0 J 

180 

160 

/ 
140 

/ 
v - t, ..,..,...-

/ ~ ~ 
120 

~ r 
100 

25 50 75 100 TJ ("C) 

Switching Times Test Circuit 

Switching Times Inductive Load 

t (!-'s) 
cc13no 

= Vo~amp - 300 V hFE- 10 := 
- L= 500f'H VsE(aff) = -sv i-

- t,=125°C ~ -!-

-r-----
_ .... 

Is~ 
" 

-If 125°C ..... -~ 1- ---1--t,=25"C 

10- f 

0 6 12 18 24 30 36 lc(A) 

RBSOA Test Circuit 

Vclomp 

SC0~55(') 

1, adjusted for nom mal lc; lciiB= 10 

4/4 -------------- I.,, ~~~~m&~:~~~t: --------------
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SGS35DB080D 
HALF BRIDGE NPN DARLINGTON 

POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 
• HIGH POWER DC/DC AND DC/AC CON­

VERTERS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEo Collector-Emitter Voltage (Is = 0) 

VcEs Collector-Emitter Voltage (VeE= 0) 

VcEv Collector-Emitter Voltage (VeE = -2V) 

Vcso Collector-Base Voltage (IE= 0) 

VEBO Emitter-Base Voltage (lc = 0) 

lc Collector Current 

- lc Reverse Collector Current 

Is Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

Tl Max. Operating Junction Temperature 

V1so Insulation Withstand Voltage (AC-RMS) 

April1990 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

R1 typ 80 Ohm R2 lyp 1 SO Ohm 

Value Unit 

800 v 
1200 v 
1200 v 
1200 v 

7 v 
35 A 

35 A 

10 A 

350 A 

400 w 
-55 to 150 "c 

150 "c 
2500 v 

1/4 
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SGS35DB080D 

THERMAL DATA 

RthJ-case Thermal Resistance Junction-case (quarter bridge) Max 0.62 °C/W 
Rthj-case Thermal Resistance Junction-case (diode) Max 1.1 °C/W 

Rthc·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

IcEs Collector Cut-off VeE= 1200 V 2 mA 
Current (VsE = 0) VeE= 800 V Tj = 125 °C 10 mA 

lcEV Collector Cut-off VeE= 1200 V 2 mA 
Current (VsE = -2 V) VeE= 800 V Tj = 125 °C 10 mA 

lEBO Emitter Cut-off Current VEs = 2 V 150 mA 
(lc = 0) 

VcE(sat)* Collector-Emitter lc = 35 A Is= 3.5 A 1.7 3 v 
Saturation Voltage 

VsE(sat)* Base-Emitter lc = 35 A Is= 3.5 A 2.1 3.5 v 
Saturation Voltage 

hFE* DC Current Gain lc = 35 A VeE= 3 V 10 
lc = 35 A VeE= 5 V 15 35 

INDUCTIVE LOAD Vee= 300 V lc = 35 A 
Is Storage Time 1st = 3.5 A VsE(oft)= -5 V 3.2 5 ~s 

It Fall Time T1 .~ 125 °C (see test circuits) 0.9 1.5 ~s 

VF Diode Forward Voltage IF= 35 A 1.4 2 v 
lrr Diode Reverse IF= 35 A dildt = 100 A/~s 0.3 0.6 ~s 

Recovery Time 

• Pulsed: Pulse duration = 300 J.!S, duty cycle 1.5 % 

Safe Operating Areas Thermal Impedance 

lc (A) 
CC1J:S40 

K 
CC1J070 . 40/LS 

' lc MAX PULSED PULSE OPERATION • . to' 
' . 100JLS 6 =I 

t01 
' lc MAX CONT ~"-.. ..... 1ms 
: . 6 0.5 

[6- 0.3 

' "' ·~ 
• For single non 

:== reperilive pulse 
0 = 0.1 1-"' Zth == k RthJ-c 

1 ......rrr 0 = tp/T 

2 

II IIIII DC OPERATION "'-10 ms I 

: . __ 
Tc 25'C 

2 

II II 
' . . ' ' . '' . ' I 0 2 2 VeE (V) 

6 0 __IUl_ 
I/ --t±J 

11111111 II !II 

10 

10 1 

2/4 
----------- ~ SGS·THOMSON ----------­.._"'!I lilllO«:~©rn~rn©1i'~©llilO©~ 
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Derating Curve 
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Output Characteristics 

lc (A) CC13350 

16 = 2A 
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Reverse Biased SOA 
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1/ 
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SGS35DB080D 

Typical VF Versus IF 

-VcE(V) 
GC13140 

2 

1.5 , 
A 

r----- TJ=25'C / 
/ 

TJ=125'C 

-le (A) 

Switching Times Inductive Load Versus 
Temperature 

CC13Z90 

% I 
r-- Yclamp = 300 V I 

le =15A t, 
180 

t- VBE(off) = -5V 

I r-- L= 500 ,uH 
hFE =10 

J 
160 

v 
140 

/ 
v - t, ,/~-"" 

..... r;::.. I"' 
120 

~ v 
100 

25 50 75 1 DO 

Switching Times Test Circuit 

Switching Times Inductive Load 

t (,us) 
GC13770 

t= Vo~amp = 300 V hrE = 1 D f= - L= 500,uH VaE(aff) = -5V f-

- t, 125'C !-f-l-
_,.----

t,~s·c 1--

-t, 125'C ..... 
1--- fo-"' I--

~,...--
~I-"' t, =25"C 

10- I 

0 6 12 18 24 30 36 lc(A) 

RBSOA Test Circuit 

Vee 

Yclomp 

t, adjusted tor nominal lc; lcils= 10 

4/4 ---------------------------- ~~~~~~g~:~~~ ----------------------------
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SGS50DB040D 
HALF BRIDGE NPN DARLINGTON 

POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHEELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 
• HIGH POWER DC/DC AND DC/AC CON­

VERTERS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEo Collector-Emitter Voltage (Ia = 0) 

VcEs Collector-Emitter Voltage (VaE= 0) 

VcEv Collector-Emitter Voltage (VaE = -2V) 

Vcao Collector-Base Voltage (IE= 0) 

VEBO Emitter-Base Voltage (lc = 0) 

lc Collector Current 

- lc Reverse Collector Current 

Is Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

T, Max. Operating Junction Temperature 

V1so Insulation Withstand Voltage (AC-RMS) 

April1990 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

'L2f1itlldY !' Rz Rz 

6 4 

R1 typ 80 Ohm R2 lyp 150 Ohm 

Value Unit 

400 v 
500 v 
500 v 
500 v 

7 v 
50 A 

50 A 

10 A 

500 A 

375 w 
-55 to 150 oc 

150 oc 

2500 v 

1/4 
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SGS50DB040D 

THERMAL DATA 

RthJ·case Thermal Resistance Junction-case (quarter bridge) Max 0.66 °C/W 
RthJ·ease Thermal Resistance Junction-case (diode) Max 1.1 °C/W 

Rthe·h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

IcEs Collector Cut-off VeE= 500 V 2 mA 
Current (VsE = 0) VcE=400V T; = 125 °C 10 mA 

icE X Collector Cut-off VcE=500V 2 mA 
Current (VsE = -2 V) VeE= 400 V T; = 125 °C 10 mA 

lEBO Emitter Cut-off Current VEB = 2 V 90 mA 
(lc = 0) 

VcE(sat)* Collector-Emitter lc =50 A Is= 5 A 1.5 3 v 
Saturation Voltage 

VsE(sat)* Base-Emitter lc =50 A Is= 5 A 2.3 3.3 v 
Saturation Voltage 

hFE* DC Current Gain lc =50 A VeE= 5 V 70 130 
lc =50 A VeE= 3 V 10 

INDUCTIVE LOAD Vee= 300 V lc =50 A 
Is Storage Time 1st= 4 A VsE(off)= -5 V 1.5 3 j.lS 

It Fall Time T; ~ 125 °C (see test circuits) 0.4 0.7 j.lS 

VF Diode Forward Voltage IF= 50 A 1.4 2 v 
lrr Diode Reverse IF= 50 A di/dt = 1 00 A/11s 0.2 0.5 ms 

Recovery Time 

· * Pulsed: Pulse duration = 300 !lS, duty cycle 1.5% 

Safe Operating Areas Thermal Impedance 

lc (A) 
GC1."5410 

. lc MAX 
PULSED PULSE OPERATION • 40 JlS ' 

K 
CC1.3070 

to' / 
: 
• lc MAX tms 

100!'5 a=t 
' CONT ,r--, . 6- 0.5 101 . . 6 0.3 

I Oms ,_ 
f- DC OPERATION 1'-

' ' . 
• For single non ·== 1 repelilive pulse 

" . . := H Tc 25°C 

. '' ' . ' . ' . ' 

10-1 

a=o .II' ~ Zth- k RlhJ-c 

.......rT1 0 = tp/T 

0 0 _IUL 
1/ ---t±J 

11111111 IIIII 
-

I 0° 

10 1 1 o' VeE (V) 
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Derating Curves 
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Output Characteristics 

GC134JO 
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SGS50DB040D 

Typical VF Versus IF 

-Vc,(V ) 

2 

1.5 

0.5 
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TJ =25 oC 
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.....-r 

CCI !I 90 4 

A 
./. -v 

/ 

"' TJ 125oC 

6 8 6 .10, 
-lc (A) 

Switching Times Inductive Load Versus 
Temperature 

CC13500 

% 

VcJomp = 300 V 
t, v 

r-- / lc =50A r--
VeE(off) = -5V v 

180 

160 1-- hrr =20 v 
1/ 

/ 
140 

/ 
/ t, 

120 

100 £.. -1--
25 50 75 I 00 

Switching Times Test Circuit 

Switching Times Inductive Load 

CC13510 

t (f.Ls) 

1-- t, 1zs·c 

t, 25'C 

1--t, 12s•c ..... _ ..... 
~ t1 =z5•c 

Vclomp 300 v I= 
VaE(off) = -5V r-
hrE = 10 

r-

20 40 lc (A) 

RBSOA Test Circuit 

sco~sso 

lp adjusted for nominal lc; leila= 10 
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SGS50DB045D 
HALF BRIDGE NPN DARLINGTON 

POWER MODULE 

• POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS) 

• LOW Rth JUNCTION TO CASE 
• FREEWHELING DIODE 
• ADAPTED FOR HIGH POWER SWITCHING 

APPLICATIONS 

INDUSTRIAL APPLICATIONS: 
• MOTOR CONTROL 
• HIGH POWER SMPS AND UPS 
• HIGH POWER DC/DC AND DC/AC CON­

VERTERS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEo Collector-Emitter Voltage (Is = 0) 

VcEs Collector-Emitter Voltage (VsE= 0) 

VcEv Collector-Emitter Voltage (VsE = -2v) 

Vcso Collector-Base Voltage (IE = 0) 

VEBO Emitter-Base Voltage (lc = 0) 

lc Collector Current 

- lc Reverse Collector Current 

Is Base Current 

- lcsM Collector Surge Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

TJ Max. Operating Junction Temperature 

VISO Insulation Withstand Voltage (AC-RMS) 

April1990 

TRANSPACK (T0-240) 

INTERNAL SCHEMATIC DIAGRAM 

R1 typ 80 Ohm R2 lyp 150 Ohm 

Value Unit 

450 v 
500 v 
500 v 
500 v 

7 v 
50 A 

50 A 

10 A 

500 A 

375 w 
-55 to 150 oc 

150 oc 

2500 v 

1/4 
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SGS50DB045D 

THERMAL DATA 

RthJ·case Thermal Resistance Junction-case (quarter bridge) Max 0.66 °C/W 
RthJ-case Thermal Resistance Junction-case (diode) Max 1.1 °C/W 

Rthc-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 0.05 °C/W 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

IcEs Collector Cut-off VcE=600V 2 mA 
Current (VsE = 0) VeE= 450 V T1 = 125 °C 10 mA 

lcEV Collector Cut-off VeE= 600 V 2 mA 
Current (VsE = -2 V) VeE= 450 V T1 = 125 °C 10 mA 

lEBO Emitter Cut-off Current VEs = 2 V 90 mA 
(lc = 0) 

VcE(sat)* Collector-Emitter lc =50 A Is= 5 A 1.5 3 v 
Saturation Voltage 

VsE(sat)* Base-Emitter lc =50 A Is= 5 A 2.3 3.3 v 
Saturation Voltage 

hFE* DC Current Gain lc =50 A VeE= 5 V 70 130 
lc =50 A VeE= 3 V 10 

INDUCTIVE LOAD Vee= 250 v le =50 A 
Is Storage Time 1st= 4 A VsE(oft)= -5 V 1.5 3 J.IS 
It Fall Time T1 5 125 °C (see test circuits) 0.4 0.7 J.IS 

VF Diode Forward Voltage IF= 50 A 1.4 2 v 
!rr Diode Reverse IF= 50 A dildt = 100 A/IJ.S 0.2 0.5 !J.S 

Recovery Time 

" Pulsed: Pulse duration = 300 flS, duty cycle 1.5 % 

Safe Operating Areas Thermal Impedance 

102 

• 
• lc MAX 

PULSED PULSE OPERATION • 
40 jLS ' J(' . 

CC1J 10 
lc(A) K 

OC1.3070 

. . lc MAX lms 
100jLS o= 1 

2 CONT '"""!"-. N. .... 
: 
4 

2f--f- DC OPERATION 
10ms 

1'\. . . 
101 6 0.5 ~ ~ 6 0.3 .... 

o = O.t 
, 

Zth = k RthJ-<: 

.....rTi d= lp/T 

'r-- • For single non •r-- repetitive pulse 1'\. . 
' 4 R Tc-zs•c ,r--

II II . . . ' . .. 2 . . 

ti-0 JUL 
-t±J 

11111111 IIIII 
- -10 1 VeE (V) 

10-2 

10 • 10 3 10 2 10 1 10° t0 (s) 
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Derating Curves 
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Output Characteristics 
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SGS50DB045D 

Typical VF Versus IF 
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IRFK4H150 
N -CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 

TYPE 
IRFK4H150 

• HIGH CURRENT POWER MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUAL SOURCE CONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 

INDUSTRIAL APPLICATIONS: 
• DC/DC AND DC/AC CONVENTERS 
• SMPS& UPS 
• MOTOR CONTROL 

ABSOLUTE MAXIMUM RATINGS 

TRANSPACK (T0-240A) 

INTERNAL SCHEMATIC DIAGRAM 

~ 
s:~no 

L 6 

Symbol Parameter Value ! Unit I 
Vos Dram-Source Voltage (VGs = 0) 100 I V I 

VoGR Drain-Gate Voltage (RGs = 20 kQ) 1 oo V ! 

VGs Gate-Source Voltage ± 20 V I 

lo Drain Current (continUOUS) at Tc = 25 °C ___ f--______ 1_45 ______ -i---~~ 
lo Drain Current (continuous) at Tc = 100 °C 90 I A J1 

f----+----~---~------f-------- ----------~---
1oM(•) Drain Current (pulsed) 500 A ! 

f---'--P_:_to--'-t --+T-o-ta_I_D-is-si-pa_t...:.:lo-n-at_T_:c_=_2_5--=-0-C-------~- ---- -----5-0_0 _______ r---w--j 
Derating Factor 4 W/°C 1 

Tstg Storage Temperature -55 to 150 °C 

Max. Operating Junction Temperature 150 °C 

V1so Insulation Withstand Voltage (AC) 2500 v 
(•) Pulse width limited by safe operating area 

September 1990 1/5 
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IRFK4H150 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Case-heatsink 

Max 
Typ 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 1 mA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vas = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 

IGss Gate-Body Leakage VGs = ± 20 V 
Current (Vas= 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vas= VGs lo = 1 mA 

Res( on) Static Drain-Source VGs = 10V lo = 80 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

gfs Forward Vos > lo(on) X Ros(on)max lo = 80 A 
Transconductance 

Crss Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 24 V lo =50 A 
tr Rise Time RGs = 3.3 Q VGs = 10 V 

td(off) Turn-off Delay Time 
It Fall Time 

Qg Total Gate Charge VGs= 10V lo = 200 A Vos = 80 V 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso = 160 A VGs = 0 

trr Reverse Recovery lso = 160 A di/dt = 1 00 A/11s 
Time 

(•) Pulsed: Pulse duration= 300 I!S, duty cycle 1.5% 
(•) Pulse Width limited by safe operating area 

Min. 

100 

Min. 

2 

Min. 

36 

Min. 

Min. 

0.25 
0.10 

Typ. 

Typ. 

Typ. 

Typ. 

50 
160 
150 
100 

Typ. 

600 

Max. 

1 
4 

± 400 

Max. 

4 

0.014 

Max. 

12 
6 
2 

Max. 

480 

Max. 

145 
500 

2.5 

Unit 

v 

mA 
mA 

nA 

Unit 

v 
Q 

Unit 

mho 

nF 
nF 
nF 

Unit 

ns 
ns 
ns 
ns 

nC 

Unit 

A 
A 

v 
ns 
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IRFK4H150 

Safe Operating Areas Thermal impedance 
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IRFK4H150 

Static Drain-Source On Resistance 
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IRFK4H150 

Source-Drain Diode Forward Characteristics 
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IRFK4H250 
N-CHANNELENHANCEMENTMODE 
POWER MOS TRANSISTOR MODULE 

TYPE 

IRFK4H250 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUAL SOURCE CONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 

INDUSTRIAL APPLICATIONS: 
• DC/DC & DC/AC CONVERTERS 
• SMPS & UPS 

TRANSPACK (T0-240A} 

• MOTOR CONTROL 

INTERNAL SCHEMATIC DIAGRAM 

~ 
S:O.t72D 

L 6 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vos Drain-Source Voltage (VGs = 0) 200 v 
VoGR Drain-Gate Voltage (RGs = 20 kQ) 200 v 
VGs Gate-Source Voltage ± 20 v 
lo Drain Current (continuous) at Tc = 25 °C 108 A 

lo Drain Current (continuous) at Tc = 100 °C 68 A 

1oM(•) Drain Current (pulsed) 380 A 

Ptot Total Dissipation at Tc = 25 °C 500 w 
Derating Factor 4 W/°C 

Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 
(•) Pulse widlh lim1ted by safe operating area 

September 1990 1/5 
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IRFK4H250 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Case-heatsink 

Max 
Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions 

VtBRtOSS Dram-Source lo = 1 mA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 

IGss Gate-Body Leakage VGs = ± 20 V 
Current (Vos = 0) 

ON(*) 

Symbol I Parameter Test Conditions 

VGs(th) !Gate Threshold Voltage Vos = VGs lo = 1 mA 

Roston) 1
1
Static Drain-Source VGs = 10V lo = 64 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

9ts Forward Vos > Iotan) X Ros(on)max lo = 64 A 
Transconductance 

CISS Input Capacitance Vos = 25 V I= 1 MHz VGs = 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 95 V lo = 40 A 
t, Rise Time RGs = 3.3 Q VGs=10V 

td(off) Turn-off Delay Time 
It Fall Ttme 

Og Total Gate Charge VGs=10V lo=152A Vos=160V 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

{pulsed) 

Vso Forward On Voltage lso = 120 A VGs = 0 

t, Reverse Recovery lso=120A di/dt = 1 00 A/Jls 
Time 

(*) Pulsed· Pulse duratton = 300 JlS, duty cycle 1.5% 
(•) Pulse Width l1m1ted by safe operattng area 

Min. 

200 

Min. 

2 

Min. 

36 

Min. 

Min. 

0.25 
0.10 

Typ. 

Typ. 

Typ. 

Typ. 

50 
200 
230 
80 

Typ. 

600 

Max. 

1 
4 

± 400 

Max. 

4 

21 

Max. 

12 
4.5 
2 

Max. 

480 

Max. 

108 
380 

2 

Unit 

v 

mA 
mA 

nA 

Unit 

v 
mn 

Unit 

mho 

nF 
nF 
nF 

Unit 

ns 
ns 
ns 
ns 

nO 

Unit 

A 
A 

v 
ns 
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Safe Operating Areas 
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IRFK4H250 

Static Drain-Source On Resistance 
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IRFK4H250 

Source-Drain Diode Forward Characteristics 
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-
IRFK4H450 

N-CHANNELENHANCEMENTMODE 
POWER MOS TRANSISTOR MODULE 

TYPE 
IRFK4H450 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION CASE 
• DUALSOURCECONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 

INDUSTRIAL APPLICATIONS: 
• SMPS & UPS 
• MOTOR CONTROL 

TRANSPACK (T0-240A) 

• WELDING EQUIPMENT 

INTERNAL SCHEMATIC DIAGRAM 

b---fiT-C 
"""~4 6 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vos Drain-Source Voltage (VGs; 0) 500 v 
VoGR Drain-Gate Voltage (RGs ; 20 kQ) 500 v 
VGs Gate-Source Voltage ± 20 v 
lo Drain Current (continuous) at Tc; 25 °C 44 A 

Ia Dram Current (continuous) at Tc; 100 °C 28 A 

I oM(•) Drain Current (pulsed) 165 A 

Ptot Total Dissipation at Tc; 25 °C 500 w 
Derating Factor 4 W/°C 

Tstg Storage Temperature -55 to 150 oc 

T; Max. Operating Junction Temperature 150 oc 

Vtso Insulation Withstand Voltage (AC) 2500 v 
(•) Pulse width limited by safe operatmg area 
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IRFK4H450 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Case-heatsink 

Max 
Typ 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 1 mA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 

IGSS Gate-Body Leakage VGs=±20V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGs(th) Gate Threshold Voltage Vos = VGs lo = 1 mA 

Ros(on) Static Drain-Source VGs = 10V lo = 28 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

gts Forward Vos > lo(on) X Ros(on)max lo = 28 A 
Transconductance 

CISS Input Capacitance Vos = 25 V I= 1 MHz VGs = 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 210 V lo = 28 A 
lr Rise Time RGs = 3.3 Q VGs=10V 

ld(off) Turn-off Delay Time 
It Fall Time 

Qg Total Gate Charge VGs=10V lo = 64 A Vos = 400 V 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso =52 A VGs = 0 

lrr Reverse Recovery lso =52 A dildt = 100 A/J.lS 
Time 

(*) Pulsed: Pulse duration= 300 ~s. duty cycle 1.5% 
(•) Pulse width limited by safe operating area 

Min_ 

500 

Min. 

2 

Min. 

24 

Min. 

Min. 

0.25 
0.10 

Typ. 

Typ. 

Typ. 

Typ. 

50 
80 

250 
100 

400 

Typ. 

1300 

Max. 

1 
4 

± 400 

Max. 

4 

0.1 

Max. 

12 
2.4 
1 

Max. 

Max. 

44 
165 

1.4 

Unit 

v 

mA 
mA 

nA 

Unit 

v 
Q 

Unit 

mho 

nF 
nF 
nF 

Unit 

ns 
ns 
ns 
ns 

nC 

Unit 

A 
A 

v 
ns 
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Safe Operating Areas 
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IRFK4H450 

Static Drain-Source On Resistance 
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Source-Drain Diode Forward Characteristics 
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IRFK6H150 
N-CHANNELENHANCEMENTMODE 
POWER MOS TRANSISTOR MODULE 

TYPE 

IRFK6H150 

• HIGH CURRENT POWER MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUALSOURCECONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 

INDUSTRIAL APPLICATIONS: 
• DC/DC AND DC/AC CONVENTERS 
• SMPS & UPS 
• MOTOR CONTROL 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-Source Voltage (VGs = 0) 

VoGR Drain-Gate Voltage (RGs = 20 kQ) 

VGs Gate-Source Voltage 

lo Drain Current (continuous) at Tc = 25 °C 

lo Drain Current (continuous) at Tc = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

Tt Max. Operating Junction Temperature 

Vtso !Insulation Withstand Voltage (AC) 

(•) Pulse wrdth limited by safe operating area 

September 1 990 

ADVANCE DATA 

TRANSPACK (T0-240A} 

INTERNAL SCHEMATIC DIAGRAM 

~ L 6 

Value 

100 

100 

± 20 

150 

120 

665 

625 

5 

-55 to 150 

150 

2500 

Unit 

v 
v 
v 
A 

A 

A 

w 
W!"C 

oc 

oc 

v 
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IRFK6H150 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Case-heatsink 

Max 
Typ 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions 

V(BR)OSS Drain-Source lo=1.5mA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 

IGss Gate-Body Leakage VGs = ± 20 V 
Current (Vos = 0) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 1.5 mA 

Ros(on) Static Drain-Source VGs = 10V lo = 120 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

g1s Forward Vos > lo(on) X Ros(on)max lo = 120 A 
Transconductance 

c.ss Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 
Cess Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING 

Symbol Parameter Test Conditions 

ld(on) Turn-on Time Voo = 40 V lo = 120 A 
lr R1se Time · RG = 3.3 Q VGs = 10 V 

ld(off) Turn-off Delay Time 
It Fall Ttme 

Qg Total Gate Charge VGs=10V lo = 190 A Vos = 80 V 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso = 190 A VGs = 0 

lrr Reverse Recovery lso = 190 A dildt = 1 00 A/Jls 
Time 

(')Pulsed: Pulse duratiOn= 300 l!S, duty cycle 1 5% 
(•) Pulse width ilmtted by safe operatmg area 

Min. 

100 

Min. 

2 

Min. 

75 

Min. 

Min. 

0.2 
0.10 

Typ. 

Typ. 

Typ. 

16 
6 

1.5 

Typ. 

130 
400 
350 
80 

600 

Typ. 

600 

Max. 

1.5 
6 

± 600 

Max. 

4 

0.010 

Max. 

Max. 

Max. 

150 
665 

2.5 

Unit 

v 

mA 
mA 

nA 

Unit 

v 
Q 

Unit 

mho 

nF 
nF 
nF 

Unit 

ns 
ns 
ns 
ns 

nC 

Unit 

A 
A 

v 
ns 
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IRFK6H250 
N -CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 

ADVANCE DATA 

TYPE 

IRFK6H250 

• HIGH CURRENT POWER MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUALSOURCECONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 

INDUSTRIAL APPLICATIONS: 
• DC/DC AND DC/AC CONVENTERS 
• SMPS & UPS 

TRANSPACK (T0-240A) 

• MOTOR CONTROL 

INTERNAL SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vos Drain-Source Voltage (VGs = 0) 200 v 
VoGR Dram-Gate Voltage (RGs = 20 kQ) 200 v 
VGs Gate-Source Voltage ± 20 v 
lo Drain Current (continuous) at T c = 25 °C 140 A 

lo Drain Current (continuous) at T c = 100 °C 90 A 

1oM(•) Drain Current (pulsed) 490 A 

Ptot Total Dissipation at Tc = 25 °C 625 w 
Derating Factor 5 W/°C 

Tstg Storage Temperature -55 to 150 oc 

TJ Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC) 2500 v 
(•) Pulse w1dth hmited by safe operatmg area 
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IRFK6H250 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Case-heatsink 

Max 
Typ 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 
OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 1.5 mA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (V GS = 0) Vas = Max Rating x 0.8 Tc=125°C 

IGss Gate-Body Leakage VGs = ± 20 V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 1.5 mA 

Res( on) Static Drain-Source VGs = 10V lo = 90 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

g1s Forward Vas> lo(on) X Ros(on)max lo = 90 A 
Transconductance 

CISS Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING 

Symbol Parameter Test Conditions 

ld(on) Turn-on Time Voo = 95 V Ia = 90 A 
lr Rise Time RG = 3.3 Q VGs = 10 V 

ld(off) Turn-off Delay Time 
It Fall Time 

Qg Total Gate Charge VGs = 10 V lo = 140 A Vas= 160 V 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso = 140 A VGs = 0 

lrr Reverse Recovery lso = 140 A di/dt = 1 00 A/f!S 
Time 

(•) Pulsed: Pulse duration= 300 I!S, duty cycle 1.5% 
(•) Pulse wtdth limited by safe operatmg area 

Min. 

200 

Min. 

2 

Min. 

55 

Min. 

Min. 

0.2 
0.10 

Typ. 

Typ. 

Typ. 

18 
4 
1 

Typ. 

80 
290 
360 
100 

600 

Typ. 

550 

Max. 

1.5 
6 

± 600 

Max. 

4 

0.015 

Max. 

Max. 

Max. 

140 
490 

2 

Unit 

v 

mA 
mA 

nA 

Unit 

v 
Q 

Unit 

mho 

nF 
nF 
nF 

Unit 

ns 
ns 
ns 
ns 

nC 

Unit 

A 
A 

v 
ns 
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IRFK6H350 
N -CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 

ADVANCE DATA 

TYPE 

IRFK6H350 

• HIGH CURRENT POWER MOS MODULE 
• VERY LOW Rth JUNCTION CASE 
• DUALSOURCECONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 

INDUSTRIAL APPLICATIONS: 
• DC/DC & DC/AC CONVERTERS 
• SMPS & UPS 

TRANSPACK (T0-240A) 

• MOTOR CONTROL 
• WELDING EQUIPMENT 

INTERNAL SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vos Drain-Source Voltage (VGs; 0) 400 v 
VoGR Drain-Gate Voltage (RGs ; 20 kQ) 400 v 
VGs Gate-Source Voltage ± 20 v 
lo Drain Current (continuous) at Tc; 25 °C 75 A 

lo Drain Current (continuous) at Tc; 100 °C 48 A 

1oM(•) Drain Current (pulsed) 260 A 

Ptot Total Dissipation at Tc; 25 °C 625 w 
Derating Factor 5 W/°C 

Tstg Storage Temperature -55 to 150 oc 

Tl Max. Operating Junction Temperature 150 oc 
Vtso Insulation Withstand Voltage (AC-RMS) 2500 v 

(•) Pulse width limtled by safe operatmg area 
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IRFK6H350 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Case-heatsink 

Max 
Typ 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Sym_bol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 1.5 rnA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 

IGSS Gate-Body Leakage VGs=±20V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 1.5 rnA 

Ros(on) Static Drain-Source VGs = 10V lo = 48 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

g1s Forward Vos > lo(on) 'x Ros(on)max lo = 48A 
Transconductance 

CISS Input Capacitance Vos = 25 V I= 1 MHz VGs = 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING 

Symbol Parameter Test Conditions 

td(on) Turn-on Ttme Voo = 180 V lo = 48 A 
tr Rtse Time RG = 3.3 Q VGs = 10 V 

td(olf) Turn-off Delay Time 
tr Fall Time 

Og Total Gate Charge VGs=10V lo = 75 A Vos=320V 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Dratn Current 

(pulsed) 

Vso Forward On Voltage lso = 75 A VGs = 0 

trr Reverse Recovery lso = 75 A di!dt = 100 A/J.lS 
Time 

('·) Pulsed· Pulse duration = 300 jlS, duty cycle t .5% 
(•) Pulse w1dth limited by safe operating area 

Min. 

400 

Min. 

2 

Min. 

36 

Min. 

Min. 

0.2 
0.10 

Typ. 

Typ. 

Typ. 

16 
3 

1.5 

Typ. 

65 
120 
320 
100 

600 

Typ. 

1200 

Max. 

1.5 
6 

± 600 

Max. 

4 

0.05 

Max. 

Max. 

Max. 

75 
260 

1.6 

Unit 

v 

rnA 
rnA 

nA 

Unit 

v 
Q 

Unit 

mho 

nF 
nF 
nF 

Unit 

ns 
ns 
ns 
ns 

nQ 

Unit 

A 
A 

v 
ns 
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IRFK6H450 
N- CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 

ADVANCE DATA 

TYPE 

IRFK6H450 

• HIGH CURRENT POWER MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUALSOURCECONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 

INDUSTRIAL APPLICATIONS: 
• DC/DC AND DC/AC CONVENTERS 
• SMPS & UPS 

TRANSPACK (T0-240A) 

• MOTOR CONTROL 
• WELDING EQUIPMENT 

INTERNAL SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vos Drain-Source Voltage (VGs = 0) 500 v 
VoGR Dram-Gate Voltage (RGs = 20 kQ) 500 v 
VGs Gate-Source Voltage ± 20 v 
lo Drain Current (continuous) at T c = 25 °C 66 A 

lo Drain Current (continuous) at T c = 100 °C 42 A 

1oM(•) Drain Current (pulsed) 230 A 

Ptot Total Dissipation at Tc = 25 °C 625 w 
Derating Factor 5 W/°C 

Tstg Storage Temperature -55 to 150 oc 

Tt Max. Operating Junction Temperature 150 oc 

Vtso Insulation Withstand Voltage (AC) 2500 v 
(•) Pulse width limited by safe operating area 
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IRFK6H450 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Case-heatsink 

Max 
Typ 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 1.5 rnA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current {VGs = 0) Vos = Max Rating x 0.8 Tc=125°C 

IGss Gate-Body Leakage VGs = ± 20 V 
Current {Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vos = VGs lo=1.5mA 

Ros(on) Stat1c Drain-Source VGs = 10V lo = 42 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

g1s Forward Vos > lo(on) X Ros(on)max lo = 42 A 
Transconductance 

CISS Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 
Cess Output Capacitance 
Crss Reverse Transfer 

Capacitance 

·SWITCHING 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 210 V lo = 42 A 
t, Rise Time RG = 3.3 Q VGs = 10 V 

ld(oll) Turn-off Delay Time 
It Fall Time 

Qg Total Gate Charge VGs = 10 V lo = 66 A Vos = 400 V 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM{•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso = 66 A VGs = 0 

lrr Reverse Recovery lso = 66 A dildt = 100 AiJ.LS 
Time 

(•) Pulsed: Pulse duration= 300 ~s. duty cycle 1.5% 
(•) Pulse width limited by safe operating area 

Min. 

500 

Min. 

2 

Min. 

36 

Min. 

Min. 

0.2 
0.10 

Typ. 

Typ. 

Typ. 

16 
3 

1.5 

Typ. 

70 
110 
350 
110 

600 

Typ. 

1200 

Max. 

1.5 
6 

± 600 

Max. 

4 

0.067 

Max. 

Max. 

Max. 

66 
230 

1.4 

Unit 

v 

rnA 
rnA 

nA 

Unit 

v 
Q 

Unit 

mho 

nF 
nF 
nF 

Unit 

ns 
ns 
ns 
ns 

nC 

Unit 

A 
A 

v 
ns 
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SGS30MA050D1 
N-CHANNELENHANCEMENTMODE 
POWER MOS TRANSISTOR MODULE 

TYPE 

SGS30MA050D1 

• HIGH CURRENT POWER MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUALSOURCECONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500 V RMS) 

INDUSTRIAL APPLICATIONS: 
• SMPS & UPS 
• MOTOR CONTROL 

TRANSPACK (T0-240) 

• WELDING EQUIPMENT 

INTERNAL SCHEMATIC DIAGRAM 

t-frt-r: 
SCO.t730 

L 4 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vos Drain-Source Voltage (VGs = 0) 500 v 
VoGR Drain-Gate Voltage (RGs = 20 kQ) 500 v 
VGs Gate-Source Voltage ± 20 v 
lo Drain Current (continuous) at T c = 25 °C 30 A 

lo Drain Current (continuous) at Tc = 100 °C 19 A 

1oM(•) Drain Current (pulsed) 120 A 

Ptot Total Dissipation at Tc = 25 °C 400 w 
Derating Factor 3.2 W/°C 

Tstg Storage Temperature -55 to 150 oc 

TJ Max. Operating Junction Temperature 150 oc 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 
(•) Pulse wtdth limtted by safe operating area 
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SGS30MA050D1 

THERMAL DATA 

Rthj·case 

Rthc-h 
Thermal Resistance Junction-case 
Thermal Resistance Case-heatsink With Conductive 
Grease Applied 

Max 

Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 2 mA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 

IGSS Gate-Body Leakage VGs=±20V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 2 mA 

Ros(on) Static Drain-Source VGs=10V lo = 15 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

gts Forward Vos = 25 V lo = 15 A 
Transconductance 

CISS Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 
Cass Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 250 V lo = 15 A 
(di/dt)on Turn-on Current Slope RGs =50 Q VGs = 10 V 

td(off) Turn-off Delay Time L=100!1H 
tt Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso = 30 A VGs = 0 

trr Reverse Recovery lso = 30 A dildt = 150 A/j.lS 
Time 

(*) Pulsed: Pulse duration = 300 J.lS, duty cycle 1.5% 
(•) Pulse width limited by safe operating area 

Min. 

500 

Min. 

2 

Min. 

15 

Min. 

Min. 

0.31 

I 
°CJW I 
°C/W 0.20 

Typ. Max. Unit 

v 

500 11A 
2 mA 

± 400 nA 

Typ. Max. Unit 

4 v 
0.2 Q 

Typ. Max. Unit 

mho 

9100 pF 
1200 pF 
850 pF 

Typ. Max. Unit 

120 ns 
100 A/j.lS 

1500 ns 
300 ns 

Typ. Max. Unit 

30 A 
120 A 

2 v 
600 ns 
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SGS30MA050D1 

Safe Operating Areas Thermal Impedance 

lo(A 
GCI5BIO 

) . 
2 

...... 101'' 

K 
CC1307t 

I • 

10' 

. 
,.$> ... . v .... 2 0;-. 

'?-Q~;.. I' lms • . 1001's . 10ms 

2 lOOms "'' DC OPERATION ;t I' 
8 

li 
li ...Q.;,. ...... 
li =D . Zth = k RthJ-o 

,A 6= !0/T 

0 _n_n_ 
• • 

Tc =25 'C 
1/ I ~ 

2 

II 1 
111111111 IIIII 

-10-2 

10 4 10 3 10 2 10 I 10° 10 (s) 

Derating Curve Output Characteristics 

Ptal (W) r-T'"-,-,--,-.,....,.-,,.....,.....,....,--,-.,....,.-,,....r"c'\'15~eo:::,o GC 

10 (A) 
1.582 

I I I I 
I I I I 

VGs =10V~ 
6V I I 

s.sv 
~ I 

60 

~ I 
sv 

p I 
~ I 

40 

4.5V , 
4V 

1/ 
20 

I 
3.5V 

~ 
D 50 100 0 4 8 12 V05 (V) 

Transfer Characteristics Transconductance 

GC1583D 0Ct::i840 

lo (A) I'/ I 
'/ 

v05 =25V 'I 80 25 

TJ=-55 'C 
l 

IM , 
J 

60 1/....- ~ 

I~ 
f{)l' 125'C 

20 

15 

II 
TJ=125'C I-';+/1/ 

1- -
25'C ~J 1--

I 1// 1'-- -ss'c 

40 

20 

" 25'C 

Vos =25V 

10 

5 

I /r/ 
0 2 3 4 Vas (v) 0 10 20 30 40 10 (A) 

3/5 -------------liii ~~~;m&~:~~~ --------------
557 



SGS30MA050D1 

Static Drain-Source On Resistance 
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Source-Drain Diode Forward Characteristics 
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SGS35MA050D1 
N -CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 

TYPE 
SGS35MA050D1 

• HIGH CURRENT POWER MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUALSOURCECONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 

INDUSTRIAL APPLICATIONS: 
• SMPS & UPS 
• MOTOR CONTROL 

TRANSPACK (T0-240) 

• WELDING EQUIPMENT 

INTERNAL SCHEMATIC DIAGRAM 

SC0<7=----1 6 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vas Drain-Source Voltage (VGs = 0) 500 v 
VoGR Drain-Gate Voltage (RGs = 20 kQ) 500 v 
VGs Gate-Source Voltage ± 20 v 
lo Drain Current (continuous) at Tc = 25 °C 35 A 

lo Dram Current (continuous) at Tc = 100 °C 22 A 

1oM(•) Drain Current (pulsed) 140 A 

Ptot Total Dissipation at Tc = 25 °C 400 w 
Deratmg Factor 3.2 W!"C 

Tstg Storage Temperature -55 to 150 oc 

TJ Max. Operating Junction Temperature 150 oc 

Vtso Insulation Withstand Voltage (AC-RMS) 2500 v 
(•) Pulse wtdth ltmtted by safe operating area 
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SGS35MAOSOD1 

THERMAL DATA 

RthJ-case Thermal Resistance Junction-case Max 
Rthc-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 
OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 2 rnA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc= 125°C 

IGss Gate-Body Leakage VGs = ± 20 V 
Current (Vos = 0) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 2 rnA 

Ros(on) Static Drain-Source VGs = 10 V lo=17.5A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

grs Forward Vos = 25 V lo = 17.5 A 
Transconductance 

c.ss Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 
Cess Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 250 V lo=17.5A 
(dildt)on Turn-on Current Slope RGs =50 n VGs=10V 

ld(off) Turn-off Delay Time L = 100 11H 
It Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso = 35 A VGs = 0 

trr Reverse Recovery lso = 35 A dildt = 150 N11s 
Time 

(•) Pulsed: Pulse durat1on = 300 flS, duty cycle 1.5% 
(•) Pulse width limited by safe operating area 

Min. 

500 

Min. 

2 

Min. 

15 

Min. 

Min. 

0.31 °C/W 

0.20 °C/W 

Typ. Max. Unit 

v 

500 llA 
2 rnA 

± 500 nA 

Typ. Max. Unit 

4 v 
0.16 n 

Typ. Max. Unit 

mho 

12000 pF 
1500 pF 
1000 pF 

Typ. Max. Unit 

120 ns 
100 A/115 
1500 ns 
300 ns 

Typ. Max. Unit 

35 A 
140 A 

2 v 
600 ns 
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Safe Operating Areas 
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SGS35MA050D1 

Static Drain-Source On Resistance 
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Source-Drain Diode Forward Characteristics 
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SGS1 OOMA01 001 
N -CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 

TYPE 
SGS1 OOMA01 OD1 

• HIGH CURRENT POWER MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUAL SOURCE CONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 

INDUSTRIAL APPLICATIONS: 
• DC/DC & DC/AC CONVERTERS 
• SMPS & UPS 

(TRANSPACK) T0-240 

• MOTOR CONTROL 

INTERNAL SCHEMATIC DIAGRAM 

SC047=----1 6 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vos Drain-Source Voltage (Vas = 0) 100 v 
VoaR Drain-Gate Voltage (Ras = 20 kQ) 100 v 
VGs Gate-Source Voltage ± 20 v 
lo Drain Current (continuous) at T c = 25 'C 120 A 

lo Drain Current (continuous) at T c = 100 'C 75 A 

1oM(•) Drain Current (pulsed) 400 A 

Ptot Total Dissipation at Tc = 25 'C 400 w 
Derating Factor 3.2 W/°C 

Tstg Storage Temperature -55 to 150 'C 

Tl Max. Operating Junction Temperature 150 'C 

V1so Insulation Withstand Voltage (AC-RMS) 2500 v 
(•) Pulse wtdth limtted by safe operating area 
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SGS1 OOMA01 001 

THERMAL DATA 

Max 
I 

Rth1-case IT,hermal Resistance Junction-case 
Rthc·h Thermal Resistance Case-heatsink With Conductive 

Grease Applied 

Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 2 mA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 

IGSS Gate-Body Leakage VGs=±20V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 2 mA 

Ros(on) Static Drain-Source VGs = 10V lo =50 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

grs Forward Vos = 25 V lo =50 A 
Transconductance 

Ctss Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo =50 V lo =50 A 
(di/dt)on Turn-on Current Slope RGs =50 Q VGs=10V 

td(off) Turn-off Delay Time L = 100 [!H 
It Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso = 120 A VGs = 0 

trr Reverse Recovery lso = 120 A difdt = 1 oo A/~s 
Time 

(*) Pulsed: Pulse duration= 300 ~s. duty cycle 1.5% 
(•) Pulse width limited by safe operating area 

Min. 

100 

Min. 

2 

Min. 

20 

Min. 

Min. 

0.31 

0.20 °C/W 

Typ. Max. Unit 

v 

500 ~A 
2 mA 

± 400 nA 

Typ. Max. Unit 

4 v 
0.014 Q 

Typ. Max. Unit 

mho 

11200 pF 
4200 pF 
1700 pF 

Typ. Max. Unit 

120 ns 
100 A/[!S 

2000 ns 
300 ns 

Typ. Max. Unit 

120 A 
400 A 

2 v 
400 ns 
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Safe Operating Areas 
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SGS1 OOMA01 001 

Static Drain-Source On Resistance 
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Source-Drain Diode Forward Characteristics 
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SGS150MA01 001 
N -CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 

TYPE 

SGS150MA01 OD1 

• HIGH CURRENT POWER MODULE 
• VERY LOW Rth JUNCTION TO CASE 
• DUALSOURCECONTACTS 
• VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 
• ISOLATED CASE (2500V RMS) 

INDUSTRIAL APPLICATION: 
• DC/DC & DC/AC CONVERERS 
• SMPS & UPS 

TRANSPACK (T0-240) 

• MOTOR CONTROL 

INTERNAL SCHEMATIC DIAGRAM 

SC0<7~ 6 
ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vos Drain-Source Voltage (VGs = 0) 100 v 
VoGR Drain-Gate Voltage (RGs = 20 kQ) 100 v 
VGs Gate-Source Voltage ± 20 v 
lo Drain Current (continuous) at Tc = 25 °C 150 A 

lo Drain Current (continuous) at Tc = 100 °C 95 A 

1oM(•) Drain Current (pulsed) 600 A 

Ptot Total Dissipation at Tc = 25 °C 400 w 
Derating Factor 3.2 W/°C 

Tstg Storage Temperature -55 to 150 oc 

TJ Max. Operating Junction Temperature 150 oc 

Vtso Insulation Withstand Voltage (AC-RMS) 2500 v 
(•) Pulse wtdth limited by safe opera\tng area 

July 1990 1/5 

573 



SGS150MA01 001 

THERMAL DATA 

RthJ-case Thermal Resistance Junction-case Max 
Rthc-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied Max 

ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions 

V(BR)DSS Drain-Source lo = 2 mA VGs = 0 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 

IGss Gate-Body Leakage VGs = ± 20 V 
Current (Vos = 0) 

ON(!) 

Symbol Parameter Test Conditions 

VGS(Ih) Gate Threshold Voltage Vas= VGs lo = 2 mA 

Ros(on) Static Dram-Source VGs = 10V lo = 75 A 
On Resistance 

DYNAMIC 

Symbol Parameter Test Conditions 

Qts Forward Vos = 25 V lo = 75 A 
Transconductance 

CISS Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING (INDUCTIVE LOAD) 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo =50 V lo = 75 A 
( di/dt)on Turn-on Current Slope RGs =50 Q VGs = 10 V 

ld(off) Turn-off Delay Time L=100~H 
It Fall Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-Drain Current 
lsoM(•) Source-Drain Current 

(pulsed) 

Vso Forward On Voltage lso=150A VGs = 0 

lrr Reverse Recovery lso=150A dildt = 250 A/flS 
Time 

(") Pulsed: Pulse duration= 300 ~s. duty cycle 1.5% 
(•) Pulse Width l1m1ted by safe operatmg area 

Min. 

100 

Min. 

2 

Min. 

20 

Min. 

Min. 

0.31 °C/W 

0.20 °C/W 

Typ. Max. Unit 

v 

500 ~A 
2 mA 

± 500 nA 

Typ. Max. Unit 

4 v 
0.009 Q 

Typ. Max. Unit 

mho 

14000 pF 
5300 pF 
2200 pF 

Typ. Max. Unit 

120 ns 
100 AlflS 

2000 ns 
300 ns 

Typ. Max. Unit 

150 A 
600 A 

2 v 
400 ns 
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Safe Operating Areas Thermal Impedance 
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Derating Curve Output Characteristics 
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Transfer Characteristics Transconductance 
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Static Drain-Source On Resistance 
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Gate Charge vs Gate-source Voltage 
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Source-Drain Diode Forward Characteristics 
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Test Circuit For Inductive Load Switching 
and Diode Reverse Recovery Times 
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MECHANICAL DATA 

PIN CONNECTIONS 

pin 1: Source 
pin 3: Drain 

MOSFET 
pin 2: Gate 
pin 4: Source sensings 

DARLINGTON 
pin 1: Emitter pin 2: Base1 
pin 3: Collector pin 4: Base 2 

TRANSISTOR 
pin 1: Emitter pin 2: Base 
pin 3: Collector pin 4: Emitter sensing 

Torque: Mounting 1.3 ± 0.2 N • m (max) 
Weight: Package 25.5 g 

Note: The mechanical dala are the same for the 3 pin version 
(4th p1n missing) 

PACKAGES 

ISO TOP 
Fast-on version 

sales types with the suffix F 

DIMENSIONS 

mm Inches 

min. max min. max 

A 31.5 31.7 1.240 1.248 

B 6.2 6.4 0.244 0.252 

c 0.75 0.85 0.029 0.033 

D 14.9 15.1 0.586 0.590 

E 30.1 30.3 1.185 1.193 

F 38 38.2 1.496 1.503 

G 4 - 0.157 -
H 20.3 20.7 0.799 0.815 

L 8.9 9.1 0.350 0.358 

M 22.4 23 0.881 0.905 

N 25.2 25.4 0.992 1.000 
p 1.95 2.05 0.076 0.080 

a 4 - 0.157 -
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PACKAGES 

MECHANICAL DATA 

A ~ 
~ 

2.. 

Q 4 3[2] li1 
o.----... \ G 

1n~ M7 
I N 

:ffi} {2] 1 
~ 

J~ ~ -P 

E 

F PC-0301/1 

PIN CONNECTIONS 

MOSFET 
pin 1: Source pin 2: Gate 
pin 3: Drain pin 4: Source sensings 

DARLINGTON 
pin 1: Emitter pin 2: Base1 
pin 3: Collector pin 4: Base 2 

TRANSISTOR 
pin 1: Emitter pin 2: Base 
pin 3: Collector pin 4: Emitter sensing 

Torque: Terminal1.3 ± 0.2 N • m (max) 
Mounting 1.3 ± 0.2 N • m (max) 

Weight: Package 29 g 
4 Screws: 7.5 g 

Note: The mechanical data are the same for the 3 pm vers1on 
(4th pm missing) 

ISOTOP 
Screw version 

sales types with the suffix V 

DIMENSIONS 

mm inches 

min. max min. max 

A 31.5 31.7 1.240 1.248 

B 7.8 8.2 0.307 0.322 

c 4.1 4.3 0.161 0.169 

D 14.9 15.1 0.586 0.590 

E 30.1 30.3 1.185 1.193 

F 38 38.2 1.496 1.503 

G 4 - 0.157 -
H 11.8 12.2 0 464 0.480 

L 8.9 9.1 0.350 0.358 

M 12.6 12.8 0.496 0.503 

N 25.2 25.4 0.992 1.000 

p 1.95 2.05 0.076 0.080 

Q 4 - 0.157 -

------------------------------ ~~i~~~~~~9~~ ------------------------------
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MECHANICAL DATA 

p 3 1 ~1 

Torque: Terminal 2.2 ± 0.5 N • m (max) 
Mounting 3.5 ± 0.5 N • m (max) 

Weight: Package 110 g 
Accessory 21 g 

Note: The mechanical data are the same for the 2 power pm 
version (either p1n 1 or pin 2 m1ssing) 

PACKAGES 

TRANSPACK (T0-240) 

DIMENSIONS 

mm Inches 

min. max min. max 

A 91.5 92.5 3.602 3.641 

B 79.75 80.25 3.140 3.160 

c 19.5 20.55 0.767 0.809 

D 29.00 31.00 1.141 1.220 

E 28.8 30 1.134 1.181 

F 8.5 typ. 0.334typ. 

G 24.4 typ. 0.960 typ. 

H 19.5 20.5 0.767 0.807 

L 6.2 typ. 0.244 typ. 

M 8.95 11.05 0352 0435 

N 0.78 0.84 0.030 0.033 
p 2.72 2.87 0107 0.113 

R 14 - 0.551 -

s M5 
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SALES OFFICES 

EUROPE 

DENMARK 

2730 HERLEV 
Herlev Torv, 4 
Tel (45-42) 94 85 33 
Telex 35411 
Telefax (45-42) 948694 

FINLAND 

LOHJA SF-08150 
Karjalankatu, 2 
Tel1215511 
Telefax 12.155.66 

FRANCE 

94253 GENTILLY Cedex 
7 - avenue Galhenr - BP 93 
Tel (33-1) 47 40 75 75 
Telex 632570 STMHQ 
Telefax (33-1) 47 40 79 10 

67000 STRASBOURG 
20, Place des Hailes 
Tel (33) 88 75 50 66 
Telex 870001 F 
Telefax (33) 88 22 29 32 

ITALY 
20090 ASSAGO (MI) 
V le Mrlanofrorr - Strada 4- Palazzo A/4/A 
Tel (39-2) 892131 (10 lrnee) 
Telex 330131-330141 SGSAGR 
Telefax (39-2) 8250449 

40033 CASALECCHIO Dl RENO (BO) 
Vra R Fucrnr, 12 
Tel (39-51) 591914 
Telex 512442 
Telefax (39-51) 591305 

00161 ROMA 
Vra A Torlonra, 15 
Tel (39-6) 8443341 
Telex 620653 SGSATE I 
Telefax (39-6) 844447 4 

NETHERLANDS 

5652 AR EINDHOVEN 
Meerenakkerweg 1 
Tel (31-40) 550015 
Telex 51186 
Telefax (31-40) 528835 

SPAIN 

08021 BARCELONA 
Calle Platen, 6 41" Floor, 5~ Door 
Tel (34-3) 4143300-4143361 
Telefax (34-3) 2021461 

28027 MADRID 
Calle Albacete, 5 
Tel (34-1) 4051615 
Telex 27060 TCCEE 
Telefax (34-1)4031134 

SWEDEN 

S-16421 KISTA 
Borgarf1ordsgatan, 13- Box 1094 
Tel (46-8) 7939220 
Telex 12078 THSWS 
Telefax (46-8) 7504950 

SWITZERLAND 

1218 GRAND-SACONNEX (GENEVA) 
Chemrn Francors-Lehmann, 18/A 
Tel (41-22) 7986462 
Telex 415493 STM CH 
Telefax (41-22) 7984869 

UNITED KINGDOM and EIRE 

MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 
Tel {44-628) 890800 
Telex 847458 
Telefax (44-628) 890391 

GERMANY 

6000 FRANKFURT 
Gutleutstrabe 322 
Tel (49-69) 237492 
Telex 176997 689 
Telefax (49-69) 231957 
Teletex 6997689=STVBP 

8011 GRASBRUNN 
Bretonischer Rrng 4 
Neukeferloh Technopark 
Tel. (49-89) 46006-0 
Telex 528211 
T elefax ( 49-89) 4605454 
Teletex 897107=STDISTR 

3000 HANNOVER 1 
Eckenerstrasse 5 
Tel (49-511) 634191 
Telex 175118418 
Teletex 5118418 csfbeh 
Telefax (49-511) 633552 

8500 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel (49-911) 59893-0 
Telex. 626243 
Telefax (49-911) 5980701 

5200 SIEGBURG 
Frankfurter Str 22a 
Tel (49-2241) 660 84-86 
Telex 889510 
Telefax (49-2241) 67584 

7000 STUTTGART 
Oberer Krrchhaldenweg 135 
Tel (49-711) 692041 
Telex 721718 
Telefax (49-711) 691408 



AMERICAS 

BRAZIL 

05413 SAO PAULO 
R Hennque Schaumann 286-CJ33 
Tel (55-11) 883-5455 
Telex (391 )11-37988 "UMBR BR" 
Telefax 11-551-128-22367 

CANADA 

BRAMPTON, ONTARIO 
341 Main St North 
Tel (416) 455-0505 
Telefax 416-455-2606 

U.S.A. 

NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
1000 East Bell Road 
Phoen1x, AZ 85022-2699 
(1)-(602) 867-6100 

SALES COVERAGE BY STATE 

ALABAMA 
Huntsville- (205) 533-5995 

ARIZONA 
Phoen1x- (602) 867-6340 

CALIFORNIA 
Santa Ana- (714) 957-6018 
San Jose- (408) 452-8585 

COLORADO 
Boulder (303) 449-9000 

ILLINOIS 
Schaumburg- (708) 517-1890 

INDIANA 
Kokomo- (317) 459-4700 

MASSACHUSETTS 
Lincoln- (617) 259-0300 

MICHIGAN 
Livoma- (313) 462-4030 

NEW JERSEY 
Voorhees- (609) 772-6222 

NEW YORK 
Poughkeepsie - (914) 454-8813 

NORTH CAROLINA 
Rale1gh- (919) 787-6555 

TEXAS 
Carrollton - (214) 466-8844 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CONTACT 
THE FOLLOWING REGIONAL 
OFFICE IN THE U.S.A. 

PENNSYLVANIA 
Montgomeryville- (215) 362-8500 

ASIA I PACIFIC 

AUSTRALIA 

NSW 2027 EDGECLIFF 
SUite 211, Edgecliff centre 
203-233, New South Head Road 
Tel (61-2) 327 39 22 
Telex 071126911 TCAUS 
Telefax (61-2) 327 61 76 

CHINA 

BEIJING 
Be111ng No 5 Semiconductor 
Dev1ce Factory 
14 Wu Lu Tong Road 
Da Shang Mau Wa1 
Tel (861) 2024378 
Telex 222722 STM CH 

HONG KONG 
WANCHAI 
22nd Floor - Hopewell centre 
183 Queen's Road East 
Tel (852-5) 8615788 
Telex 60955 ESGIES HX 
Telefax (852-5) 8656589 

INDIA 

NEW DELHI110001 
LlasonOfflce 
62, Upper Ground Floor 
World Trade Centre 
Barakhamba Lane 
Tel 3715191 
Telex 031-66816 STMIIN 
Telefax 3715192 

KOREA 

SEOUL 121 
8th floor Sh1nwon Build1ng 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel (82-2) 553-0399 
Telex SGSKOR K29998 
Telefax (82-2) 552-1051 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo K1o - I nduslnal Park 2 
Tel (65) 4821411 
Telex RS 55201 ESGIES 
Telefax (65) 4820240 

TAIWAN 

TAIPEI 
12th Floor 
571, Tun Hua South Road 
Tel (886-2) 755-4111 
Telex 10310 ESGIE TW 
Telefax (886-2) 755-4008 

SALES OFFICES 

JAPAN 

TOKYO 108 
N1ssek1- Takanawa Bid 4F 
2-18-10Takanawa 
M1nato-Ku 
Tel (81-3) 280-4121 
Telefax (81-3) 280-4131 



lnformatton furntshed is believed to be accurate and reliable. However, SGS-THOMSON Mtcroelectrontcs assumes no responsability for the 
consequences of use of such informatton nor for any infringement of patents or other nghts of third parttes whtch may results from tts use. No 
license ts granted by tmplicatton or otherwtse under any patent or patent rights of SGS-THOMSON Mtcroelectrontcs. Spectftcattons menttoned 
in this publicatton are subject to change Without nottce. Thts publtcatton supersedes and replaces all informattons previously supplied. 

Cover design by Kett & Koppel, Segrate, Italy 
Printed by Garzanti, Cernusco S./N., Italy 

© 1990 SGS-THOMSON Mtcroelectronics- Printed in Italy- All Rights Reserved. 

SGS-THOMSON Mtcroelectromcs GROUP OF COMPANIES 
Australia- Braztl- Chtna- France- Hong Kong- Italy- Japan- Korea- Malaysta- Malta- Morocco- The Netherlands­

Singapore- Spatn- Sweden- Switzerland- Taiwan -Untied Ktngdom- U.S.A.- Germany 




