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Vorwort

Mit diesem neuen Datenbuch stellen wir
lhnen das aktuelle Produktspektrum der
SIPMOS-Leistungstransistoren und Di-
oden vor. Das Buch beinhaltet alle derzeit
bekannten Neuerungen, Verbesserungen
und Weiterentwicklungen auf diesem Ge-
biet.

Mit der Herausgabe dieses Buches wer-
den alle vorhergehenden Ausgaben
ungltig.

Produktspektrum

* SIPMOS-Leistungstransistoren
¢ |GBT-Transistoren
¢ FRED-Dioden

Halbleiterauswahl

Um die Bauelementeauswahl zu erleich-
tern, haben wir Typenibersichten mit den
wichtigsten technischen Eckdaten einge-
arbeitet. Die Datenblatter sind alphanu-
merisch sortiert und erleichtern so das
Auffinden des gesuchten Halbleiters. Ein
Vorspann gibt Auskunft Uber die wichtig-
sten Parameter und enthalt Angaben zur
Qualitdt und zur Verarbeitung bzw. Ver-
packung.

Kennzeichen in diesem Datenbuch

®  Eingetragenes Warenzeichen

B Schwerpunkitypen:

Sofort lieferbar tiber "Semiconductor
Distribution Center (SDC) Preis- und
Lagerliste, Ausgabe April 1993".

Preface

This new edition of our Data Book pre-
sents our current range of SIPMOS
power transistors and diodes, and in-
cludes all the innovations, improvements
and further developments in this field.

With the publication of this edition, all
previous editions of this Data Book cease
to be valid.

Product Range

* SIPMOS power transistors
e |GBT transistors
* FRED diodes

Semiconductor Selection

A selection guide comprising the different
types of semiconductors and their most
important parameters will help you to find
the right components. The individual data
sheets are included in alphanumerical
order and will further facilitate your type
selection. An introduction provides you
with information on the most important
parameters, on quality as well as mount-
ing and packaging.

Symbols in This Data Book

®  Registered trademark

B Preferred type:

Immediately available from the Semi-
conductor Distribution Center (SDC),
price and stock list as at April 1993.



SIEMENS

SIPMOS-
Halbleiter

Leistungstransistoren und
Dioden

Datenbuch 1993 / 94

SIPMOS
Semiconductors

Power Transistors and
Diodes

Data Book 1993 / 94



Herausgegeben von
Siemens AG, Bereich Halbleiter, Marketing-Kommunikation, BalanstraBe 73, 81541 Miinchen.

© Siemens AG 1993. Alle Rechte vorbehalten.

Gewahr flr die Freiheit von Rechten Dritter leisten wir nur fiir Bauelemente selbst, nicht fir
Anwendungen, Verfahren und fir die in Bauelementen oder Baugruppen realisierten Schaltungen.

Mit den Angaben werden die Bauelemente spezifiziert, nicht Eigenschaften zugesichert.
Liefermdglichkeiten und technische Anderungen vorbehaiten.

Fragen Uber Technik, Preise und Liefermdglichkeiten richten Sie bitte an den Ihnen néchstgelegenen
Vertrieb Halbleiter in Deutschland oder an unsere Landesgesellschaften im Ausland.

Bauelemente kdnnen auf Grund technischer Erfordernisse Gefahrstoffe enthalten. Auskiinfte dartiber
bitten wir unter Angabe des betreffenden Typs ebenfalls tiber den Vertrieb Halbleiter einzuholen.

Siemens AG ist ein Hersteller von CECC-qualifizierten Produkten.
Verpackung

Bitte benutzen Sie die Ihnen bekannten Verwerter. Wir helfen Ihnen auch weiter — wenden Sie sich an
die Vertriebsstelle, die flr Sie zustandig ist. Nach Rucksprache nehmen wir Verpackungsmaterial
sortiert zurlick. Die Transportkosten missen Sie tragen.

Fur Verpackungsmaterial, das unsortiert an uns zurtckgeliefert wird oder fir das wir keine
Rucknahmepflicht haben, missen wir Ihnen die anfallenden Kosten in Rechnung stellen.

Published by
Siemens AG, Bereich Halbleiter, Marketing-Kommunikation, BalanstraBe 73, 81541 Minchen.

© Siemens AG 1993. All Rights Reserved.

As far as patents or other rights of third parties are concerned, liability is only assumed for
components per se, not for applications, processes and circuits implemented within components or
assemblies.

The information describes the type of component and shall not be considered as assured
characteristics.

Terms of delivery and rights to change design reserved.

For questions on technology, delivery and prices please contact the Offices of Semiconductor Group
in Germany or the Siemens Companies and Representatives worldwide (see address list).

Due to technical requirements components may contain dangerous substances. For information on
the type in question please contact your nearest Siemens Office, Semiconductor Group.

Siemens AG is an approved CECC manufacturer.
Packing

Please use the recycling operators known to you. We can also help you — get in touch with your
nearest sales office. By agreement we will take packing material back, if it is sorted. You must bear
the costs of transport.

For packing material, that is returned to us unsorted or which we are not obliged to accept we shall
have to bill you all costs incurred.
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Sl E M E N S Typenibersicht

Selection Guide

SIPMOS® Power Transistors

N Channel Power Transistors

S
: ° S - ¢ VMT05152
TO-220 AB TO-218 AA TO-204 AA

Vos Rosemy | TYpe I Type I Type Iy
Vv Q A A A
50 18m BUZ 100 58.0 BUZ 346 58.0 BUZ 16 48.0
50 28m BUZ 12 42.0
50 30m BUZ 347 45.0 BUZ 15 45.0
50 35m BUZ 12A 42.0
50 40m BUZ 11 30.0
50 55m BUZ 11A 26.0
50 70m BUZ 10 23.0
50 0.1 BUZ 71 14.0
50 0.12 BUZ 71A 13.0
60 18m BUZ 346S2 |58.0 BUZ 16S2 |48.0
60 40m BUZ 11S2 [30.0
60 70m BUZ 10S2 [23.0
60 0.10 BUZ71S2 |14.0
60 0.15 BUZ 70 12.0
100 35m BUZ 344 46.0
100 45m BUZ 345 41.0
100 55m BUZ 22 24.0
100 60m BUZ 349 32.0 BUZ 24 32.0
100 85m BUZ 21 21.0
100 0.20 BUZ 72 10.0
100 0.20 BUZ 20 135
100 0.25 BUZ 72A 9.0
200 70m BUZ 341 33.0
200 0.12 BUZ 350 22.0 BUZ 36 22.0
200 0.13 BUZ 30A 21.0
200 0.20 BUZ 31 135
200 0.60 BUZ 73A 58
200 0.40 BUZ 73 7.0
200 0.40 BUZ 32 9.5

Semiconductor Group 9



SIEMENS

Typeniibersicht
Selection Guide

SIPMOS® Power Transistors

N Channel Power Transistors

o
G N VPTOS379
S VMT05152

TO-220 AB TO-218 AA TO-204 AA
Vos Roseny | Type Ip Type I Type I,
\' Q A A A
250 0.24 BUZ 255 13.0
400 0.30 BUZ 323 15.0
400 0.35 BUZ 325 125
400 0.40 BUZ 61 12.5 BUZ 64 1.5
400 0.50 BUZ 61A 11.0 BUZ 326 10.5
400 1.00 BUZ 60 5.5
400 1.80 BUZ 76 3.0
400 2.50 BUZ 76A 2.6
500 0.40 BUZ 338 13.5
500 0.50 BUZ 339 11.5 BUZ 45B 10.0
500 0.60 BUZ 330 9.5 BUZ 45 9.6
500 0.80 BUZ 40B 8.0 BUZ 331 8.0 BUZ 45A 8.3
500 1.50 BUZ 41A 4.5
500 2.00 BUZ 42 4.0
500 3.00 BUZ 74 2.4
500 4.00 BUZ 74A 2.1
600 0.50 BUZ 334 12.0
600 0.80 BUZ 91 8.0 BUZ 332 8.5
600 0.90 BUZ 91A 8.0 BUZ 332A |8.0 BUZ 94 7.8
600 1.60 BUZ 90 4.5
600 2.00 BUZ 90A 4.0
600 2.50 BUZ 93 3.6
600 3.00 BUZ 92 3.2
600 3.50 BUZ 77B 29
600 4.00 BUZ 77A 2.1

Semiconductor Group
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Sl E M E N S Typeniibersicht

Selection Guide

SIPMOS® Power Transistors

N Channel Power Transistors

VMT05152

TO-220 AB TO-218 AA TO-204 AA
Vos Rosony | TYPE I Type Ip Type Ip
\'} Q A A A
800 1.00 BUZ 305 7.5
800 1.50 BUZ 355 6.0 BUZ 84A 6.0
800 2.00 BUZ 356 5.0 BUZ 84 5.3

800 2.50 BUZ 81 4.0
800 3.00 BUZ 80A 3.0 BUZ 307 3.0

800 4.00 BUZ 80 26 BUZ 308 2.6

800 8.00 BUZ 78 1.5

1000 1.50 BUZ 312 6.0

1000 2.00 BUZ 357 5.0 BUZ 54 5.1
1000 2.60 BUZ 358 4.5 BUZ 54A 4.5

1000 4.00 BUZ 51 3.4
1000 5.00 BUZ 50A 25 BUZ 310 2.5 BUZ 53A 2.6
1000 6.00 BUZ 50C 23 BUZ 311 23
1000 8.00 BUZ 50B 2.0

Semiconductor Group 11



Sl E M E N S Typeniibersicht

Selection Guide

SIPMOS® Power Transistors

N Channel Logic Level Transistors

TO-220 AB
Vs Roson) Type I
v Q A
50 35m BUZ 12AL 42.0
50 55m BUZ 11AL 26.0
50 70m BUZ 10L 23.0
50 0.1 BUZ 71L 14.0
50 0.12 BUZ 71AL 13.0
60 0.15 BUZ 70L 12.0
100 85m BUZ 21L 21.0
100 0.20 BUZ 72L 10.0
100 0.25 BUZ 72AL 9.0
200 0.20 BUZ 31L 13.5
200 0.40 BUZ 73L 7.0
200 0.60 BUZ 73AL 5.8

P Channel Power Transistors

Vos Ropsion) Type Ip

\'} Q A
-50 0.15 BUZ 271 -22.0
-50 0.30 BUZ 171 -8.0
-100 0.60 BUZ 172 -5.0
-100 0.30 BUZ 272 -15.0
- 200 1.50 BUZ 173 -3.0

Semiconductor Group 12



SIEMENS Typeniibersicht

Selection Guide

SIPMOS® Power Transistors

FREDFET
N Channel with High-Speed Reverse
Diode
)
G o VPT05379
S VYMT0§152

TO-220 AB TO-218 AA TO-204 AA
Vos Roseny | Type I, Type I Type I
\" Q A A A
400 0.40 BUZ 382 12.5
400 1.00 BUZ 205 6.0
500 0.60 BUZ 384 10.5 BUZ 210 10.5
500 0.80 BUZ 385 9.0 BUZ 211 9.0
500 1.50 BUZ 215 5.1
1000 2.00 BUZ 380 5.5

Semiconductor Group 13



Sl E M E N S Typeniibersicht

Selection Guide

IGBT Transistors
Insulated Gate Bipolar Transistors

TO-220 AB TO-218 AA

Vee Type Ic Type Ic

Vv A A
1000 BUP 202 12.0 BUP 302 12.0
1000 BUP 203 21.0 BUP 303 21.0
1000 BUP 304 35.0
1200 BUP 200 5.0 BUP 300 5.0
1200 BUP 307 35.0

FRED Diodes
High-Speed Diodes

TO-218 AD
VHRM trr Type IFRMS
\' ns A
1000 55 BYP 100 5.0
1000 80 BYP 101 25.0
1000 130 BYP 102 50.0
1000 140 BYP 103 75.0
1200 100 BYP 301 20.0
1200 140 BYP 302 40.0
1200 150 BYP 303 60.0

Semiconductor Group 14



Iphanumerische Typenli
SI E M EN S List of Tysez in Alp::::merizgleOr;er
Typ Bestellnummer Seite Typ Bestellnummer Seite
Type Ordering Code Page Type Ordering Code Page
BBUP 200 C67078-A4400-A2 | 729 HBUZ 36 C67078-S1018-A2 | 252
EHBUP 202 C67078-A4401-A2 |735 HFBUZ40B |C67078-S1305-A4 |259
HBUP 203 C67078-A4402-A2 | 741 BHBUZ 41 A |C67078-S1306-A3 | 266
BBUP 300 C67078-A4203-A2 |729 HBUZ 42 C67078-S1311-A2 | 273
HBUP 302 C67078-A4205-A2 |735 BUZ 45 C67078-A1008-A8 | 279
EHBUP 303 C67078-A4202-A2 | 741 HBUZ 45 A | C67078-A1008-A9 |279
BBUP 304 C67078-A4200-A2 [747 HBUZ45B |C67078-A1008-A10 | 279
BBUP 307 C67078-A4201-A2 | 747 HBUZ50A |C67078-A1307-A3 | 288
BBUZ 10 C67078-S1300-A2 |137 |FBUZ50B |C67078-A1307-A4 |288
HBUZ10L |C67078-S1329-A2 |144 RHBUZ50C |C67078-A1307-A5 |288
HBUZ 10 S2 |C67078-S1300-A7 |137 HBUZ 51 C67078-S1344-A2 | 297
HBUZ 11 C67078-S1301-A2 | 151 HBUZ53 A |C67078-S1009-A3 | 304
HBBUZ 11 A | C67078-S1301-A3 | 151 HBUZ 54 C67078-S1010-A2 | 310
HBUZ 11 AL |C67078-S1330-A3 |159 HBUZ54 A |C67078-S1010-A3 |310
HBUZ 11 S2 | C67078-S1301-A5 | 151 HBUZ 60 C67078-S1312-A2 | 318
HBUZ 12 C67078-S1331-A2 | 166 |BUZ 61 C67078-S1341-A2 | 325
HBUZ 12 A |C67078-S1331-A3 [166 HBUZ61 A |C67078-S1341-A3 |325
HBUZ 12 AL |C67078-S1332-A3 |174 |HBUZ64 C67078-S1017-A2 | 333
HBUZ 15 C67078-S1001-A2 | 181 BBUZ 70 C67078-S1334-A2 | 340
HBUZ 16 C67078-S1020-A2 (188 HBUZ70L |C67078-S1325-A2 |347
BHBUZ 16 S2 | C67078-S1020-A3 | 188 HBUZ 71 C67078-S1316-A2 | 354
HBUZ 20 C67078-S1302-A2 (196 gBUZ71 A |C67078-S1316-A3 | 354
HBUZ 21 C67078-S1308-A2 [203 gBUZ 71 AL |C67078-S1326-A3 |362
BUZ21L |C67078-S1338-A2 |210 HBUZ71L |C67078-S1326-A2 |362
HBUZ 22 C67078-S1333-A2 |217 PBUZ71S2 |C67078-S1316-A9 |354
BHBUZ 24 C67078-S1003-A2 (224 gBUZ72 C67078-S1313-A2 | 370
BHBUZ30A |C67078-S1303-A3 |231 BHBUZ72 A |C67078-S1313-A3 | 370
BBUZ 31 C67078-S1304-A2 |238 |BUZ 72 AL |C67078-S1327-A3 | 378
gBUZ 32 C67078-S1310-A2 |245 [BUZ72L | C67078-S1327-A2 | 378
Semiconductor Group 15




Alphanumerische Typenliste
SI EME N s List of Typez i?\ AIphanumeriZapl Order
Typ Bestellnummer Seite Typ Bestellnummer Seite
Type Ordering Code Page Type Ordering Code Page
HBUZ 73 C67078-S1317-A2 | 386 BUZ 211 C67078-A1100-A2 |514
HBBUZ73 A |C67078-S1317-A3 | 386 HBUZ 215 C67078-A1400-A2 | 522
HBUZ 73 AL |C67078-S1328-A3 | 394 HBUZ 255 C67078-S1406-A2 | 528
HBBUZ73L |C67078-S1328-A2 (394 HBUZ 271 C67078-S1453-A2 | 535
BHBUZ 74 C67078-S1314-A2 | 402 BgBUZ 272 C67078-S1454-A2 | 541
HBUZ74 A |C67078-S1314-A3 |402 HBBUZ 305 C67078-S3134-A2 | 548
HBUZ 76 C67078-S1315-A2 | 410 HBUZ 307 C67078-A3100-A2 | 551
BBUZ76 A |C67078-S1315-A3 |410 BBUZ 308 C67078-A3109-A2 | 551
gBuUZ 77 C67078-S1320-A3 |418 BBUZ 310 C67078-A3101-A2 | 559
BBUZ77B |C67078-S1320-A5 |418 BHBUZ 311 C67078-A3102-A2 | 559
BBUZ 78 C67078-S1318-A2 |426 HBUZ 312 C67078-S3129-A2 | 567
HBUZ 80 C67078-A1309-A2 |433 [BUZ 323 C67078-S3127-A2 | 574
HBBUZ80A |C67078-A1309-A3 433 |gBUZ 325 C67078-S3118-A2 | 581
HBUZ 81 C67078-S1345-A2 | 441 HBUZ 326 C67078-S3112-A2 | 588
HBUZ 84 C67078-A1013-A2 |448 HBHBUZ 330 C67078-S3105-A2 | 595
HBUZ 84 A |C67078-A1013-A3 |448 HBUZ 331 C67078-S3114-A2 | 602
HBUZ 90 C67078-S1321-A2 | 456 HBUZ 332 C67078-S3123-A2 | 609
BHBUZ90A |C67078-S1321-A3 | 456 HBUZ 332 A |C67078-S3123-A4 | 609
HBUZ 91 C67078-S1342-A2 | 464 HBUZ 334 C67078-S3130-A2 | 617
BHBBUZ 91 A |C67078-S1342-A3 |464 BUZ 338 C67078-S3126-A2 | 624
HBUZ 92 C67078-S1343-A2 472 BUZ 339 C67078-S3133-A2 | 631
HBUZ 93 C67078-S1346-A2 | 472 BBUZ 341 C67078-S3128-A2 | 638
HBUZ 94 C67078-A1019-A2 480 |HBUZ 344 C67078-S3132-A2 | 645
BUZ 100 C67078-S1348-A2 |487 HBUZ 345 C67078-S3121-A2 | 652
BHBUZ 171 C67078-S1450-A2 {490 |BUZ 346 C67078-S3120-A2 | 659
HBUZ 172 C67078-A1451-A2 | 496 BUZ 346 S2 | C67078-S3120-A4 | 659
BBUZ 173 C67078-A1452-A2 | 502 HBUZ 347 C67078-S3115-A2 | 667
HBUZ 205 C67078-A1401-A2 | 508 BHBUZ 349 C67078-S3113-A2 | 674
HBUZ 210 C67078-A1102-A2 |514 BBUZ 350 C67078-S3117-A2 | 681
Semiconductor Group 16



SlEMENS Alphanumerische Typenliste

List of Types in Alphanumerical Order

Typ Bestellnummer Seite Typ Bestellnummer Seite
Type Ordering Code Page Type Ordering Code Page

JBUZ 355 C67078-A3107-A2 |688 EBYP 100 C67047-A2254-A2 | 755
HBUZ 356 C67078-A3108-A2 (688 HEBYP 101 C67047-A2072-A2 | 757
HBUZ 357 C67078-S3110-A2 [696 HBYP 102 C67047-A2071-A2 | 760
gBUZ 358 C67078-S3111-A2 |696 HBYP 103 C67047-A2066-A2 | 763

BUZ 380 C67078-A3205-A2 |704 EBYP 300 C67047-A2250-A2 | 766
HBUZ 382 C67078-A3207-A2 | 711 HBYP 301 C67047-A2251-A2 | 768
HBUZ 384 C67078-A3209-A2 |718 EBYP 302 C67047-A2252-A2 | 771
BBUZ 385 C67078-A3210-A2 |718 EBYP 303 C67047-A2253-A2 | 774

Semiconductor Group 17



SIEMENS

Alphanumerische Bestellnummernliste
List of Ordering Codes in Alphanumerical Order

Bestellnummer Typ Seite Bestellnummer Typ Seite
Ordering Code Type Page Ordering Code Type Page
HC67047-A2066-A2 |BYP 103 |763 HC67078-A3108-A2 |BUZ 356 |688
BHC67047-A2071-A2 |BYP 102 |760 HC67078-A3109-A2 |BUZ 308 | 551
HC67047-A2072-A2 |BYP 101 757 HC67078-A3205-A2 |BUZ 380 |704
BHC67047-A2250-A2 |BYP 300 766 HC67078-A3207-A2 |BUZ 382 711
HC67047-A2251-A2 | BYP 301 768 HC67078-A3209-A2 |BUZ384 718
HC67047-A2252-A2 |BYP 302 | 771 HC67078-A3210-A2 |BUZ385 |718
BHC67047-A2253-A2 |BYP 303 |774 HC67078-A4200-A2 |BUP 304 |747
HC67047-A2254-A2 |BYP 100 755 HC67078-A4201-A2 |BUP 307 |747
HC67078-A1008-A8 |BUZ 45 279 HC67078-A4202-A2 |BUP 303 | 741
HC67078-A1008-A9 |BUZ45A |279 HC67078-A4203-A2 |BUP 300 |729
HC67078-A1008-A10 |BUZ45B |279 HC67078-A4205-A2 |BUP 302 |735
HC67078-A1013-A2 |BUZ 84 448 HC67078-A4400-A2 |BUP 200 |729
HC67078-A1013-A3 |BUZ 84 A (448 HC67078-A4401-A2 |BUP 202 735
EC67078-A1019-A2 |BUZ 94 480  [JC67078-A4402-A2 |BUP 203 | 741
HC67078-A1100-A2 |BUZ 211 514 HC67078-S1001-A2 |BUZ 15 181
HC67078-A1102-A2 |BUZ210 514 HC67078-S1003-A2 |BUZ 24 224
HC67078-A1307-A3 |BUZ50 A |288 HC67078-S1009-A3 |BUZ53 A |304
HC67078-A1307-A4 |BUZ50B |288 HC67078-S1010-A2 |BUZ 54 310
BHC67078-A1307-A5 |BUZ50C |288 HC67078-S1010-A3 |BUZ54 A |310
HC67078-A1309-A2 | BUZ 80 433 HC67078-S1017-A2 |BUZ 64 333
HC67078-A1309-A3 |BUZ80 A |433 HC67078-S1018-A2 | BUZ 36 252
HC67078-A1400-A2 |BUZ 215 522 HC67078-S1020-A2 |BUZ 16 188
HC67078-A1401-A2 |BUZ 205 |508 HC67078-S1020-A3 |BUZ 16 S2 | 188
HC67078-A1451-A2 |BUZ 172 496 HC67078-S1300-A2 | BUZ 10 137
HC67078-A1452-A2 |BUZ 173 502 HC67078-S1300-A7 |BUZ 10 S2 | 137
BHC67078-A3100-A2 |BUZ 307 |551 HC67078-S1301-A2 |BUZ 11 151
HC67078-A3101-A2 |BUZ 310 |559 HC67078-S1301-A3 |BUZ 11 A | 151
HC67078-A3102-A2 |BUZ 311 559 HC67078-S1301-A5 |BUZ 11 S2 | 151
BHC67078-A3107-A2 |BUZ 355 |688 HC67078-S1302-A2 |BUZ 20 196
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Alphanumerische Bestellnummernliste
List of Ordering Codes in Alphanumerical Order

Bestellnummer Typ Seite Bestellnummer Typ Seite
Ordering Code Type Page Ordering Code Type Page
HC67078-S1303-A3 |BUZ30A |231 [HC67078-S1328-A2 |BUZ73L |394
HC67078-S1304-A2 |BUZ 31 238 EHC67078-S1328-A3 |BUZ 73 AL | 394
HC67078-S1305-A4 |BUZ40B [259 [C67078-S1329-A2 |BUZ10L |144
EHC67078-S1306-A3 |BUZ41 A [266 |C67078-S1330-A3 |BUZ 11 AL | 159
HC67078-S1308-A2 | BUZ 21 203 HC67078-S1331-A2 |BUZ 12 166
HC67078-S1310-A2 | BUZ 32 245 EFC67078-S1331-A3 |BUZ 12 A | 166
HC67078-S1311-A2 |BUZ 42 273 HC67078-S1332-A3 |BUZ 12 AL | 174
HC67078-S1312-A2 | BUZ 60 318 HC67078-S1333-A2 |BUZ 22 217
BHC67078-S1313-A2 |BUZ 72 370 HC67078-S1334-A2 |BUZ 70 340
HC67078-S1313-A3 |BUZ72A [370 |FC67078-S1338-A2 |BUZ21L |210
HC67078-S1314-A2 |BUZ 74 402 HC67078-S1341-A2 |BUZ 61 325
HC67078-S1314-A3 |BUZ74 A |402 [C67078-S1341-A3 |BUZ61 A |325
HC67078-S1315-A2 |BUZ 76 410 HFC67078-S1342-A2 |BUZ 91 464
HC67078-S1315-A3 |BUZ76 A |410 |FC67078-S1342-A3 |BUZ91 A 464
HC67078-S1316-A2 | BUZ 71 354 |FC67078-S1343-A2 |BUZ 92 472
BHC67078-S1316-A3 |BUZ71 A 354 C67078-S1344-A2 |BUZ 51 297
HC67078-S1316-A9 |BUZ71S2 |354 |JC67078-S1345-A2 |BUZ 81 441
BHC67078-S1317-A2 |BUZ 73 386 |C67078-S1346-A2 |BUZ 93 472
BHC67078-S1317-A3 |BUZ73 A |386 [C67078-S1348-A2 |BUZ 100 |487
BC67078-S1318-A2 |BUZ 78 426 |gC67078-S1406-A2 |BUZ 255 |528
HC67078-S1320-A3 |BUZ 77 418 FC67078-S1450-A2 |BUZ 171 |490
HC67078-S1320-A5 |BUZ77B (418 |C67078-S1453-A2 |BUZ271 |535
BHC67078-S1321-A2 | BUZ 90 456 |FC67078-S1454-A2 |BUZ 272 |541
HC67078-S1321-A3 |BUZ90 A |456 |C67078-S3105-A2 |BUZ 330 |595
HC67078-S1325-A2 |BUZ70L |347 EC67078-S3110-A2 |BUZ 357 |696
HC67078-S1326-A2 |BUZ71L (362 |C67078-S3111-A2 |BUZ 358 |696
HC67078-S1326-A3 |BUZ 71 AL |362 |C67078-S3112-A2 |BUZ 326 |588
HC67078-S1327-A2 |BUZ72L |378 |C67078-S3113-A2 |BUZ 349 |674
HC67078-S1327-A3 |BUZ72 AL |378 |C67078-S3114-A2 |BUZ 331 |602
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Alphanumerische Bestellnummernliste
Sl EM EN S List of Ordering Codes in Alphanumerical Order

Bestellnummer Typ Seite Bestellnummer Typ Seite
Ordering Code Type Page Ordering Code Type Page

BC67078-S3115-A2 |BUZ 347 | 667 BC67078-S3126-A2 |BUZ 338 |624
HC67078-S3117-A2 |BUZ 350 |681 HC67078-S3127-A2 |BUZ 323 |574
HC67078-S3118-A2 |BUZ 325 |581 BHC67078-S3128-A2 | BUZ 341 638
HC67078-S3120-A2 |BUZ 346 |659 BC67078-S3129-A2 |BUZ 312 |567

C67078-S3120-A4 | BUZ346S2 | 659 BHC67078-S3130-A2 |BUZ 334 |617
BHC67078-S3121-A2 |BUZ 345 |652 C67078-S3132-A2 |BUZ 344 |645
BHC67078-S3123-A2 |BUZ 332 |609 HC67078-S3133-A2 |BUZ 339 |631
HC67078-S3123-A4 | BUZ 332 A | 609 BHC67078-S3134-A2 |BUZ 305 |548

Semiconductor Group 20
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1 Ubersicht

1.1 SIPMOS-Leistungstransistoren

Leistungstransistoren im Bereich 50V ...
1000 Vund 10mQ ... 8 Q

Produktpalette

1 Overview

1.1 SIPMOS Power Transistors

Power transistors in the 50 V to 1000 V
and 10 mQ to 8 Q range

Product range

¢ N-Kanal Anreicherungstypen ¢ N-channel enhancement types
* P-Kanal Anreicherungstypen ¢ P-channel enhancement types
e FREDFET * FREDFET
e Logik Level ¢ Logic level
N Channel P Channel
D D
G G
s s
SIL00001 SIL00002
Bild 1 Figure 1
Schaltsymbol Graphical symbol

Allgemeines

SIPMOS-Transistoren sind selbstsper-
rende Feldeffekttransistoren mit den An-
schlissen: G 2 Gate, S 2 Source und D 2
Drain. Durch Anlegen einer Spannung
zwischen G und S wird der Kanalwider-
stand zwischen D und S gesteuert. Wie
bei bipolaren Transistoren unterscheidet
man N- und P-Kanal-Transistoren. N-Ka-
nal-Typen werden mit einer positiven
Gate-Source-Spannung gesteuert und
sperren positive Drain-Source-Spannun-

Semiconductor Group

General Remarks

SIPMOS transistors are self-blocking
field-effect transistors with G 2 GATE,
S 2 SOURCE and D 2 DRAIN connec-
tions. The channel resistance between D
and S is controlled by applying a voltage
across the G and S. As with bipolar tran-
sistors, a distinction is made between N-
and P-channel transistors. N-channel
types are controlled with a positive gate-
source voltage and block positive drain-
source voltages. In the case of P-channel
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gen. Bei P-Kanal-Typen sind die Span-
nungspolaritdten umgekehrt. SIPMOS-
Transistoren besitzen ein unsymmetri-
sches Sperrverhalten, d.h. sie sind nur in
der Drain-Source-Richtung sperrfahig. In
der Gegenrichtung ist die Inversdiode lei-
tend.

Das Typenspektrum bei N-Kanal ist ge-
genuber den P-Kanal-Transistoren um-
fangreicher. Die Ursache liegt in der phy-
sikalisch bedingt besseren Leitfahigkeit
des N-Kanals. Bei MOS-Transistoren
gleicher Sperrspannung und Chipflache
ist der Drain-Source-On-Widerstand
Ros(n) €ines P-Kanal-Transistors mehr als
doppelt so hoch als der eines N-Kanals.

Merkmale

* Spannungsgesteuert
¢ Hohe Schaltleistung
¢ Einfaches Parallelschalten
* Kurze Schaltzeiten
* Keine Speicherzeit
* Hohe Grenzfrequenz
* Hohe Strom- und Spannungsfestigkeit
* Uberlastsicherheit
(kein "Second Breakdown")
¢ Linearer Kennlinienverlauf
¢ Durchbruchspannungsfest
(avalanchefest)

Semiconductor Group
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types the voltage polarities are the
reverse. SIPMOS transistors have an
asymmetrical reverse behavior, i.e. they
can be rendered reverse-biased only in
the drain-source direction. The inverse
diode is forward-biased in the opposite
direction.

The range of N-channel types is more
extensive than that of P-channel transis-
tors. This is due to the better conductivity
of the N-channel for physical reasons. In
the case of MOS transistors having the
same reverse voltage and chip area the
drain-source ON resistance Rpsn Of a P-
channel resistor is more than twice as
high as that of an N-channel.

Features

* Voltage-controlled

* High making and breaking capacity

» Simple parallel connection

¢ Short switching times

* No carrier storage time

* High cutoff frequency

* High current-carrying capacity and di-
electric strength

* Overload protection
(no second breakdown)

* Linear characteristic

¢ Avalanche-rated
(avalanche-resistant)
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Einsatzméglichkeiten (Auswahl)

Schaltnetzteile
Gleichspannungswandler
Wechselrichter

Motorsteuerungen
Unterbrechungsfreie Stromversorgungen
Né&herungsschalter
Ultraschallgeneratoren

Flimmerfreie Monitore

NF-Verstarker

Frequenzumrichter fir Drehstromantriebe
Getaktete Stromversorgungen fur
SchweiBBgerate

L] L] L[] [ ] L] L] L] L] L] L] L]

Literaturhinweise

Leistungshalbleiter SIPMOS und IGBT
Bestell-Nr. B152-B6417-X-X-7400

Anwendungsbeispiele fir SIPMOS-Tran-
sistoren Bestell-Nr. B152-H6428
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Applications (Selected)

¢ Switched-mode power supply units

DC converters

Inverters

Motor control units

Uninterruptible power supplies

Proximity switches

Ultrasonic generators

Flicker-free monitors

AF amplifiers

Static frequency changers for three-

phase drives

* Clocked power supplies for welding
equipment

References

Power Semiconductors SIPMOS und IGBT
Ordering Code B152-B6417-X-X-7400

Application Notes for SIPMOS Power
Transistors Ordering Code B152-H6428-
X-X-7600
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1.2 IGBT-Transistoren

Hochsperrende spannungsgesteuerte Bi-
polar-Transistoren

Produktpalette

e IGBT-Transistoren im Bereich 1000 V ...
1200 Vund5A ... 35 A

Bild 2
Schaltsymbol

Merkmale

Spannungsgesteuerter MOS-Eingang
Niedrige DurchlaBspannung

Hohe Schaltgeschwindigkeit > 20 kHz
Kleiner Tailstrom

Geringe Temperaturabhangigkeit
KurzschluB3fest

Latch-up-frei

Durchbruchfest

Semiconductor Group

1.2 IGBT Transistors

Insulated Gate Bipolar Transistors

Product range

* |GBT transistors in the 1000 V to 1200 V
and 5 A to 35 A range

E

SIL00003

Figure 2
Graphical symbol

Features

Voltage-controlled MOS input
Low forward voltage

High switching speed

Low tail current

Low temperature dependence
Short-circuit-proof

No latch up

Avalanche-rated

26
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Einsatzméglichkeiten (Auswahl)

* Frequenzumrichter fir Drehstroman-
triebe

* Getaktete Stromversorgungen fir
Schweil3gerate

» Unterbrechungsfreie Stromversorgungen

¢ Schaltnetzteile gréBerer Leistung

¢ Kfz-Zindungen

1.3 FRED-Dioden
Fast Recovery Epitaxial Diode

Schnelle Leistungsdioden fir super-
schnelle Schalter mit "Soft"-Abschaltver-
halten.

Produkipaietie

e Dioden im Bereich 1000V ...
und 55 ns ... 150 ns

1200 V

Applications (Selected)

* Frequency converters for three-phase
drives

* Clocked power supplies for welding
equipment

* Uninterruptible power supplies

¢ High-power switched-mode power sup-
plies

¢ Automobile ignition systems

1.3 FRED Diodes

Fast Recovery Epitaxial Diodes

Fast power diodes for extremely fast
switches with soft recovery characteris-
tics.

Product range

* Diodes in the 1000 V to 1200 V range
and 55 ns to 150 ns

Bild 3
Schaltsymbol

Semiconductor Group

Figure 3
Graphical symbol
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Merkmale

* Superschneller Schalter

» Sanftes Abschaltverhalten

* Hohe Sperrspannung

* Geringe Speicherladung
(wenige Mikrocoulomb)

* Niedrige DurchlaBspannung

Einsatzmoglichkeiten (Auswahl)

* Wechselrichter

* Motorsteuerungen

¢ Unterbrechungsfreie Stromversorgun-
gen

* Frequenzumrichter fiir Drehstrom

* Getaktete Stromversorgungen

1.4 Chips

Siemens liefert auf Anfrage auch SIP-
MOS-Transistoren ohne Gehéause.

Semiconductor Group
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Features

¢ Super high-speed switches
e Soft recovery
* High reverse voltage
* Low storage charge
(a few microcoulombs)
¢ Low forward voltage

Applications (Selected)

* Inverters

* Motor control units

¢ Uninterruptible power supplies

» Static frequency changers for three-
phase current

¢ Clocked power supplies

1.4 Chips

Siemens supplies SIPMOS transistors on
request as an unpackaged chip.
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2 Technologie

2.1 SIPMOS-Leistungstransistoren

2.1.1 Aufbau und Ersatzschaltbild

SIPMOS-Leistungstransistoren sind verti-
kal aufgebaut und haben eine doppelt
implantierte Kanalstruktur, man spricht
daher auch von einem DIMOS-Prozef3
(vgl. Bild 4).

Bei einem N-Kanal-Transistor dient das
n*-Substrat als Trédger mit der darunter-
liegenden Drainmetallisierung. Uber dem
n*-Substrat schlieB3t sich eine n™-Epitaxie-
schicht an, die je nach Sperrspannung
verschieden dick und entsprechend
dotiert ist. Das darlberliegende Gate aus
n*-Polysilizium ist in isolierendes Silizi-
umdioxyd eingebettet und dient als
Implantationsmaske fir die p-Wanne
(Barrierregion) und fiir die n*-Source-
zone. Die Sourcemetallisierung Uber-
deckt die gesamte Struktur und schaltet
die einzelnen Transistorzellen des Chips
parallel.

Semiconductor Group
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2 Technology

2.1 SIPMOS Power Transistors

2.1.1 Structure and Equivalent Circuit
Diagram

SIPMOS power transistors are vertically
structured and have a double-implanted
channel structure. We thus also speak of
a DIMOS process (cf. Figure 4).

In the case of an N-channel transistor the
n* substrate serves as the carrier with the
drain plating below it. A n™ epitaxial layer,
of varying thickness and suitably doped
depending on the reverse voltage, fol-
lows over the n* substrate. The gate of n*
polysilicon above it is embedded in insu-
lating silicon dioxide and acts as an
implantation mask for the p-tub (barrier
region) and for the n* source region. The
source plating covers the entire structure
and connects individual transistor cells of
the chip in parallel.
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Electron

n+ Poly-Si

flow

Epitaxy
Substrate

Metal SIL00006

Bild 4
Aufbau eines N-Kanal-SIPMOS-
Transistors

Die Sourcemetallisierung bildet einen
sicheren KurzschluBB zwischen dem n*-
und p-Sourcegebiet (vgl. Bild 5). Dadurch
wird die Basis-Emitter-Strecke des parasi-
taren vertikalen n*pn-Bipolar-Transistors
kurzgeschlossen. Das ist notwendig, um
sein Einschalten bei dynamischen Vor-
géngen zu vermeiden. Selbst durch hohe
Spannungsteilheiten zwischen Drain und
Source, z.B. in der GrdBenordnung
>2x10* V/us werden die parasitaren
npn-Transistoren bei reinem Transistorbe-
trieb durch Stréme Uber die Drain-Source-
Kapazitdt nicht eingeschaltet. Dieser
Effekt muf3 allerdings dann beachtet wer-
den, wenn in der Inversdiode hohe Kom-
mutierungssteilheiten auftreten. Die Basis-
Kollektor-Diode (pn™-Ubergang) entspricht
dabei der SIPMOS-Inversdiode.

Semiconductor Group
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Figure 4
Structure of an N channel SIPMOS
Transistor

The source plating forms a reliable short-
circuit between the n* and p-source
region (cf. Figure5). This shorts the
base-emitter junction of the parasitic ver-
tical n*pn™ bipolar transistor. This is
essential in order to prevent the transistor
from turning on when subject to dynamic
processes. In the case of pure transistor
operation the parasitic npn-transistors
are not turned on by currents resulting
from the drain-source capacitance, not
even as a result of high rates of voltage
rise between the drain and source, e.g. of
the order of > 2x10* V/s. However,
attention should be paid to this effect if
high rates of commutation voltage rise
occur in the inverse diode. The base-col-
lector diode (pn~ junction) then corre-
sponds to the SIPMOS inverse diode.
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Ves

cs= FRg Si 0,

SRRl S

Short—circuit

[ et
P ..HH!!!!I!!!!H!' T1ﬁ] D
/ -
' Tl T
Parasitic / RD,j
npn bipolar
transistor ne
A0
1 siLoooo7
s
Bild 5 Figure 5
Parasitéarer Bipolar-Transistor im Parasitic bipolar transistor in the
Schnittbild eines N-Kanal-Transistors sectional drawing of an N channel
transistor
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% Cop== Cos== c
6 o - e BK T
l_
E
Cos == R q]
o SIL00008
S
Bild 6 Figure 6

Ersatzschaltbild mit parasitarem
Bipolar-Transistor

Der vertikale Transistoraufbau gewahrlei-
stet u.a. eine optimale Chipflaichen-Aus-
nutzung, garantiert eine gute Warmeab-
leitung und ermdglicht hohe Sperr-
spannungen. Durch die Doppelimplanta-
tion mit den extrem kurzen Kanallangen
sind sehr hohe Stromsteilheiten moglich.

Bei Leistungstransistoren erfolgt die Mon-
tage der Chips in die Gehause durch ein
speziell erprobtes Weichlot-Verfahren.
Das Kontaktieren der AnschluBdrahte auf
den Chips wird mittels Ultraschall erreicht.
Das Drahtmaterial ist ebenfalls — wie bei
der Chip-Metallisierung — Aluminium. Die
Drahtdicke wird durch den maximal zulds-
sigen Drainstrom bestimmt.

Semiconductor Group

Equivalent circuit diagram with
parasitic bipolar transistor

The vertical transistor structure guaran-
tees, inter alia, optimum utilization of the
chip area and good heat dissipation, as
well as allowing high reverse voltages.
Very high rates of current rise are possi-
ble as a result of the double implantation
with extremely short channel lengths.

With power transistors chips are mounted
in their packages by means of a specially
tested soft soldering method. The compo-
nent leads are bonded on the chips by an
ultrasonic method. As with the chip plat-
ing, the wire is likewise aluminum. The
wire gauge is determined by the maximum
permissible drain current.



SIEMENS

Technische Angaben
Technical Information

Ersatzschaltbild

Man geht davon aus, daf3 zwischen den
Anschlissen komplexe Leitwerte und
Bahnwiderstande auftreten. Dabei zeigen
die Leitwerte zwischen den Anschliissen
bei gesperrtem Transistor kapazitives Ver-
halten. Die Kapazitdten heien: Drain-
Source-Kapazitéat Cps, Gate-Source-Kapa-
zitdt Cgs und Gate-Drain-Kapazitat Cgp
(auch Miller-Kapazitat Cy). Der Gate-
Bahnwiderstand R in der Gré3enordnung
von einigen Ohm ist stark von der Chip-
geometrie abhangig. In der Drain-Source-
Strecke befindet sich im eingeschalteten
Zustand der Drain-Source-Widerstand
Roseny, der sich im wesentlichen aus der
Summe des n"-Epitaxieschicht-Widerstan-

dac 1nd dam Kanahuvidarctand
uco “D Uiy Uil nainianviuciowaniu nK

zusammensetzt (vgl. Bild 7).
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Equivalent Circuit Diagram

It is assumed that complex conductances
and bulk resistances occur between the
connections, the conductances exhibiting
capacitive behavior when the transistor is
reverse-biased. The capacitances are the
drain-source capacitance Cps, the gate-
source capacitance Cgs and the gate-
drain capacitance Cg, (also called Miller
capacitance Cy). The gate bulk resis-
tance R of the order of several ohms is
strongly dependent on chip geometry. At
the drain-source junction there is the
drain-source resistance Rpg,, at ON state
which consists essentially of the sum of
the n’-epitaxial layer resistance R, and
the channel resistance Rk (cf. Figure 7).
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Bild 7 Figure 7

Schnittbild eines N-Kanal-Transistors Sectional drawing of an N channel

mit dargesteliten Leitwerten des SIPMOS transistor showing the

Ersatzschaltbildes conductances of the equivalent circuit
diagram

Semiconductor Group 34
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Bei Niederspannungs-Transistoren
(Vos <100 V) dominiert der Kanalwider-
stand Ry, bei héher sperrenden Typen
(Vos > 100 V) ist es der Epitaxieschicht-
Widerstand R,. Damit gelangt man zu
den vereinfachten Ersatzschalitbildern 8
und 9. Bei den gezeigten Ersatzschaltbil-
dern handelt es sich um Naherungen, da
auf einem Chip bis zu 6000-Transistor-
Einzelzellen parallelgeschaltet sind. Man
hat es also mit verteilten Kapazitaten und
Bahnwiderstanden zu tun, und diese
andern sich (gréBtenteils) in Abhangig-
keit der Drain-Source-Spannung.

In low-voltage transistors (Vs < 100 V) the
channel resistance R« predominates,
whereas in higher blocking types
(Vos > 100 V) the epitaxial layer resistance
R, predominates. In this way we arrive at
the simplified equivalent circuit diagrams
shown in Figures 8 and 9. The equivalent
circuit diagrams in the figures are approxi-
mations, since up to 6000 transistor indi-
vidual cells are connected in parallel on a
chip. Distributed capacitances and bulk
resistances are therefore involved, and
these vary, for the most part, as a function
of drain-source voltage.

D D
o (Drain)
G
Ro L]
S
(Cw)
|t i
Go 1 | Cos =F /N Inverse diode
(Gate) Re 4
Cos == Ry []
l (Source) $IL00010
S
Bild 8 Figure 8

Schaltsymbol und Ersatzschaltbild
eines N-Kanal-SIPMOS-Transistors

Semiconductor Group

Graphical symbol and equivalent cir-
cuit diagram of an N channel SIPMOS
transistor
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O (Drain)

fol]

Cos == Ry

l__
<>——| |———’ Cne ==
(gafe) % ”

SZ Inverse diode

i (Source)
S

SIL00011

Bild 9
Schaltsymbol und Ersatzschaltbild
eines P-Kanal-SIPMOS-Transistor

Gravierende Auswirkungen auf das
Schaltverhalten hat die Spannungsab-
héngigkeit der Gate-Drain- bzw. Miller-
Kapazitat.

Bei einer vereinfachten Darstellung ergibt
sich bei Drain-Source-Spannungen kleiner
gleich der Gate-Source-Einsatzspannung
eine sprunghafte Erhéhung der Miller-
Kapazitdt um etwa den Faktor 10
(vgl. Bild 10). Tats&chlich setzt die Kapazi-
tatserhéhung schon etwas friher ein und
nimmt zur idealisierten Sprungstelle hin
exponentiell zu (vgl. Kurven im Datenblatt).

Die im Ersatzschaltbild angegebenen
Kapazitaten sind nicht einzeln mef3bar, sie

Semiconductor Group

Figure 9

Graphical symbol and equivalent cir-
cuit diagram of a P channel SIPMOS
transistor

Serious effects on switching response
are produced by the voltage dependence
of the gate-drain and Miller capacitances.

In a simplified representation the Miller
capacitance soars by a factor of approxi-
mately ten at drain-source voltages less
than or equal to the gate-source thresh-
old voltage (cf. Figure 10). In actual fact,
the increase in capacitance commences
somewhat earlier and rises exponentially
to the idealized point at which it soars
(cf. curves on data sheet).

The capacitances in the equivalent circuit
diagram cannot be measured individu-
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sind nur als verknupfte GroBen zu
betrachten (vgl. Bild 11). Zwischen ihnen
besteht unter Vernachlassigung der Bahn-
widersténde folgender Zusammenhang:

ally; they should be regarded as associ-
ated magnitudes (cf. Figure 11). Ignoring
the bulk resistances, they are interrelated
as follows:

Eingangskapazitat/Input capacitance

Riickwirkungskapazitidt/Reverse transfer capacitance C,, ~ Cqp

Ausgangskapazitat/Output capacitance

Dabei beziehen sich die tabellierten
Datenbuchangaben auf einen bestimm-
ten Arbeitspunkt.

Ciss ~ Cos + Cop
(Cap = CMi)
Coss ~ Cps + Cyyy

The details listed in the Data Book tables
relate to a certain operating point.

SIL00012

T los=5V

CMi CDS

0 5

10 15 20 25 30 35 40 V 50

- VDS

Bild 10
Spannungsabhéangigkeit Kapazitaten
des Ersatzschaltbildes
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Figure 10
Voltage dependence of equivalent
circuit diagram capacitances
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SIL00013

Ciss

Pt Coss

Crss

101 BUZ 338
¢ nF
10° A\
‘\
\
TS
\ —
N
\\
\
107!
1072
0 5 10 15

20 25 30 VvV 40

— s

Bild 11

Spannungsabhéangigkeit der verkniipf-
ten Kapazitaten

(Beispiel: BUZ 338 Parameter:

Ves =0V, f=1MHz)

2.1.2 Kennlinienfeld

Liegt an einem N-Kanal-Transistor positive
Drain-Source-Spannung bei Steuerspan-
nung Ves =0V, so flieBt ein temperatur-
und spannungsabhangiger Sperrstrom.
Dieser Sperrstrom-Grenzwert ist in den
Datenblattern  spezifiziet und betragt
typisch — bei 25 °C — wenige nA. Steigert
man die Gate-Source-Steuerspannung,
bleibt der Transistor gesperrt bis die Gate-
Source-Einsatzspannung  (Gate-Source-
Schwellenspannung) Vasih) erreicht ist.
Erhéht man die Steuerspannung Uber die
Einsatzspannung hinaus, nimmt der Drain-
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Figure 11

Voltage dependence of associated
capacitances

(example: BUZ 338; parameters:
Ves =0V, f=1 MHz2)

2.1.2 Family of Characteristics

If positive drain-source voltage is applied
to an N-channel transistor with a control
voltage Vgs=0 V, a temperature- and
voltage-dependent reverse current will
flow. The limiting value of this reverse
current is specified in the data sheets and
is typically a few nA at 25 °C. If the gate-
source control voltage is increased, the
transistor will remain reverse-biased until
the gate-source threshold voltage Vg is
reached. If the control voltage is raised
above the threshold voltage, the drain
current increases in accordance with the
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strom entsprechend der Transfer-Kennli-
nie zu (vgl. Ubertragungscharakteristik
Bild 12). Die Ubertragungssteitheit g, ist
nicht linear, sie liegt in einem Bereich zwi-
schen 1S und 30S und hangt von der
Chipflache, dem Design und von der max.
Sperrspannung Vpgs des Transistors ab
(vgl. Datenblatt).

transfer characteristic (cf. Figure 12).
The transconductance g, is non-linear,
lying in a range between 1 S and 30 S,
and depends on the chip area, design
and maximum reverse voltage Vpgs Of the
transistor (cf. data sheet).

1
1

Der Schnittpunkt der Ubertragungskenn-
linie im kalten und warmen Zustand
(vgl. Bild 12) bewirkt eine thermische
Eigenstabilitat bei hohen Stromen (kein
Second Breakdown).

Die Gate-Source-Schwellenspannung
Vasan liegt bei Leistungs-MOSFET zwi-
schen 2,1V ... 4,0V (bei I, =1 mA) und
hat einen negativen Temperaturkoeffi-
zienten von ca. 5 mV/K
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The intersection of the transfer character-
istic in the cold and warm states
(cf. Figure 12) causes a thermal inherent
stability at high currents (no second break-
down).

With power MOSFETs the gate-source
threshold voltage Vgsu is between 2.1
and 4.0 V (when I, =1 mA) and has a
negative temperature coefficient of
approximately -5 mV/K.
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Bild 12

Typische Ubertragungscharakteristik
(Beispiel: BUZ 338, Parameter: 80-us-
Pulstest, Vs =25V, ;=25 °C und 150 °C)

Bei einer Gate-Spannung unterhalb der
Einsatzspannung ist der Transistor
gesperrt. Eine negative Gate-Source-
Spannung erhéht die Sperrfahigkeit nicht,
d.h. daB mit Steuerspannungen einer
Polaritdit das gesamte Kennlinienfeld
durchfahren werden kann.

Der Maximalwert der Gate-Source-Span-
nung betragt £ 20 V, bei Logik Level-
Transistoren + 10 V, und ist durch die
Oxyddicke begrenzt. Dieser Wert darf
nicht, auch nicht kurzfristig, Gberschritten
werden, da sonst eine Beschadigung auf-
treten kann, und der Transistor dann
nicht mehr steuerbar ist.

Semiconductor Group

Figure 12

Typical transfer characteristic

(example: BUZ 338, parameters: 80 us
pulse test, Vs =25 V, T, =25 °C and 150 °C)

The transistor is reverse-biased in the
case of a gate voltage lower than the
threshold voltage. A negative gate-
source voltage does not increase the
blocking ability, i.e the entire family of
characteristics can be obtained with con-
trol voltages of one polarity.

The maximum value of the gate-source
voltage is = 20 V and with logic level tran-
sistors it is £10V; it is limited by the
thickness of the oxide. This value must
not be exceeded, not even briefly, since
damage may otherwise occur and the
transistor can then no longer be con-
trolled.
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MiBt man den Drainstrom in Abh&angigkeit
der Drain-Source-Spannung mit dem
Parameter Gate-Source-Steuerspannung,
so erhdlt man das Ausgangskennlinien-
feld (vgl. Bild 13).

Im "Ein-Zustand" verhélt sich der Transi-
stor wie ein ohmscher Widerstand, d.h. es
kdnnen auch negative Drainstrdme flie-
Ben: Im lll. Quadranten des Kennlinienfel-
des tritt natirlich nur soweit ein onmsches
Verhalten auf, wie die Schwellenspannung
der Inversdiode noch nicht Gberschritten
ist (vgl. Bild 14). Dieses Verhalten ist
besonders dann wichtig, wenn Gleichrich-
terschaltungen mit extrem niedrigen
DurchlaBspannungen realisiert werden
sollen oder wenn die Inversdioden-Sperr-
verzégerungszeit durch das Aufsteuern
des Transistors verkirzt werden muf3.
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If the drain current is measured as a func-
tion of the drain-source voltage with the
gate-source control voltage as a parame-
ter, we obtain the family of output charac-
teristics (cf. Figure 13).

At ON state the transistor behaves in the
same way as an ohmic resistance, i.e.
negative drain currents can also flow. In
the third quadrant of the family of charac-
teristics an ohmic behavior does, of
course, occur only to such an extent as the
threshold voltage of the inverse diode has
not yet been exceeded (cf. Figure 14).
This behavior is particularly important if
rectifier circuits having extremely low for-
ward-biased state voltages are to be
implemented or if the inverse diode
reverse recovery time is to be shortened
by biasing the transistor.
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Typ. Ausgangscharakteristik
(Beispiel: BUZ 338, Parameter: 80-1s-

Pulstest, 7 = 25 °C)
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Figure 13

Typical output characteristic
(example: BUZ 338, parameters: 80 us
pulse test, T, =25 °C)
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Bild 14 Figure 14

Ausgangscharakteristik mit Invers-
dioden-Verhalten
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Output characteristic with inverse
diode behavior
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2.1.3 Schaltvorgdnge

SIPMOS-Transistoren sind spannungs-
gesteuert und bendtigen daher im statio-
néren Betriebszustand keine Steuerlei-
stung. Bei jeder Betriebszustandsande-
rung entstehen jedoch Umladestrdme der
Eingangskapazitdten. Waéahrend diese
Stréme im NF-Bereich (Analogbetrieb)
kaum von Bedeutung sind, miissen sie
bei HF-Anwendungen im Schaltbetrieb
beachtet werden. Da SIPMOS-Transisto-
ren vornehmlich als Schalter eingesetzt
werden, wird das Schaltverhalten beson-
ders erlautert. Die Schaltzeit eines SIP-
MOS-Transistors wird nur durch das
Umladen der Eingangs- und Millerkapazi-
tat sowie von dem inneren Gatebahnwi-
derstand bestimmt. Durch die freie Wahl
des Innenwiderstandes R, der Ansteuer-
schaltung 1aBt sich die Schaltzeit in einem
weiten Bereich einstellen. Die Grenze fiir
einen hochohmigen Innenwiderstand ist
infolge erhéht auftretender Schaltverluste
durch die thermische Belastbarkeit gege-
ben. Bei einer niederohmigen Ansteuer-
schaltung ergibt sich eine Begrenzung
des Umladestroms der Kapazitaten durch
den Gate-Bahnwiderstand und der Induk-
tivitat des Steuerkreises.

Schalten bei ohmscher Last

Zum Einsatz kommt ein Ansteuergenera-
tor mit definiertem Innenwiderstand R, der
eine Rechteckausgangsspannung liefert
(vgl. MeBschaltung fiir Schaltzeiten).

Einschaltvorgang

Zum Zeitpunkt 1, wird der Transistor ange-
steuert (vgl. Bild 15). Die Gate-Source-

Semiconductor Group

2.1.3 Switching Operations

SIPMOS transistors are voltage-con-
trolled and therefore require no gate
power in the steady operating state. Each
change in operating state, however,
causes charge-reversal currents of the
input capacitances. While hardly signifi-
cant in the VF range (analog operation),
the currents must not be ignored in the
case of RF applications in switching oper-
ations. Since SIPMOS transistors are pri-
marily used as switches, their switching
response will be described in detail. The
switching time of a SIPMOS transistor is
determined only by charge reversal of the
input and Miller capacitances, and by the
internal gate bulk resistance. The switch-
ing time can be set over a wide range by
freely selecting the internal resistance R
of the drive circuit. The limit for a high
internal resistance is set by the thermal
load rating owing to the occurrence of
higher switching losses. With a low-resis-
tance drive circuit the charge-reversal
current of the capacitances is limited by
the gate bulk resistance and the induc-
tance of the control circuit.

Switching with Resistive Load

A control generator of defined internal
resistance R, is used for supplying a
square-wave output voltage (cf. test cir-
cuit for switching times).

Turn-On

The transistor is triggered at z, (cf.
Figure 15). The gate-source voltage Vgg
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Spannung Vs steigt entsprechend dem
Ladevorgang, der durch die Eingangska-
pazitat C,, und den Innenwiderstand R, der
Steuerschaltung entsteht.

Sobald die Einsatzspannung im Zeitpunkt
t, erreicht ist, beginnt der Transistor Strom
zu fuhren. Die Drain-Source-Spannung
Vos Sinkt entsprechend dem zunehmen-
den Spannungsabfall am Lastwiderstand.

rises in accordance with the charging
process resulting from the input capaci-
tance C,, and the internal resistance R, of
the control circuit.

As soon as the threshold voltage is
reached at r,, the transistor starts con-
ducting current. The drain-source voltage
Vps falls in accordance with the increas-
ing voltage drop at the load resistor.

0

Bild 15
Schaltvorgang bei ohmscher Last

Im Zeitabschnitt ¢, bis z, steigt der Drain-
strom I,. Dabei wird die zu diesem Zeit-
punkt kleine Miller-Kapazitdt mit dem
Drain-Source-Spannungshub  entladen,
und gleichzeitig nimmt die Gate-Source-
Spannung Vs entsprechend der Transfer-
Kennlinie zu (vgl. Bild 12). Im Zeitpunkt #,
ist die Drain-Source-Spannung V;s gleich
der Gate-Source-Spannung Vgs. Nun wirkt
die stark erhdhte Miller-Kapazitat. Im Zeit-
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Figure 15
Switching operation with resistive load

The drain current I, rises between ¢, and
t,. The currently low Miller capacitance is
discharged with the drain-source voltage
excursion and the gate-source voltage Vs
rises simultaneously in accordance with
the transfer characteristic (cf. Figure 12).
The drain-source voltage Vps equals the
gate-source voltage Vgs at 7,. The Miller
capacitance, now far higher, then takes
effect. The transistor operates as a Miller
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abschnitt z, bis ¢, arbeitet der Transistor als
Miller-Integrator, d.h. die Gate-Source-
Spannung bleibt konstant, wahrend der
Gate-Ladestrom Uiber die Miller-Kapazitat
flieBt und zu einer weiteren Drain-Source-
Spannungsabsenkung flihrt.

Im Zeitpunkt z, hat die Drain-Source-Span-
nung das Bereichsende des Ausgangs-
Kennlinienfeldes und die Miller-Kapazitat
ihren gréBten Wert erreicht. Im Verlauf 1,
bis 7z, wird die Eingangskapazitit C,, auf
das Niveau der angelegten Steuerspan-
nung geladen. Dabei verringert sich der
Kanalwiderstand weiter. Dies ist im Kennli-
nienfeld an der Kurvenscharscherung im
ohmschen Bereich zu erkennen.

Im Zeitpunkt z, hat der Transistor seinen
niedrigsten  DurchlaBwiderstand  (Ein-
schaltwiderstand Rpgn erreicht (entspricht
der Drain-Source-Restspannung dividiert
durch den Drainstrom).

Abschaltvorgang

Der Abschaltvorgang wird im Zeitpunkt ¢
durch das Ausschalten der Steuerspan-
nung eingeleitet. Die zu diesem Zeitpunkt
héchste Eingangskapazitat C. entladt
sich Uber den Innenwiderstand R, des
Ansteuergenerators. Die  Gate-Source-
Spannung sinkt auf einen Wert, bei dem
der momentane Drainstrom gerade noch
im ohmschen Bereich des Kennlinienfel-
des gehalten werden kann.

Dies ist im Zeitpunkt ¢, erreicht, wobei der
DurchlaBwiderstand  geringfligig zuge-
nommen hat.

Im Zeitabschnitt ¢ bis #, wirkt der Transi-
stor wiederum als Miller-Integrator, d.h.

Semiconductor Group

integrator between ¢, and 1, i.e. the gate-
source voltage remains constant while the
gate charging current flows across the
Miller capacitance and results in a further
drop in drain-source voltage.

At 1, the drain-source voltage has reached
the end of the range of the family of char-
acteristics, and the Miller capacitance has
reached its highest value. The input
capacitance C, is charged to the level of
the applied control voltage between ¢, and
t,. The channel resistance is reduced fur-
ther. This can be seen in the family of
characteristics at the shear of the family of
curves in the ohmic region.

The transistor has reached its lowest for-
ward resistance (ON resistance Ry at 1,
(corresponding to the drain-source satura-
tion voltage divided by the drain current).

Turn-Off

Turn-off is initiated at #; by switching off the
control voltage. The input capacitance Ci.,
which is at its highest at this point in time,
is discharged via the internal resistance R
of the drive generator. The gate-source
voltage falls to a value at which the instan-
taneous drain current can just be main-
tained in the ohmic region of the family of
characteristics.

This is achieved at ¢, the forward resis-
tance having increased slightly.

Between 7, and ¢, the transistor again acts
as a Miller integrator, i.e. the gate-source
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die Gate-Source-Spannung bleibt kon-
stant, wahrend der Gate-Steuerstrom voll-
standig Uber die noch immer erhéhte Mil-
ler-Kapazitat flieBt und zu einem Drain-
Source-Spannungsanstieg fihrt. Im Zeit-
punkt 7 herrscht Spannungsgleichheit zwi-
schen der momentanen Gate-Source-
Spannung und der Drain-Source-Span-
nung, d.h. die Miller-Kapazitat sinkt auf
einen kleinen Wert.

Im Zeitabschnitt ¢, bis 1, erfolgt die
Ladung der nun kleineren Miller-Kapazi-
tat entsprechend der rasch ansteigen-
den Drain-Source-Spannung. Gleichzei-
tig nimmt der Drainstrom entsprechend
dem sinkenden Spannungsabfall am
Lastwiderstand ab, ebenso die Gate-
Source-Spannung.

Im Zeitpunkt z; ist die Einsatzspannung
erreicht und der Transistor vollstandig
gesperrt. Danach folgt die Entladung der
Eingangskapazitdt auf das Steuerspan-
nungsniveau im Zeitabschnitt 7, bis 1.

2.1.4 Sicherer Arbeitsbereich (SOA)

Safe Operating Area

Der SIPMOS-Transistor ist aufgrund sei-
ner Technologie ein Uberaus robustes
Bauelement. Die Zellenstruktur bewirkt
eine vorteilhafte Verlustwarmeverteilung
im Chip; der positive Temperaturkoeffi-
zient aller an der Stromfiihrung beteilig-
ten Bereiche sorgt fir eine Eigenstabili-
sierung. Die Source-Metallisierung bildet
einen sicheren Kurzschluf3 fur die Basis-
Emitter-Strecke des im Transistor enthal-
tenen parasitdren Bipolar-Transistors.
Auf diese Weise wird ein Aufsteuern die-
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voltage remains constant while the gate
control current flows completely across
the Miller capacitance, which is still high,
and results in a rise in the drain-source
voltage. The instantaneous gate-source
voltage and the drain-source voltage are
at equilibrium at #, i.e. the Miller capaci-
tance falls to a low value.

Between r, and 1, the Miller capacitance,
now lower, is charged in accordance with
the rapidly rising drain-source voltage. At
the same time the drain current falls at
the load resistor in accordance with
declining voltage drop, and the gate-
source voltage likewise.

The threshold voltage is reached at i,
and the transistor is completely reverse-
biased. This is followed by discharging of
the input capacitance to control voltage
level between 1z and 1.

2.1.4 Safe Operating Area (SOA)

Safe Operating Area

By virtue of its technology, the SIPMOS
transistor is an extremely robust device.
Its cellular structure ensures advanta-
geous dissipation-heat distribution over
the chip; the positive temperature coeffi-
cient of all current-conducting areas
ensures inherent stabilization. The source
plating forms a reliable short-circuit for the
base-emitter junction of the parasitic
bipolar transistor contained in the transis-
tor. In this way biasing of this bipolar tran-
sistor, with the possible consequence of
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ses Bipolar-Transistors mit der méglichen
Folge eines zweiten Durchbruchs in allen
Betriebsféllen verhindert (Ausnahme: bei
zu hohen Kommutierungssteilheiten des
Inversdiodenstroms).

Besonders erwdhnenswert ist die hohe
Strombelastbarkeit eines SIPMOS-Tran-
sistors. So ist z.B. ein gepulster Drain-
strom in vierfacher Héhe zulassig (bezo-
gen auf den zulassigen DC-Drainstrom).

Kurzzeitig darf dieser Pulsdrainstrom
sogar bei maximaler Sperrspannung
gefuhrt werden (vgl. Bild 16). Dabei darf
die Sperrspannung jedoch nicht, auch
nicht kurzzeitig, Uberschritten werden.
Neben den im Datenblatt angegebenen
Grenzwerten fir die Draingleichstrom ist
der gesamte thermische Widerstand
Ruya (Chip-Umgebung) mafBgebend fir
den zuldssigen Drainstrom im Betrieb.
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second breakdown in all operating cases,
is prevented. (An exception to this occurs
at high rates of commutation current rise
of the inverse diode current.)

Particular mention should be made of the
high current-carrying capacity of a SIP-
MOS transistor. A fourfold pulsed drain
current (relative to the permissible DC
drain current) is permissible, for example.

In the short term this pulsed drain current

can even be conducted at maximum
reverse voltage (cf. Figure 16). In this
case the reverse voltage must not be
exceeded, not even briefly. Apart from
the maximum ratings for the DC drain
current shown in the data sheet, the total
thermal resistance Ry (chip to ambient
air) is decisive for the drain current per-
missible in operation.
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Bild 16

Sicherer Arbeitsbereich
(Beispiel: BUZ 338,

Parameter: D = 0,01, T, = 25 °C)

2.1.5 Inversdiode

Bedingt durch den Transistoraufbau flieBt
bei negativer Drain-Source-Spannung
ein Strom (iber den pn-Ubergang von
Source zu Drain. Diese Diodenfunktion
ist ein integraler Bestandteil und wird in
den Datenbléattern spezifiziert. Die Durch-
laBspannung der Inversdiode betragt 1 ...
1,5 V. Die Sperrverzdgerungszeit ist typab-
hangig und betragt bei 50-V-Typen ca.
150 ns und steigt mit hoéher werdender
Transistor-Sperrspannung bis ca. 1800 ns
an.

Beim Einsatz in Halb- oder Vollbrlicken-
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Figure 16

Safe operating area

(example: BUZ 338,

parameters: D = 0.01, T = 25 °C)

2.1.5 Inverse Diode

The transistor structure causes a current
to flow across the pn-junction from
source to drain with negative drain-
source voltage. This diode function is an
integral component and is specified in the
data sheets. The forward voltage of the
inverse diode is 1 to 1.5 V. The reverse
recovery time depends on the type con-
cerned, and for 50 V types it is approxi-
mately 150 ns, rising to about 1800 ns with
increasing reverse voltage of the transistor.

When used in half-bridge or full-bridge
circuits with an inductive load, it is advis-
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schaltungen mit induktiver Last liegt es
nahe, die vorhandene Inversdiode als
Freilaufdiode zu verwenden. Das kann
bei Sperrspannungen > 200 V auf Grund
der relativ hohen Sperrverzégerungszei-
ten wéhrend der Kommutierung zu Pro-
blemen flhren. Erfolgt die Kommutierung
zu schnell (groBes di/dr) kann es bei
Standard-Transistoren zum Einschalten
des parasitéren Bipolar-Transistors und
damit zur Zerstérung des MOSFET kom-
men.

FREDFET

Fast-Recovery-Epitaxial-Dioden-Feldeffekt-
Transistor

Um das Projektieren zu vereinfachen,
wurde der FREDFET entwickelt. Bild 17
zeigt eine Halbbrickenschaltung. Mit
FREDFET ist diese Schaltung ohne
zusétzliche Schutzbauelemente voll funk-
tionsfahig. Durch eine Schwermetalldotie-
rung werden der FET-Inversdiode FRED-
Eigenschaften gegeben, ohne andere
Parameter des Transistors zu beeinflus-
sen.

Durch die superschnelle Inversdiode wird
die Ruckstromladung um GréBenordnun-
gen reduziert. Damit verringert sich die
maximale Ruickstromspitze von i, wah-
rend der Kommutierung entsprechend
(vgl. Bild 18). Das Einschalten des para-
sitdren Bipolar-Transistors kann somit
nicht mehr auftreten und gleichzeitig wird
ein Uberlasten von T, verhindert.
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able to use the integrated inverse diode
as a free-wheeling diode. At reverse volt-
ages above 200 V this may result in prob-
lems during commutation due to the rela-
tively high reverse recovery times. If
commutation is performed too quickly
(high dig/dz), it might result in the parasitic
bipolar transistor being turned on, and
thus in the MOSFET being destroyed, in
the case of standard transistors.

FREDFET

Fast Recovery Epitaxial Diode Field-
Effect Transistor

The FREDFET was developed to simplify
designing. Figure 17 shows a half-bridge
circuit. With FREDFET this circuit is fully
capable of functioning without additional
protective devices. Heavy-metal doping
provides the FET inverse diode with

FRED characteristics without other
parameters of the transistor being
affected.

The super-high-speed inverse diode
reduces reverse current charging by sev-
eral orders of magnitude. Consequently
the maximum reverse current peak of i,is
decreased accordingly during commuta-
tion (cf. Figure 18). Turn-on of the para-
sitic bipolar transistor can thus not recur,
and overloading of 7, is prevented at the
same time.
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briicke a half bridge

Semiconductor Group 51



SIEMENS

Technische Angaben
Technical Information

BUZ 45/384

SIL00021

=)

Uz 384 J

BUZ 45

\-\\

| -20 /

l -25

i “Tioons e

| I R N S 1
Bild 18 Figure 18

Riickstromverlauf FREDFET BUZ 384
verglichen mit einem BUZ 45
(Standard), di/ds = 100 A/us

2.1.6 Durchbruchfestigkeit
(Avalanchefestigkeit)

Ein Maf fir die Robustheit von MOSFET
ist die Uberspannungsfestigkeit. Durch die
unvermeidlichen parasitaren Induktivitaten
L,, die sich in einem auch sehr sorgfélti-
gen Schaltungsaufbau befinden, kommt
es beim Abschalten von Transistoren zum
Auftreten von Uberspannung.

SIPMOS Leistungstransistoren sind mit
wenigen Ausnahmen avalanchefest. Man
erkennt die Avalanchefestigkeit an dem
Balken des Bauteilstempelbildes Uber
dem Herstellercode, z.B. V245.
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Reverse current curve of the FRED-
FET BUZ 384 compared with a BUZ 45
(standard), di/dr = 100 A/us

2.1.6 Breakdown Strength
(Avalanche Resistance)

A criterion for the robustness of MOS-
FETs is their surge strength. Owing to the
inevitable parasitic inductances L, which
occur even in very carefully designed cir-
cuits, an overvoltage is caused whenever
transistors are turned off.

SIPMOS power transistors are, with a
few exceptions, avalanche resistent. Ava-
lanche resistance is identified by the bar
shown on the module symbol that is
placed above the manufacturer code,
e.g. V245.
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Bedingt durch die kurzen Schaltzeiten von
MOSFET wird das beim Schalten hoher
Strome besonders kritisch, denn die beim
Abschalten auftretenden Spannungsspit-
zen kénnen die Durchbruchsspannung
Veross) des Transistors Uberschreiten.

Der Transistor geht dabei in den Durch-
bruch (Avalanche). Das wird verhindert
durch ein sorgféltiges Transistordesign,
das die parasitare, bipolare Struktur am
Einschalten hindert und damit den Tran-
sistor zerstort.

Alle avalanche spezifizierten Transisto-
ren werden einem 100-%-Durchbruchtest
unterzogen. Bild 19 zeigt das Prinzip-
schaltbild der Testschaltung. Der Prifling
befindet sich in Serie mit einer unge-
klemmten Induktivitat L, und nachdem er
eingeschaltet wird, steigt der Strom linear
an, bis er seinen spezifizierten Nenn-
strom erreicht hat.

Wenn der Transistor abgeschaltet wird,
bildet sich Uber dem Prifling — abhéngig
von der Induktivitat — eine Drain-Source-
Spannung aus, die auf die Durchbruch-
spannung  Vgrpssy des Bauelements
begrenzt wird. Dabei wird im Bauteil die
Energie E,, die in der Spule gespeichert
ist, und ein Anteil aus der Spannungs-
quelle umgesetzt.

V = L, x difdt |

As a result of the very short switching
times of MOSFETSs, this becomes particu-
larly critical upon switching high currents
since the glitches occurring upon turn-off
may exceed the breakdown voltage
Varpss) Of the transistor.

The transistor then breaks down (ava-
lanche). This is prevented by careful tran-
sistor design, which keeps the parasitic
bipolar structure from turning on and thus
not destroing the transistor.

All avalanche specify transistors are sub-
jected to a 100 % breakdown test.
Figure 19 illustrates the basic circuit dia-
gram of the test circuit. The device under
test is in series with an unclamped induc-
tance L, and once it has been turned on,
the current rises linearly until it reaches its
specified rated current.

When the transistor is turned off, a drain-
source voltage is formed, depending on
the inductance, over the device under
test, being limited to the breakdown volt-
age Varpss) Of the device. In this case the
energy E, stored in the coil is converted
in the device together with part of the
source voltage.

} Ex=1/2 L x Ip? X VBR(DSS)/ (Verpss) = Vo)

I
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Yer(oss)

Bild 19
Schaltung zur Messung der
Durchbruchfestigkeit

Die Energie, die im Transistor umgesetzt
werden kann, ist durch die maximal zulas-
sige Chiptemperatur T; begrenzt. Bild 20
zeigt die maximal zuldssige Durchbruch-
energie in Abhangigkeit von der Chiptem-
peratur.

In der Anwendung muf bericksichtigt wer-
den, daB die im Durchbruch verursachten
Verluste zusatzlich zu den Schaltverlusten
und DurchlaBverlusten auftreten.

Figure 19
Circuit for measuring breakdown
strength

The energy that can be converted in the
transistor is limited by the maximum permis-
sible chip temperature T;. Figure 20 shows
the maximum permissible breakdown
energy as a function of chip temperature.

In practice, account must be taken of the
fact that losses caused by breakdown occur
in addition to switching losses and forward
power losses.

Piot=Pgy, + Pe + Py,
Py,=E,Xf

Deshalb muf3 das Ziel einer sorgfaltigen
Schaltungsauslegung immer in einer Mini-
mierung der parasitéren Induktivitdt liegen
und damit in einer Reduzierung der
dadurch entstehenden Durchbruchverluste.

Semiconductor Group

For this reason the objective of careful cir-
cuit design must always be a minimization
of parasitic inductance, and consequently a
reduction of the resulting breakdown losses.
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Nutzen Benefits

Keine Ausfalle durch transiente Uber- * No failures due to transient overvolt-

spannungen innerhalb der spezifizier- ages within the specified ranges
ten Daten.

e Die Beschaltung gegen Spannungs- * Protective circuitry against glitches
spitzen, verursacht durch Streuindukti- caused by stray inductances is not
vitaten, kann entfallen. required

 Eine spannungsméBige Uberdimensio- ¢ Overdimensioning of the transistors
nierung der Transistoren ist nicht not- with respect to voltage is not necessary
wendig.

1000 BUZ 338 SIL00023
Exs md K\
m \\
T 800
700
600 \
500 B \\
400
300 \ Parameters:
Ib=135A
200 N Res =25Q
100 Vop =50V
. ’ N ’ L=9.09 mH
20 40 60 80 100 120 140°C160

Bild 20 Figure 20

Avalanche Energie E,s = f (T}) Avalanche energy

(Beispiel: BUZ 338) Ens =f (T;) (example: BUZ 338)
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2.2 IGBT-Transistoren

Im wesentlichen ist der IGBT-Transistor
ein modifizierter SIPMOS. Wie im Bild 4
dargestellt, ist der MOSFET auf einem
N*N"-Substrat aufgebaut. Der IGBT (vgl.
Bild 21) dagegen hat ein homogenes
Substrat mit einem speziell ausgebildeten
PN-Ubergang auf der Riickseite. Dieser
PN-Ubergang bewirkt im eingeschalteten
Zustand die Reduzierung der DurchlaB-
spannung durch Ladungstragerinjektion.

2.2 IGBT Transistors

The IGBT is basically a modified SIP-
MOS transistor. As Figure 4 shows, the
MOSFET is designed as an n*n" sub-
strate. An IGBT (cf. Figure 21), on the
other hand, has a homogeneous sub-
strate with a specially formed pn junction
on the rear. This pn junction causes the
conducting-state voltage to be reduced
on account of charge-carrier injection at
ON state.

Emitter

)

flow

Collector

n+ Poly-Si

SIL00046

Bild 21
Aufbau eines N-Kanal-IGBT-Transistors

Semiconductor Group
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Figure 21
Design of an N channel IGBT transistor
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Schaltverhalten

Das Schaltverhalten eines SIPMOS bzw.
eines IGBT unterscheidet sich hauptsach-
lich durch den Spannungsabfall im einge-
schalteten Zustand und durch den Tail-
strom beim Abschalten des IGBT, wie dies
im Bild 22 dargestellt ist.

Switching response

The switching response of a SIPMOS dif-
fers from that of an IGBT mainly by the
voltage drop at ON state and by what is
called the tail current of an IGBT upon
turn-off, as shown in Figure 22.

Turn-on behavior Turn—off behavior

e Ie.Ve Ve

A ‘r L

Ie
————— —\ L
\
\ \
\ \
IGBT -\~ FET FET-\\-IGBT
\ \
\
\ Viest Fer \\ je—tail —>
\ \
— e — Y \
\
\
\
— f \ { » f
Tt o
Vres’ 68T
Bild 22 Figure 22

Typ. Schaltverhalten FET/IGBT

In der Praxis missen bei héheren Taktfre-
quenzen die Tailverluste bericksichtigt
werden missen. Das ist der Preis flr die
deutlich geringere Séttigungsspannung
des IGBT gegeniiber des MOSFET. Der
Tailstrom ist nahezu temperaturunabhan-
gig. Der Strom- und Spannungsverlauf
verandern sich nicht mit der Temperatur.

Semiconductor Group 57

Typical FET/IGBT switching waveforms

In practical terms it means that tail losses
have to be taken into account at higher
switching frequencies. This is the price
for the substantially smaller saturation
voltage of an IGBT compared to a MOS-
FET. The tail current is virtually tempera-
ture-dependent. The current and voltage
curves do not vary with temperature.
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KurzschluBfestigkeit

Beim KurzschluB3 stellt sich der maximale
Kollektorstrom durch die Transistorcha-
rakteristik und die Steuerspannung ein.
Die Steilheit des Transistors ist so vorge-
geben, dal3 bei der vollen Steuerspan-
nung (+15 V) der KurzschluB im sicheren
Bereich liegt. Der Transistor begrenzt
den KurzschluBstrom. Wahrend der
KurzschluBzeit nimmt der Strom wegen
der Erwarmung des IGBT ab.

Short-Circuit Strength

When a short-circuit occurs, the maxi-
mum collector current is determined by
the transistor characteristic and the con-
trol voltage. The mutual admittance of the
transistor is predefined in such a manner
that the short-circuit is in the safe range
at full control voltage g (+15 V). The tran-
sistor limits the short-circuit current. For
the duration of the short-circuit, the cur-
rent falls on account of the IGBT temper-
ature rise.

SI1L00068 1600

\ Vee

v,
L 1200 T

800

80

40

—
I \
400

40

-400

0 5 10

15 /s 20

e f

Bild 23
IGBT-KurzschluBfestigkeit
(Beispiel: BUP 307)
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Figure 23
IGBT-short-circuit strength
(Example: BUP 307)
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Latch-up-Festigkeit

Wie das Ersatzschaltbild 24 zeigt, bilden
der PNP-Transistor und der parasitare NPN-
Transistor eine Thyristorstruktur. Bei hohem
Strom und hoher Abschaltgeschwindigkeit
(di/dr) kann die Thyristorstruktur einrasten,
der IGBT verliert seine Steuerbarkeit. Durch
die beim Siemens IGBT gewahlte Technolo-
gie wurde der Latch-up-Effekt eliminiert.
Selbst bei Uberstrom, Kurzschlu und
extrem schnellem Schalten bleibt die Steu-
erbarkeit Uber den ganzen Temperaturbe-
reich erhalten.

Latch-Up Strength

As shown in the equivalent circuit dia-
gram (cf. Figure 24), the PNP transistor
and the parasitic NPN transistor form a
thyristor structure. The thyristor structure
can latch up at high current and high turn-
off rate (di’df), and the IGBT becomes
uncontrollable. The technology selected
for the Siemens IGBT has resulted in the
latch-up effect being eliminated. Control-
lability is maintained over the whole tem-
perature range even in the event of an
overcurrent, a short-circuit or extremely
rapid switching.

Gqfe
Emitter %/ Al
Si 0,
t i
TR o T
n-
)
Collector
Bild 24 Figure 24

Schnittbild eines N-Kanal-IGBT mit
dargestelltem Ersatzschaltbild
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Sectional drawing of an N channel
IGBT with equivalent circuit diagram
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IGBT-Schaltverhalten

IGBT switching behaviour

- -

Vee R
’ 1mH 7
b ™
ake f@ Olw
- |

SIS00033

Bild 25
Schaltzeitmessung

2.3 FRED-Dioden

Dieser Diodentyp wurde speziell fir
Anwendungen als Freilaufdiode in indukti-
ven Lastkreisen mit superschnellen Schal-
tern entwickelt. Méglichst geringe Schalt-
und DurchlaBverluste sowie ein sanftes
Abschaltverhalten sind die besonderen
Anforderungen die hier gestellt sind. Die
den gewinschten Eigenschaften
zugrunde liegenden Dioden-Parameter,
wie DurchlaBspannung, Ladungstragerle-
bensdauer und Sperrspannung, sind prin-
zipiell miteinander verknipft. Fir die
Dioden-Herstellung werden Epitaxial-Sili-

Semiconductor Group
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Figure 25

Measurement of switching times

2.3 FRED Diodes

This type of diode has been developed
specifically for free-wheeling diode appli-
cations in inductive load circuits with
super-high-speed switches. The particu-
lar specifications for these diodes were
minimum  dissipation and switching
losses, combined with soft recovery. In
principle, the diode parameters, such as
forward voltage, carrier lifetime and
reverse voltage, that are based on the
desired characteristics are interlinked.
They are manufactured from epitaxial sili-
con wafers. In this way a relatively thin
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ziumscheiben verwendet. Damit a3t sich
ein vergleichweise dunnes Mittelgebiet mit
gewilnschtem Dotierungsprofil realisieren
und die Diodenparameter kdnnen optimal
fur die Freilaufanwendungen abgestimmt
werden. Nachfolgend werden die Begriffe,
die das Kommutierungsverhalten einer
Freilaufdiode charakterisieren, anhand
einer Strom- und Spannungsfunktions-
Darstellung wahrend der Kommutierung
bei Chopperbetrieb erlautert (vgl. Bild 26).

Speicherladung Q,,

Die Speicherladung ist die Menge der
gespeicherten Ladungstrager, die nach
dem Nulldurchgang des abkommutierten
Freilaufstroms aus der Diode in Sperrich-
tung abflie3t. Die Ladung setzt sich zusam-
men aus der Nachlaufladung Qs und der
Restladung @y die im wesentlichen die
Schaltverluste der Diode erzeugen. Der
Grad der Ladungstrégerspeicherung kann
durch Einbau von Rekombinationszentren
in die Diodenstruktur eingestellt werden,
wobei bertcksichtigt werden muf3, daf3 ein
Vermindern der Speicherladung, d.h. ein
Reduzieren der Ladungstrager-Lebens-
dauer mit einer Erhéhung der Durchla3ver-
luste verbunden ist. Die im Betriebsfall aus
einer Freilaufdiode jeweils abzufiihrende
Speicherladung steigt mit der Hbéhe von
DurchlaBstrom I, Strom-Abkommutierungs-
steilheit (di/dr) Junction-Temperatur 7; und
Betriebsspannung Vs.

central region can be created with the
desired doping profile, and optimum tun-
ing of the diode parameters for free-
wheeling diode applications is possible.
An explanation is given below of the
terms that characterize the commutation
behaviour of a free-wheeling diode using
a functional representation of current and
voltage during commutation in chopper
operation (cf. Figure 26).

Reverse Recovery Q,,

The reverse recovery charge is the quan-
tity of stored charge carriers that is dis-
charged from the diode in the reverse
direction after the switched-off free-
wheeling current passes through zero.
The charge comprises the lag charge Qg
and the residual charge QO which essen-
tially generate the switching losses of the
diode. The degree of carrier storage may
be set by including recombination centers
in the diode structure; it must be remem-
bered that a reduction of the reverse
recovery charge, i.e. a reduction of car-
rier lifetime, is associated with a rise in
dissipation. The reverse recovery charge
that has to be bled off a free-wheeling
diode in operation rises with the magni-
tude of the forward current I the rate of
current decay upon switch-off commutat-
ing dig/ds, the junction temperature 7; and
the operating voltage V.

| Q=0+ Qr=[inds |

Semiconductor Group
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Kommutierungsverhalten

Commutations behaviour

i
+ T v
L di/df
FRED
Ve i <
fl’l’
~ I -ty e fp =
O—._—
N N
0s A0 25% Iy t
Tgm
90% Iy W
7\
\/ T
- i J
Bild 26 Figure 26

Chopper-Betrieb
Diodenstrom- und Spannungsfunktion
wéahrend der Kommutierung

Schaltverluste

Die Schaltverluste entstehen im wesentli-
chen durch den Ubergang der Diode von
dem Leitendzustand in den Sperrzustand
wahrend des Kommutierungsvorganges.
Sie ergeben sich aus dem Produkt der Tran-
sienten von Ruckstrom und Rickwartsspan-
nung. Damit werden diese Schaltverluste
hauptséchlich von der Restladung Qr und
der in diesem Zeitabschnitt an der Diode
anliegenden Spannung bestimmt. Diese
Spannung ist wiederum eine Funktion der
Abfallsteilheit des Riickstromes.

Semiconductor Group
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Chopper operation
Functional representation of current
and voltage during commutation

Switching Losses

Switching losses are caused essentially
by the transition of the diode from the for-
ward-biased to the blocking state during
the commutation process. They result
from the product of the reverse-current
and reverse-voltage transients. These
switching losses are therefore deter-
mined primarily by the residual charge Q¢
and the voltage applied during this period
across the diode. This function is again a
function of the rate of reverse-current
decay.
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S-Faktor

Der S-Faktor ergibt sich aus dem Zeitver-
héltnis der aus einer Diode abflieBenden
Rest und Nachlaufladung: S = ; / 7,. Der $-
Faktor liefert damit ein Kriterium zur Beur-
teilung des Sperrerhol- bzw. Abschaltver-
halten von schnellen Dioden. Je gréfBer
der S-Faktor ist, desto sanfter verlauft der
Abschaltvorgang. Géngige Werte fur S lie-
gen zwischen 0,6 und 1,2. Wegen der
Abhangigkeit von den Betriebsverhaltnis-
sen der Diode muf3 der S-Faktor durch die
Angaben von I , -dig/ds, V5 und Junk-
tiontemperatur definiert werden.

Abkommutierungssteilheit -di/d¢

Die Steilheit kann durch die Einschaltzeit
des Schalters T (vgl. Bild 31) bestimmt
werden oder sie ergibt sich aus der Kreis-
Induktivitat, sofern deren Zeitkonstante
groBer ist als die Einschaltzeit von T.

Sperrerholverhalten

Nach Ausrdumen der Nachlaufladung O,
beginnt die Diode Sperrspannung aufzu-
nehmen. Der Dioden-Rickstrom erreicht
den Scheitelwert Izy. Mit der abflieBen-
den Restladung fallt der Ruckstrom in
einer gewissen Steilheit ab. Eine zu
geringe Restladung fuhrt zum Ruck-
stromabri3 (snap off), der in Verbindung
mit einer parasitdren Kreis-Induktivitat
eine hohe Uberspannung erzeugt. Ohne
entsprechende Beschaltung kann dadurch
die Diode zerstort werden; auBerdem ent-
stehen unerwiinschte Storfelder. Die
Dioden-Struktur muf3 deshalb so gestaltet
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S Factor

The S factor results from the time ratio of
the residual and lag charges draining off
a diode, S=1/t. The S factor thus pro-
vides a criterion for assessing the reverse
recovery and recovery responses of fast-
recovery diodes. The higher the S factor,
the softer will be the recovery process.
Common values of S are 0.6 to 1.2.
Owing to the dependence on operating
conditions of the diode, the S factor has to
be defined by specifying I, -dig/d:, Vg
and the junction temperature.

Rate of Current Decay upon Switch-
Off -di/ds

The rate may be determined by the turn-
on time of the switch T (cf. Figure 31) or
results from the circuit inductance, pro-
vided that the time constant of the latter is
greater than the turn-on time of T.

Reverse Recovery Response

After ridding itself of the lag charge Qs,
the diode begins consuming reverse volt-
age. The diode reverse current attains its
peak value Izy. With the residual charge
being discharged, the reverse current
falls at a certain rate. If the residual
charge is too low, the reverse current will
snap off, causing a high overvoltage in
conjunction with a parasitic circuit induc-
tance. It may destroy the diode if suitable
circuitry is not present; in addition, spuri-
ous interference fields may be generated.
The diode structure must therefore be
designed in such a manner that the ratio
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sein, daB das Verhaltnis von Nachlauf-
und Restladung einen maBigen Riick-
stromabfall gewahrleistet. Besonders
sanftes Abschalten ergibt sich, wenn der
Rickstrom mit einem leichten Tail
abklingt. Mit steigender Betriebsspan-
nung wird der Riickstromabfall steiler.

Sperrverzégerungszeit ¢,

lhre Definition ist aus der Abbildung der
Dioden-Stromfunktion beim Kommutie-
rungsvorgang zu ersehen. Wéhrend dieser
dynamische Parameter das Schaltverhal-
ten von schnellen Dioden fiir HF-Gleich-
richtung und Signallibertragung gut cha-
rakterisiert, kann daraus fur schnelle
Freilaufdioden kein eindeutiges Beurtei-
lungskriterium abgeleitet werden. Spei-
cherladung und S-Faktor sind fiir die Kenn-
zeichnung der Dioden-Funktion im Frei-
laufbetrieb wesentlich aussagekraftiger.

3 Warmewiderstande

Zum Erzielen besserer Warmeableitun-
gen kénnen die Leistungstransistoren auf
Kuhlbleche oder Kiihlkérper bzw. Kihl-
profile montiert werden. Bei Kihlkorper
und -profilen wird der Warmewiderstand
vom Zubehérlieferanten angegeben.

Der Gesamt-Warmewiderstand ist vom
Chip Uber das Kuhimedium zur Umge-
bung anzusetzen.
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of lag to residual charge ensures a mod-
erate decrease in reverse current.
Extremely soft recovery results if the
reverse current decays with a slight tail.
The decrease in reverse current
becomes greater with rising operating
voltage.

Reverse Recovery Time ¢,

Its definition can be seen from the repre-
sentation of the diode current function
during the commutation process. While
this dynamic parameter properly charac-
terizes the switching response of fast-
recovery diodes for RF rectification and
signal transmission, no unambiguous cri-
terion may be deduced from it for fast-
recovery free-wheeling diodes. Reverse
recovery charge and S factor are far more
significant for identifying the diode func-
tion in free-wheeling operation.

3 Thermal Resistance

Power transistors can be mounted on
cooling plates or heat sinks or shaped
heat dissipators to improve heat dissipa-
tion. In the case of heat sinks and shaped
heat dissipators the thermal resistance is
specified by the supplier.

The total thermal resistance has to be
expelled from the chip via the cooling
medium to the ambient air.
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Es gilt generell die Bestimmungsgleichung:

The following defining equation generally
applies:

‘ Rinsn = Rinuc + Rincn + Rinna

Da die Berlihrungsoberflichen des Tran-
sistors (Drain-, bzw. Kollektoranschluf3)
und des Kihlbleches nicht vollkommen
plan sind, muB ein sog. Ubergangswider-
stand Ry, bericksichtigt werden, der
ohne Isolierscheibe bis zu 1 K/W betragen
kann. Durch Warmeleitpasten oder -schei-
ben kann dieser Widerstand, je nach
Gehéauseart, Chipflache und Kihlblechbe-
schaffenheit, auf ca. 0,3 bis 0,5 K/W redu-
ziert werden.

Der Warmewiderstand des Kuhibleches
Rtra wird nach folgender Néherungsformel
berechnet (nicht gultig fir Kiihlkérper):

Since the contacting surfaces of the tran-
sistor (drain and collector connections)
and of the cooling plate are not com-
pletely plane, a "junction resistance" Rycy
has to be taken into account which may
be as high as 1 K/W without an insulating
washer. Depending on the type of case,
the chip area and the structure of the
cooling plate, this resistance may be
reduced to about 0.3 to 0.5 K/W by using
thermally conductive pastes or washers.

The thermal resistance of the cooling
plate Ryu is calculated in accordance
with the following approximation formula
(not applicable to heat sinks):

3,3
NJAXd

Ripn =

Dicke des Kihlbleches in mm
Oberflache des Kiihlbleches in cm
Korrekturfaktor fir Lage und Oberfla-
chenbeschaffenheit des Kiihlbleches
Warmeleitwert des Kihlbleches

2

oOr>ra

>
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x Co25 4+ 650C/A
d = thickness of the coolinplate in mm
A = area of the cooling plate in cm?
C = correction factor for the position and
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surface finish of the cooling plate
thermal conductance of the cooling
plate material
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Kiihiblech-Warmeleitwert 1 Korrekturfaktor-Tabelle C

Cooling Sheet Thermal Correction Factor Table C

Conductance

Material Waérmeleitwert | Lage Oberfliche blank | geschwirzt

Material Thermal Position Surface bare black
conductance

Aluminium 2,1 W/K cm senkrecht 0,85 0,43

Aluminium 2.1 W/K cm vertical 0.85 0.43

Kupfer 3,8 W/K cm waagerecht 1 0,5

Copper 3.8 WK cm horizontal 1 0.5

Messing 1,1 W/Kcm

Brass 1.1 W/Kcm

Stahl 0,46 W/K cm

Steel 0.46 W/K cm

Die Formel gilt fir angendhert quadra-
tisch geformte Kuhlbleche, wenn der
Transistor in der Mitte montiert ist und die
einzige Warmequelle auf dem Kuhiblech
darstellt. Die Werte der Konstanten und
des Korrekturfaktors gelten in ruhender
Luft bis zu einer Umgebungstemperatur
von etwa 45°C, sofern keine heiBen,
warmestrahlenden Teile in der Nahe sind.
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The formula applies to approximately
square-shaped cooling plates when the
transistor is mounted at the center and is
the sole source of heat on the cooling
plate. The values of the constants and of
the correction factor apply to still air up to
an ambient temperature of approximately
45 °C, provided no hot, heat-radiating
parts are nearby.



SIEMENS

Technische Angaben
Technical Information

Warmeibergangswiderstand Ry,cy
einer Glimmerscheibe

Heat-Transfer Resistance Ry, of a
Mica Washer

Gehéuse Dicke der Scheibe trocken | Kontaktfett, beidseitig
aufgetragen, reduziert den
Waéarmewiderstandswert um:

Package Thickness of dry washer Contact grease applied on
both sides reduces thermal
resistance by:

50 um 75 um

TO-220 (TO3) 1.25 KW 1.5 KW 1.8 KW

TO-218 (TOP3) 1.4 KW 1.8 K/W 0.7 KW

TO-220 1.5 KW 1.2 KW 0.7 KW

Isolierende Warmeleitscheiben ergeben
bessere Warmelibergangswiderstande als
Glimmerscheiben.

TemperaturmeBmethoden der Bauele-
mentanschliisse

* Messen mit Thermoelement
Das Messen erfolgt mittels Miniatur-Man-
tel-Thermoelement mit niedriger Warme-
kapazitdt. Das Thermoelement ist mit
Warmeleitpaste Uberzogen und wird
gegen den Kollektoranschlu3 gedriickt.
Der EinfluB des MeBobjektes ist &uBerst
gering, und der MeBfehler betragt nur

* Messen mit Temperaturindikatoren
(z.B. Thermopapier)
Beim Messen mit Temperaturindikatoren
kann die Temperatur ohne zusétzliche
Warmeableitung und somit fast fehlerfrei
bestimmt werden. Der entsprechende
Fehler ist praktisch nur durch die Abstu-
fung und der Toleranz der Temperaturin-
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Insulating heat-conducting washers pro-
duce better heat-transfer resistance val-
ues than mica washers.

Temperature Measuring Methods of
Device Connections

* Measuring with a thermocouple
Measurements are made with a minia-
ture clad thermocouple of low thermal
capacity. The thermocouple is coated
with a thermally conductive paste and
pressed against the collector connec-
tion. The influence of the device under
test is extremely slight, and the mea-
suring error is only a few percent.

* Measuring with temperature indica-
tors (e.g. temperature-sensitive paper)
When temperature indicators are used for
measuring purposes, the temperature can
be determined without additional heat dis-
sipation and thus virtually without error.
The associated error is due nearly entirely
to the gradation and the tolerance of the
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dikatoren gegeben. Diese Methode ist
einfach durchzufihren und dabei aus-
reichend genau. Sie eignet sich beson-
ders fiir Messungen auf Platinen.

4 Verarbeitungsrichtlinien

* Die maximal zuldssigen Gate-Source-
Spannungen sind:

— MOS-Logik-Leveltransistoren: + 10 V
— MOS-Standard-Transistoren: £ 20 V

Ein Uberschreiten dieser Vgs-Spannun-
gen kann die Transistorparameter ver-
andern. Das heif3t jedoch nicht, daf3 bei
diesen Spannungen die Durchbruch-
feldstarke und damit die Zerstérgrenze
erreicht ist, sondern das sind die Gren-
zen, bei denen die Langzeitstabilitat
durch Freigabetests abgesichert ist.
Bei der 100-%-Bauteil-Parameterpri-
fung werden die Transistoren zwischen
den Gate-Source-Anschlissen  mit
einer wesentlich héheren Spannung
kurzzeitig belastet, um die Gateoxid-
Qualitat zu testen.

Beim Schaltungsaufbau ist darauf zu
achten, daf3 der Transistor nicht mit offe-
nen Gate-Source-Anschliissen betrie-
ben oder gemessen wird.

Thermische Beanspruchung

Jeder Halbleiter ist empfindlich gegen
Uberschreiten der héchstzulassigen
Sperrschichttemperatur. Bei der Kon-
struktion der Geréate ist deshalb zu
beachten, daB der Halbleiter nicht von
anderen Wé&rmeerzeugern aufgeheizt
wird.
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* The

temperature indicators. This method is
simple to implement, and sufficiently
accurate at the same. It is particularly
suitable for measurements on printed
circuit boards.

4 Mounting Instructions

maximum  permissible
source voltages are:

gate-

— MOS logic level transistors: £ 10 V
— MOS standard transistors : £ 20 V

Values above these Vs voltages can
change transistor parameters. But this
does not mean that the breakdown field
strength, and thus the limit with regard
to destruction, are reached at these
voltages, but these are the limits at
which long-term stability is assured by
approval testing. In the 100 % device
parameter test transistors are briefly
stressed across the gate-source con-
nections with a considerably higher vol-
tage in order to test the quality of the
gate oxide.

Make sure, when designing a circuit,
that the transistor is not operated or
measured with open gate-source con-
nections.

Thermal stressing

Every semiconductor device is sensi-
tive to the maximum permissible junc-
tion temperature being exceeded. Care
should therefore be taken at the equip-
ment design stage to ensure that the
semiconductor device is not heated by
other heat-generating components.
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5 MOS-Handhabung

Elektrostatisch gefahrdetes Bauelement
(EGB)

SIPMOS-Halbleiter sind elektrostatisch
gefdhrdete Bauelemente, bei deren
Handhabung besondere MaBnahmen zu
erfillen sind: Unkontrollierte Ladungen
und Spannungen von nicht geerdeten
Geraten oder Personen, Entladung stati-
scher Elektrizitdt oder &hnliche Einfliisse
kénnen das Bauelement zerstéren. Emp-
findlich ist beim MOSFET die Gate-
Source-Strecke, da diese eine sehr
dinne (kleiner als 100 nm) Silizium-Dio-
xid-Schicht (Glas) darstelit.

Ein MaB fir die Empfindlichkeit der Tran-
sistoren gegen elektrostatische Entla-
dung ESD = Electrostatic Discharge, ist
die Gate-Source-Kapazitat Cgs bzw. die
Eingangskapazitat C,.

Bauelemente mit gréBerer Eingangska-
pazitat sind unempfindlicher. Das bedeu-
tet, da3 Transistoren mit groBen Chipfla-
chen bzw. groBen Eingangskapazitéten
im Sinne der MIL-STD 883C, Methode
3015.6 (Prifmethode nach dem Human
Body Model) bereits als weniger empfind-
lich oder robust gelten.

SIPMOS-Halbleiter haben im Vergleich
zu HF-MOSFET gréBere Eingangskapa-
zitdten und sind damit unempfindlicher,
trotzdem sind die entsprechenden Hand-
habungs-Richtlinien fir elektrostatisch
gefahrdete Bauelemente zu beachten.

Um die Transistoren wahrend des Trans-
ports vor statischer Aufladung zu schiit-
zen, werden sie in antistatischer Verpak-

Semiconductor Group

5 MOS Handling

Electrostatic-sensitive (ESD) devices

SIPMOS semiconductors are electrostatic-
sensitive devices requiring special handling
techniques. Uncontrolled charges and volt-
ages from ungrounded equipment and per-
sons, as well as the discharging of static
electricity or similar influences can destroy
these devices. The sensitive part of a
MOSFET is the gate-source junction, a
very thin (< 100 nm) silicon dioxide film
(glass).

A criterion for the sensitivity of transistors
to electrostatic discharge (ESD) is the
gate-source capacitance Cgs and the
input capacitance Ci.

Devices having a higher input capaci-
tance are less sensitive. This means that
transistors having large chip areas and
high input capacitances as defined in
MIL-STD 883C, Method 3015.6 (Human
Body Model Test Method), are already
regarded as less sensitive or robust.

Compared to RF MOSFETs, SIPMOS
semiconductors have higher input capac-
itances and are therefore less sensitive;
nevertheless, the corresponding handling
instructions  for electrostatic-sensitive
devices must be observed.

To protect transistors from static charges
during shipping, they are supplied in anti-
static packing. When inserting transis-
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kung geliefert. Beim Einbau der Tran-
sistoren sind die Vorschriften fir MOS-
Bauelemente zu beachten.

Verpackungsaufkleber fiir SIPMOS-
Halbleiter

tors, follow the instructions for MOS
devices.

Packing sticker for SIPMOS
semiconductors

T O
Qv"‘( e,
‘z: Z
= -2
Z -}
3 P\

Normen

* SIEMENS QS-Verfahrensanweisung und
MIL-STD 883C, Methode 3015.6 fir Pri-
fung und Klassifizierung

¢ SIEMENS Norm SN 73257 flir Grund-
lagen, Test und sichere Handhabung

» DIN VDE 0843 T2 identisch mit IEC 801-2
* CECC - Grundspezifikation CECC 00015

Wichtige Punkte fir die Handhabung

e Bis zur Verarbeitung missen die Bau-
elemente in einer EGB-gerechten Ver-
packung bleiben.

e Eingangsprifung und Weiterverarbei-
tung nur an speziell eingerichteten
Arbeitsplatzen (hochohmige Massever-
bindung, leitende Ablage, Handgelenk-
band etc.).

Semiconductor Group

\ Attention

@) Observe Precautions for Handling
9, “\'} Electrostatic Sensitive
40 9 Devices

Achtung

Nur geschultes Personal

darf die Verpackung 6ffnen
Elektrostatisch gefdhrdete
Bauelemente (EGB)

Standards

¢ Siemens QA Process Instructions and
MIL-STD 883C, Method 3015.6 for Test-
ing and Classification.

¢ Siemens Standard SN 73257 for Prin-
ciples, Testing and Safe Handling.

¢ DIN VDE 0843 T2, identical with IEC 801-2.
¢ CECC Basic Specification CECC 00015.

Important Points on Handling

* Until they are processed, the devices
must be kept in suitable ESD device
packing.

¢ Incoming inspections and subsequent
processing may be performed only at
specially equipped workstations (high-
impedance ground connection, con-
ductive working top, wrist strap, etc.).
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» Alle Transporteinheiten und Leiterplat-
ten missen vor der Verarbeitung von
EGB-Bauteilen auf gleiches Potential
gebracht werden.

Empfindlichkeit nach MIL-STD-883

¢ Human Body Model
HBM ist ein Modell, das den menschli-
chen Koérper durch einen aufladbaren
Kondensator mit einem Entladewider-
stand simuliert.

¢ All transport devices and printed circuit
boards must be brought to the same
potential before ESD devices are pro-
cessed.

Sensitivity as per MIL-STD 883

* Human Body Model
HBM is a model for simulating the
human body by a chargeable capacitor
with a bleeder resistor.

=1MQ 1.5kQ
I P 1
HV ESD
supply 100pF device

| L
|
I -
Bild 27 Figure 27
Testschaltung Test circuit
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* Empfindlichkeitsklassen
STD-883 und SIEMENS QS-Verfah-

rensanweisung

nach MIL- e Sensitivity classes as per MIL-STD 883
and Siemens QA Process Instructions

Priifspannung
Klasse Zerstérung bei: Bezeichnung
Class Test Voltage Description
Destroys at:
1a 0. 499V extrem empflndllllch
extremely sensitive
1b 500 . 999 V sehr empflpdllch
very sensitive
1c 1000 ... 1999 V empfindlich
sensitive
2 2000 ... 3999 V weniger empfindiich
less sensitive
3 > 4000 V robust
robust

Die Klassen 1, 2 und 3 entsprechen MIL-
STD-883, die Unterklassen 1a, 1b und 1c
sind von SIEMENS eingefiihrt worden.
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Classes 1, 2 and 3 correspond to MiL-
STD 883; sub-classes 1a, 1b and 1c¢ have
been introduced by SIEMENS.
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| BUZ 357
A BUZ 346

5 BUZ 91A /

1 Y

3 BUZ 90 j'/
jrd
BUZ 10,/]

1 “1 BUZ 10L

N

BUZ 71L
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—— C,, bei Vs =0V

Bild 28 Figure 28
Empfindlichkeit von SIPMOS- Sensivity of SIPMOS Power
Leistungstransistoren Transistors
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1 Symbole, Begriffe, Normen

Symbole und Begriffe der verwendeten

Symbols, Terms, Standards

Symbols and Terms of Magnitudes Used

GréBen

Symbole | Begriffe Terms

Symbols

A Anode Anode

C Kapazitat; Kollektor Capacitance, collector

Ciss Eingangskapazitat Input capacitance

Coss Ausgangskapazitat Output capacitance

Cres Ruckwirkungskapazitat Reverse transfer capacitance

Chbs Drain-Source Kapazitat Drain-source capacitance

Cep Gate-Drain Kapazitat Gate-drain capacitance

Ces Gate-Source Kapazitat Gate-source capacitance

Cui Millerkapazitat Miller capacitance

D Tastverhaltnis/Tastgrad Pulse duty factor/duty cycle
D =1/T ; Drain D =1/T; drain

dig/gt Dioden-Stromsteilheit Rate of diode current rise

E Energie Energy

E\ Avalanche-Energie Avalanche energy

Exr Avalanche-Energie, periodisch Avalanche energy, repetitive

Exs Avalanche-Energie, Einzelpuls Avalanche energy, single pulse

E Abschaltverlust-Energie Turn-off loss energy

f Frequenz Frequency

G Gate Gate

8ts Ubertragungssteilheit Transconductance

I Strom Current

[ Strom Augenblickswert Current, instantaneous value

Ing Avalanche-Strom, periodisc'hm Avalanche current, repetitive

Ic Kollektor-Gleichstrom DC collector current

Iees Kollektor-Reststrom Collector cutoff current
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Symbole |Begriffe Terms
Symbols
Teouss Kollektor-Gleichstrom, gepulst DC collector current, pulsed
I Drain-Gleichstrom DC drain current
ITppusse Drain-Gleichstrom, gepulst DC drain current, pulsed
Ipss Drain-Reststrom Drain cutoff current
Iosv Drain-Reststrom mit anliegender Drain cutoff current with gate volt-
Gate-Spannung age applied
Ir Dioden DurchlaBstrom Diode forward current (general)
(allgemein)
Iepy Dioden DurchlaBBstrom , Mittelwert | Diode forward current, average
value
(. Dioden DurchlaBstrom , Effektiv- Diode forward current, rms value
wert
Term Periodischer Dioden-Spitzenstrom | Repetitive diode peak current
Irsm Dioden-StoBstromscheitelwert Diode current surge crest value
(50Hz-Sinus) (50-Hz sinusoidal)
Iges Gate-Emitter-Leckstrom Gate-emitter leakage current
Iss Gate-Source-Leckstrom Gate-source leakage current
I Strom durch Induktivitat Current through inductance
In Dioden-Sperrstrom Diode reverse current
Iram Sperrverzégerungsrickstromspitze | Reverse recovery peak return
current
Is Inversdioden-Dauergleichstrom Inverse diode continuous forward
current
Isu Inversdioden-Gleichstrom, gepulst | Inverse diode direct current, pulsed
Kathode Cathode
L Induktivitat Inductance
L Last-Induktivitat Load inductance
L, Parasitare Induktivitat Parasitic inductance (e.qg. lines)
(z.B. Leitungen)
Py Avalanche-Verlustleistung Avalanche power loss
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Symbole | Begriffe Terms

Symbols

P Dioden-Verlustleistung, Diode power loss, forward power
DurchlaBverlustleistung loss

Py Schaltverlustleistung Switching power loss

Pt Gesamtverlustleistung Power dissipation

Ocate Gate-Ladung Gate charge

Qcs Ladung der Gate-Source-Kapazitat | Charge of gate-source capacitance

Qco Ladung der Gate-Drain-Kapazitdt | Charge of gate-drain capacitance

Ocate tot Gesamt-Gateladung Total gate charge

O Sperrverzégerungsladung Recovered charge

R, Basis-Emitter-Widerstand des para- | Base-emitter resistance of parasitic
sitdren Bipolartransistors bipolar transistor

Ro Drainwiderstand Drain resistance
(Widerstand der Epitaxieschicht) (resistance of epitaxial layer)

Ros(on) Drain-Source-Einschaltwiderstand | Drain-source ON resistance

Ra Gate-Bahnwiderstand Gate bulk resistance

Ras Gate-Source-Widerstand Gate-source resistance

R Innenwiderstand (Pulsgenerator) Internal resistance

(pulse generator)

Rk Kanalwiderstand Channel resistance

R. Lastwiderstand Load resistance

Rinch Warmewiderstand, Gehause- Thermal resistance, case to heat
Kuhlkérper sink

Rima Wérmewiderstand, Kiihlkérper- Thermal resistance, heat sink to
Umgebung ambient air

Riua Warmewiderstand, Chip-Umge- Thermal resistance, chip to ambient
bung air

Rinc Wérmewiderstand, Chip-Gehause | Thermal resistance, chip to case

S Source Source

T Periodendauer; Temperatur Cycle time; temperature

Ta Umgebungstemperatur Ambient temperature

Tc Gehausetemperatur Case temperature
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Symbole | Begriffe Terms

Symbols

t Zeit allgemein Time, general

t Zeitpunkt Instant

taoft Ausschaltverzdégerungszeit Turn-off delay time

Tdon Einschaltverzdgerungszeit Turn-on delay time

t te Fallzeit Fall time

t Pulsdauer bzw. Einschaltdauer Pulse duration or turn-on time

T, Chip- bzw. Betriebstemperatur Chip or operating temperature

Tjimax) Maximal zuldssige Chip- bzw. Maximum permissible chip or
Betriebstemperatur operating temperature

td(om\ Ausschaltzeit 7 Turn-off time

L4(on) Einschaltzeit Turn-on time

I Pulszeit Pulse time

t, Anstiegszeit Rise time

to Sperrverzégerungszeit Reverse recovery time

Tyq Lagertemperatur Storage temperature

Teons Lottemperatur Soldering temperature

1% Spannung Augenblickswert Voltage, instantaneous value

Vi Ansteuerspannung Drive voltage

Vierices Kollektor-Emitter-Durchbruch- Collector-emitter breakdown
spannung voltage

Virpss Drain-Source-Durchbruch- Drain-source breakdown voltage
spannung

Voo Versorgungsspannung Supply voltage

Vee Kollektor-Emitter-Spannung Collector-emitter voltage

Veksat Kollektor-Emitter-Sattigungs- Collector-emitter saturation voltage
spannung

Veen Kollektor-Gate-Spannung Collector-gate voltage

Voer Drain-Gate-Spannung Drain-gate voltage

Vbs Drain-Source-Spannung Drain-source voltage

Ve Dioden-DurchlaBspannung Diode forward voltage
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Symbole | Begriffe Terms

Symbols

Vee Gate-Emitter-Spannung Gate-emitter voltage

Vaean Gate-Schwellenspannung Gate threshold voltage
(IGBT) (IGBT)

Vas Gate-Source-Spannung Gate-source voltage

Vs Gate-Schwellenspannung Gate threshold voltage
(SIPMOS) (SIPMOS)

Vi Dioden-Sperrspannung Diode reverse voltage

Vaam Periodische Spitzensperrspannung | Repetitive peak reverse voltage

Viasm StoBspitzensperrspannung Surge peak reverse voltage

Vso Inversdioden-DurchlaBspannung Inverse diode forward voltage

Zinsc Transienter Warmewiderstand, Transient thermal resistance, chip
Chip-Gehause to case

Normen Standards

Folgende Normen wurden in diesem
Datenbuch verwendet. Spezielle Einzel-
heiten kénnen nachfolgenden Unterlagen
entnommen werden:

The following standards were used for
this Data Book. Specific details can be
taken from the documents listed below:

Normen, Begriffe und Definitionen
Standards, Terms and Definitions

DIN 40 900 T5 Halbleiter, Schaltzeichen Semiconductors, Graphical
Symbols

DIN 41 781 Diodenbegriffe Diode Terms and Definitions

DIN 41785 T3 Leistungshalbleiter, Power Semiconductors,

Kurzzeichen Letter Symbols

DIN 41 854 Bipolare Transistoren, Begriffe | Bipolar Transistors, Terms and
Definitions

DIN 41 858 Feldeffekttransistoren, Begriffe | Field Effect Transistors, Terms

IEC 148 B Halbleiterbauelemente,

Symbole allgemein

and Definitions

Semiconductor Devices,
Symbols, General
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Angaben in Datenblattern, MeBverfahren
Details in Data Sheets, Test Procedures

DIN 41791 T1 |Allgemeines zu Datenblattern | General Remarks on Data
Sheet Details
T5 | Datenblattangaben, Data Sheet Details,
Leistungstransistoren Power Transistors
T6 | Datenblattangaben, Data Sheet Details,
Schalttransistoren Switching Transistors
DIN 41 792 T1 MeBverfahren, Transistoren Test Procedures, Transistors
T2 | MeBverfahren, Dioden Test Procedures, Diodes
T3 | MeBverfahren, Warmewider- Test Procedures, Thermal
stand Resistance
DINIEC 747 T1 | Alilgemeines zu Grenz- und General Remarks on Maxi-
Kenndaten, MeRverfahren mum Ratings and Characteris-
tics, Test Procedures
T2 | Dioden Diodes
IEC 747 T7 |Bipolare Schalttransistoren Bipolar Switching Transistors

DINIEC 747 T8

Feldeffekttransistoren

Field Effect Transistors

Zuverlassigkeit

Reliability
DIN 41794 T3 |Transistoren Transistors
T8 | Dioden Diodes
DIN IEC 68 .. Tests Tests
MIL-STD 883C Testmethoden, z.B. Methode Test Methods, e.g. Method
3015.6 fur ESD " 3015.6 for ESD "
MiL-STD 19500 Ausfalikriterien Failure Criteria
SN 73 257 ESD ESD

A66762-A4013-A58

Verfahrensanweisung fur ESD

QA Process Instructions for ESD

) ESD 2 Electrostatic discharge / Elektrostatische Entladung
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1.1 Anordnung des Indizes

Spannungen

Es werden zwei Indizes verwendet, die die
Punkte bezeichnen, zwischen denen die
Spannung gemessen wird. Positiven Zah-
lenwerten der Spannungen entsprechen
positive Potentiale des mit dem ersten
Index bezeichneten Punkt (Bezugspunkt),
2.B. Vgs.

Strome

Mindestens ein Index wird verwendet.
Positiven Zahlenwerten des Stroms ent-
sprechen positive Stréme, die an dem mit
dem ersten Index bezeichneten Anschluf3
in das Bauelement eintreten, z.B. Is.

Ein zuséatzlicher 3. Index gibt den Beschal-
tungszustand zwischen dem 2. Index und
dem nicht bezeichneten 3. Anschiuf3 an.

1.1 Arrangement of Subscripts

Voltages

Two subscripts are used to designate the
points between which the voltage is mea-
sured. Positive numerical values of the
voltages equate to positive potentials of
the point specified by the first subscript
(reference point), e.g. V.

Currents

At least one subscript is used. Positive
numerical values of the current equate to
positive currents entering the component
at the connection specified by the first
subscript, e.g. Igs.

An additional, third subscript indicates the
circuit status between the second subscript
and the unspecified third connection.

Beispiele Examples

Viempss = Durchbruchspannungzwischen Verpss = Breakdown voltage between
Drain- und Sourceanschluf3 mit drain and source connections
kurzgeschlossenem Gate- with shorted gate-source con-
Source-Anschluf3. nection.

Iosy = Stromin Drain-Source-Richtung | Ipsy = Current in drain-source direc-
mit Spannungsbeschaltung tion with voltage connected
zwischen Gate-Source- across the gate-source con-
Anschiuf3. nection.

3. Buchstabe Third letter

S = kurzgeschlossen S = Shorted

R = Widerstandsbeschaltung R = Resistive connection

\% = Spannungsbeschaltung \% = Voltage connection

X = Widerstands- und X = Resistive and voltage
Spannungsbeschaltung connection
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2 Grenzwerte

Die in den Datenbléttern angegebenen
Grenzwerte sind absolute Werte. Wird
einer dieser Grenzwerte Uberschritten, so
kann das zur Zerstérung des Halbleiters
fuhren, auch wenn nicht alle anderen
Grenzwerte ausgenutzt werden. Wenn
nicht anders angegeben, gelten die
Werte bei einer Temperatur von 25 °C.

2.1 Drain-Source-Spannung Vs

Maximal zuldssiger Wert der Spannung
zwischen den Drain-Source-Anschliissen
bei kurzgeschlossener Gate-Source. Aus-
genommen sind Spannungsspitzen bei
avalanchefesten Transistoren.

2.2 Drain-Gate-Spannung Vpgr

Maximal zuldssiger Wert der Spannung
zwischen dem Drain- und dem Gate-
AnschluB bei Uberbriickung der Gate-
Source-Anschliisse mit einem vorgege-
benen Widerstand.

2.3 Drain-Gleichstrom I,

Maximal zulassiger Wert des Gleich-
stroms Uiber den Drain-Anschluf3.

2.4 Drain-Strom, gepulst Ip,

Maximal zuldssiger Scheitelwert des
Stroms Uber den Drain-AnschluB3 bei
Pulsbetrieb. Die Pulsbreite und das Puls-
Pausenverhéltnis ist aus dem Diagramm
"Zuléssiger Betriebsbereich” zu entneh-
men. Fir Einzelpulse bei maximaler Auf-
steuerung des Transistors sind héhere
Werte zulassig. Werte auf Anfrage.

Semiconductor Group

2 Maximum Ratings

The maximum ratings presented in the
data sheets are absolute values. If one of
these maximum ratings is exceeded, it
may result in breakdown of the semicon-
ductor, even if the other maximum ratings
are not all used to their limits. Unless
specified to the contrary, the values apply
at a temperature of 25°C.

2.1 Drain-Source Voltage Vg

The maximum permissible value of the
voltage across the drain-source connec-
tions with shorted Gate and Source.
Glitches relating to avalanche-resistant
transistors are excluded.

2.2 Drain-Gate Voltage Vpgr

The maximum permissible value of the
voltage across the drain and gate con-
nections when the gate-source connec-
tions are bridged by a specified resis-
tance.

2.3 DC Drain Current I,

The maximum permissible value of the
direct current across the drain connection.

2.4 Drain Current, Pulsed I,

The maximum permissible crest value of
the current across the drain connection in
pulsed operation. The pulse width and
pulse spacing can be taken from the
"Safe Operating Area" diagram. Higher
values are permissible for single pulses
at maximum biasing of the transistor. Val-
ues supplied on request.
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2.5 Gate-Source-Spannung Vg

Maximal zuldssiger Wert der Spannung
zwischen den Gate-Source-Anschliissen.

2.6 Gate-Source-Spitzenspannung V,

Maximal zuléssiger, nicht periodischer
Spitzenwert zwischen den Gate-Source-
Anschlussen bei Logik-Level-Transisto-
ren. Fur den Storfall darf diese Spannung
max. 1 s anliegen.

2.7 Maximale Verlustleistung P,

Der maximal zulassige Wert der Verlust-
leistung, die der Transistor abflihren
kann.

2.8 Betriebstemperaturbereich T;

Bereich der zuldssigen Chiptemperatur,
innerhalb dessen der Transistor dauernd
betrieben werden darf.

2.9 Lagertemperaturbereich T,

Temperaturbereich, innerhalb dessen der
Transistor ohne elekirische Beanspru-
chung gelagert oder transportiert werden
darf.

2.10 Maximale Loéttemperatur 7,4

Die maximal zulassige Léttemperatur an
den Anschlissen des Halbleiters bei
einem  spezifizieten Abstand vom
Gehéause und fir eine spezifizierte Zeit
(siehe Kapitel Montage- und Léthin-
weise).
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2.5 Gate-Source Voltage Vs

The maximum permissible value of the volt-
age across the gate-source connections.

2.6 Gate-Source Peak Voltage Vs

The maximum permissible non-repetitive
peak value across the gate-source con-
nections in logic level transistors. In the
event of a malfunction, this voltage must
not be applied for longer than 1 s.

2.7 Maximum Power Dissipation Py,

The maximum permissible power loss
that can be dissipated by the transistor.

2.8 Operating Temperature Range T;

The range of the permissible chip tem-
perature within which the transistor may
be continuously operated.

2.9 Storage Temperature Range T,

The temperature range within which the
transistor may be stored or transported
without electrical stressing.

2.10 Maximum Soldering Temperature
Tsold

The maximum permissible soldering tem-
perature at the connections of the semi-
conductor, at a specified spacing from the
package and for a specified time (refer to
"Notes on Mounting and Soldering").
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2.11 Avalanche-Energie, Einzelpuls E ¢

Maximal zuldssige Pulsenergie beim Auf-
treten einer einmaligen Sperrspannungs-
Durchbruchbelastung. Die Parameter: I,
Voo, Ras, L, T; sind spezifiziert.

2.12 Avalanche-Energie im
Dauerbetrieb E g

Maximal zuldssige Sperrspannungs-Durch-
bruchenergie in Dauerbetrieb bei Einhaltung
der maximal zuléssigen Chiptemperatur.

2.13 Avalanche Drainstrom im
Dauerbetrieb 7,5

Maximal zulassiger Drainstrom-Scheitel-
wert bei periodischer Sperrspannungs-
Durchbruchbelastung unter Einhaltung
der maximal zuléassigen Chiptemperatur.

2.14 Warmewiderstand Chip-Gehéuse
Ryngc Oder Ry,n

Quotient aus der Differenz zwischen der
Chip- und der Bezugstemperatur am
Gehause, oder der Umgebung einerseits
und der abgefihrten Verlustleistung ande-
rerseits, bei thermischem Gleichgewicht.

2.15 Feuchteklasse

Die Angaben sind nach DIN 40040 spezi-
fiziert.

2.16 Priifklasse

Die Angaben sind nach DIN IEC 68-1
spezifiziert.
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2.11 Avalanche Energy, Single Pulse E ¢

The maximum pulse-energy occurring
with a unique reverse voltage breakdown
load. The parameters I, Vpp, Ras, L and T,
are specified.

2.12 Avalanche Energy in Continuous
Operation E 5

The maximum permissible reverse-volt-
age breakdown energy in continuous
operation while observing the maximum
permissible chip temperature.

2.13 Avalanche Drain Current in
Continuous Operation I,,

The maximum permissible drain current
crest value at repetitive reverse-voltage
breakdown loading while observing the
maximum permissible chip temperature.

2.14 Chip to Case Thermal Resistance
Rinsc OF Ripga

Quotient from the difference between the
chip temperature and the reference tem-
perature at the case or ambient air on the
one hand and the dissipated power on
the other, at thermal equilibrium.

2.15 Humidity Class

Details are specified in accordance with
DIN 40040.

2.16 Test Class

Details are specified in accordance with
DIN IEC 68-1.
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3 Kennwerte

Die angegebenen Werte sind als Mittel-
werte aufzufassen. In vielen Fallen wer-
den sie durch Angabe des Streubereichs
erganzt.

3.1 Drain-Source-Durchbruch-
spannung Vggypss

Die Spannung zwischen den Drain-
Source-Anschlissen, gemessen bei spe-
zifizietem Drain-Strom und kurzge-
schlossenen Gate-Source-Anschllissen.

3.2 Gate-Schwellenspannung Vgsan
(Einsatzspannung)

Der Wert der Gate-Source-Spannung,
gemessen bei spezifiziertem Drain-Strom
und spezifizierter Drain-Source-Span-
nung.

3.3 Drain-Reststrom I

Der Wert des Drain-Stroms bei einer spezifi-
zierten Drain-Source-Spannung und kurz-
geschlossenen Gate-Source-Anschlissen.
Angegeben werden Werte bei 25 °C und
einer spezifizierten héheren Chiptemperatur.

3.4 Gate-Source-Leckstrom Igg

Der Wert des Gate-Leckstroms bei einer
spezifizierten Gate-Source-Spannung und
kurzgeschlossenen Drain-Source-Anschlis-
sen.

3.5 Drain-Source-
Einschaltwiderstand Ry,

Der Wert des Widerstandes zwischen
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3 Characteristics

Specified values should be regarded as
average values. In many cases the varia-
tion range is given as well.

3.1 Drain-Source Breakdown Voltage
V(BR)DSS

The voltage across the drain-source con-

nections measured at the specified drain

current and shorted gate-source connec-
tions.

3.2 Gate Threshold Voltage Vg

The value of the gate-source voltage
measured at the specified drain current
and the specified drain-source voltage.

3.3 Drain Cutoff Current I g5

The value of the drain current at a speci-
fied drain-source voltage and shorted
gate-source connections. The details
shown are values at 25°C and a speci-
fied, higher chip temperature.

3.4 Gate-Source Leakage Current I

The value of the gate leakage current at a
specified gate-source voltage and shorted
drain-source connections.

3.5 Drain-Source ON Resistance
RDS(on)

The value of the resistance across the
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dem Drain- und Source-Anschluf3 bei
spezifizierten Werten der Gate-Source-
Spannung und des Drain-Stroms.

3.6 Ubertragungssteilheit g,

Quotient aus der Anderung des Drain-
Stroms und der Gate-Source-Spannung
und spezifiziertem Drainstrom.

3.7 Eingangskapazitat Css

Die Kapazitat gemessen zwischen dem
Gate- und Source-AnschiuB3 bei far
Wechselspannung  kurzgeschlossenen
Drain-Source-Anschlissen. Die Werte
der Gleichspannung zwischen den Gate-
Source- und den Drain-Source-Anschlis-
sen sowie die MeBfrequenz sind spezifi-
ziert.

3.8 Ausgangskapazitat Coss

Die Kapazitdt gemessen zwischen dem
Drain- und Source-Anschluf3 bei fur
Wechselspannung  kurzgeschlossenen
Gate-Source-Anschlissen. Die Werte
der Gleichspannung zwischen den Gate-
Source- und den Drain-Source-Anschlis-
sen sowie die MeBfrequenz sind spezifi-
ziert.

3.9 Riickwirkkapazitat C,

Die Kapazitat gemessen zwischen dem
Drain- und dem Gate-Anschluf3 bei Ver-
binden des Source-Anschlusses mit dem
Schutzschirm der MeBbriicke (dreipolig).
Die Werte der Gleichspannung zwischen
den Gate-Source- und den Drain-Source-
Anschlissen sowie die MefBfrequenz sind
spezifiziert.
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drain and source connections at specified
values of the gate-source voltage and the
drain current.

3.6 Transconductance g,

Quotient from the variation in drain cur-
rent and gate-source voltage and the
specified drain current.

3.7 Input Capacitance Cg

The capacitance measured across the
gate and source connections with drain-
source connections shorted for AC volt-
age. The values of the DC voltage across
the gate-source and drain-source con-
nections are specified together with the
test frequency.

3.8 Output Capacitance Coss

The capacitance measured across the
drain and source connections with gate-
source connections shorted for AC volt-
age. The values of the DC voltage across
the gate-source and drain-source con-
nections are specified together with the
test frequency.

3.9 Reverse Transfer Capacitance C,,

The capacitance measured across the
drain and gate connections, the source
connection being connected to the pro-
tective screen of the bridge (three-pole).
The values of the DC voltage across the
gate-source and drain-source connec-
tions are specified together with the test
frequency.
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3.10 Einschaltzeit ¢, = tyon) + &

Summe aus Einschaltverzdgerungszeit
taony, g€Messen zwischen dem 10-%-Wert
der Gate-Source-Spannung und dem 90-
%-Wert der Drain-Source-Spannung und
der Anstiegszeit 7, gemessen zwischen
dem 90-%-Wert und dem 10-%-Wert der
Drain-Source-Spannung. Schaltung und
Parameter sind spezifiziert.

3.11 Ausschaltzeit ¢ = tycn + 4

Summe aus Ausschaltverzégerungszeit
t40m, gEMessen zwischen dem 90-%-Wert
der Gate-Source-Spannung und dem 10-
%-Wert der Drain-Source-Spannung und
der Fallzeit 1, gemessen zwischen dem
10-%-Wert und dem 90-%-Wert der
Drain-Source-Spannung. Schaltung und
Parameter sind spezifiziert.
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3.10 Turn-On Time ¢, = tyon) + 4

Sum of the turn-on delay time 4., mea-
sured between the 10 % value of the
gate-source voltage and the 90 % value
of the drain-source voltage and the rise
time ¢, measured between the 90 % value
and the 10 % value of the drain-source
voltage. The circuit and parameters are
specified.

3.11 Turn-Off Time oy = tyom + &

Sum of the turn-off delay time #y.s mea-
sured between the 90 % value of the
gate-source voltage and the 10 % value
of the drain-source voltage and the fall
time 5 measured between the 10 % value
and the 90 % value of the drain-source
voltage. The circuit and parameters are
specified.
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v Ves
T q, 90%
| Input
| pulse
-+ 10%
VDS t
4 —
T 907 -+ 90z
Output
pulse
10% 10% 1
‘ — 10%
/d on ™ |~ —— fl -
-+t - | g =
=l oy 1= - Tott - SIL00026
t Times axis
tyom Turn-off delay time
tyony Turn-on delay time
‘ 4  Falltime
t,m Turn-ontime ‘
ty Turn-off time ‘
t,  Rise time
vV Voltage axis
Vps Drain-source voltage
Vss Gate-source voltage
Bild 29 Figure 29
Definition der Schaltzeit Definition of switching time
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3.12 Inversdioden Gleichstrom I

Maximal zulassiger DurchlaBgleichstrom
der Inversdioden bei spezifizierter Gehau-
setemperatur T; bzw. Umgebungstempera-
tur 7.

3.13 Inversdioden Gleichstrom,
gepulst I,

Maximal zuléssiger Scheitelwert des
Stroms der Inversdiode bei Pulsbetrieb.
Die Geh&usetemperatur bzw. die Umge-
bungstemperatur ist angegeben. Das
Puls-Pausen-Verhaltnis entspricht dem
des Transistorpulsstroms.

3.14 DurchlaBspannung Vg,

Typischer Wert und obere Streugrenze
der im DurchlaBzustand zwischen
Source und Drain liegenden Spannung.
Der DurchlaBstrom I die Spannung Vs
und die Chiptemperatur 7; sind spezifi-
Ziert.
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3.12 Inverse Diode Continuous
Forward Current I

The maximum permissible forward cur-
rent of the inverse diode at the specified
case temperature T or ambient tempera-
ture T,.

3.13 Inverse Diode Direct Current,
Pulsed I,

The maximum permissible crest value of
the inverse diode current in pulsed opera-
tion. The case temperature or the ambi-
ent temperature is presented. The pulse
spacing is that of the transistor pulse cur-
rent.

3.14 Forward Voltage Vg,

A typical value and upper limit of scatter-
ing of the voltage at ON state across the
source and the drain. The forward current
I, the voltage Vs and the chip tempera-
ture T, are specified.
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3.15 Sperrverzégerungszeit ¢, und
Sperrverzégerungsladung Q,,

Angegeben ist jeweils ein typischer Wert
fir die im Datenblatt spezifizierten MeB3-
und Nebenbedingungen (siehe Bild 30
nach DIN IEC 747 T2). Fur FREDFET und
FRED sind Maximalwerte angegeben.

3.16 Riickstromspitze Iay

Bei FREDFET und FRED wird ein typischer
Wert der Riickstromspitze angegeben.

i
12
di/dt

/

Ir

3.15 Reverse Recovery Time ¢, and
Recovered Charge Q,,

A typical value is presented in each case
for the test and secondary conditions
specified on the data sheet (refer to
Figure 30 conforming with DIN-IEC 747
T2). Maximum values are presented for
FREDFETs and FREDs.

3.16 Peak reverse Current I;qy

A typical value of the peak return current
is presented for FREDFETs and FREDs.

]

0= [iydt
o=

IRRM

25% Iggy !

90% ey

Bild 30

Sperrverzégerungszeit ¢, Sperrverz6-
gerungsladung Q.. und Riickstrom-
spitze Iy
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Figure 30
Reverse recovery time ¢, recovered
charge Q.. and peak return current Iz,
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4 Diagramme

4.1 Verlustleistung P, = f (T)

Angegeben ist die maximal zuldssige
Verlustleistung, abhangig von der Gehau-
setemperatur 7 bzw. Umgebungstempe-
ratur 7.

4.2 Typische Ausgangscharakteristik
Iy =f(Vos)

Aufgetragen ist die typische Abhangigkeit
des Drain-Stroms I, von der Drain-
Source-Spannung Vps bei vorgegebener
Gate-Source-Spannung Vgs. Chiptempe-
ratur 7; und Pulsbreite sind spezifiziert.

4.3 Zuléassiger Betriebsbereich
Ip =f (Vos), (SOA-Diagramm)

Dargestellt ist der maximal zuléssige
Drain-Strom I, abhangig von der Drain-
Source-Spannung Vys fir Belastung mit
Dauergleichstrom und mit Impulsen unter-
schiedlicher Breite bei spezifiziertem Puls-
Pausen-Verhéltnis. Die maximal zulassige
Gehéausetemperatur ist spezifiziert. Inner-
halb dieses Bereiches sind alle Werte von
I, und Vg erlaubt, wenn der Transistor
dabei thermisch nicht Gberlastet wird. Die
Rosen-Grenzlinie ist nur mit Gate-Span-
nungen = 10 V erreichbar.

4.4 Typische Ubertragungscharakte-
I’istik ID =f (Ves)

Das Diagramm zeigt die typische Abhéan-
gigkeit des Drainstromes I, von der Gate-
Source-Spannung Vss, wobei die Chip-
temperatur 7}, die Pulsbreite und die Drain-
Source-Spannung V,s spezifiziert sind.
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4 Diagrams

4.1 Power Dissipation P, =f (T)

The maximum permissible power dissipa-
tion is presented as a function of case
temperature T, or ambient temperature 7,.

4.2 Typical Output Characteristic
IL=f (Vns)

A plot is made of the typical dependence
of the drain current I, on the drain-source
voltage Vps at a given gate-source volt-
age Vgs. The chip temperature 7; and
pulse width are specified.

4.3 Safe Operating Area I, = f (Vps),
(SOA Diagram)

The maximum permissible drain current
Ip is shown as a function of the drain-
source voltage Vs for loading with contin-
uous direct current and with pulses of
varying width at the specified pulse duty
factor. The maximum permissible case
temperature is specified. All values of I
and Vg are allowed within this operating
area if the transistor is not thermally over-
loaded as a result. The Rpseny boundary
line can only be reached at gate voltages
210 V.

4.4 Typical Transfer Characteristic
In=f(Vas)

The diagram shows the typical depen-
dence of the drain current I, on the gate-
source voltage Vgs; the chip temperature
T, the pulse width and the drain-source
voltage Vs are specified.
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4.5 Typischer Einschaltwiderstand
RDS(on) =f (I D)

Aufgetragen ist der typische Einschaltwi-
derstand Rpsn in Abhéngigkeit vom Dra-
instrom I, bei 7; = 25 °C und unterschied-
lichen Gate-Source-Spannungen.

4.6 Einschaltwiderstand Ry, = f (T))

Dargestellt ist der Einschaltwiderstand in
Abhéangigkeit von der Chiptemperatur
Gber den zuldssigen Betriebsbereich, bei
spezifiziertem Drainstrom I, und Gate-
Spannung Vgs. Die 98-%- und 2-%-Kur-
ven stellen keine garantierten Grenzen
dar, sondern nur Erfahrungswerte.

Die Temperaturabhangigkeit des Ein-
schaltwiderstandes ist hauptséchlich
abhéngig von der Nennsperrspannung
des Transistors, sie ist bei 50-V-Typen
flacher als bei 1000-V-Typen und erklar-
bar durch die unterschiedliche Dotierung
des Silizium-Grundmaterials.

Der Einschaltwiderstand bei Erwarmung
kann nach folgender Formel berechnet
werden:

4.5 Typical Turn-On Resistance
Ros(on) =f(Ip)

A plot is made of the typical turn-on resis-
tance Rps.n) as a function of the drain cur-
rent I, at T;,=25°C and different gate-
source voltages.

4.6 Turn-On Resistance Rpsin) =f (T)

Turn-on resistance is shown as a function
of chip temperature over the safe operat-
ing area at a specified drain current I,
and gate voltage Vgs. The 98 % and 2 %
curves do not represent guaranteed limits
but are merely empirical values.

The temperature dependence of the turn-
on resistance depends primarily on the
rated reverse voltage of the transistor; its
slope is flatter for 50 V types than for
1000 V types and can be explained by
the different doping of the silicon basic
material.

Turn-on resistance during heating may
be calculated from the following formula:

R

ps(om T2 = Rpsomr1 X (1+

Alpha (T2-T1)
100 )

Tabelle fir den Temperaturfaktor Alpha
siehe Seite 92.
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Table for the temperature factor Alpha
see page 92.
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Vos Alpha Typ / Type
50V 0,43 Standard SIPMOS
60 V 0,45

100V 0,53

200V 0,62

400V 0,69

500 V 0,70

600 V 0,72

800 V 0,75

1000 V 0,77

250V 0,42 FREDFET
400 V bis/to 800 V 0,52

1000 V 0,56

Tabelle fiir den Temperaturfaktor Alpha

4.7 Drain-Source-Durchbruch-
spannung Vggpss (Bild 31)

Angegeben ist eine Konstante "b" in
Abhangigkeit von der Chiptemperatur
Uber den zulassigen Betriebstemperatur-
bereich, wobei folgender mathematischer
Zusammenhang gilt:

Table for the Temperature factor Alpha

4.7 Drain-Source Breakdown Voltage
Vierpss (Figure 31)

A constant, b, is shown as a function of
chip temperature over the permissible
operating temperature range; the follow-
ing mathematical relationship applies:

V(BH) Dss (T].)

=bxV

(BR)DSS (25°C)

Die Spannung Vgajpss (251 ist der angege-
bene Datenblattwert.
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The voltage Vigrypss s+ IS the value pre-
sented on the data sheet .



SIEMENS

Erlauterungen der Datenblattwerte
Explanation of Data Sheet Parameters

1.20 BUZ 338

SI1L00028

p 1.18

1 S

1.16
11‘14

1.12

1.10

1.08

1.06
1.04

AN

1.02

1.00 s

0.98 J/

0.96 LA
0.94 A4

0.92 /

[

0.90
-60-40-20 0 20 40 60 80 100 120 C150

_]'j

Bild 31
Drain-Source-Durchbruchspannung

4.8 Typische Ubertragungssteilheit
8is =f (ID)

Angegeben ist der typische Verlauf der
Ubertragungssteilheit abhangig vom
Drain-Strom. Die Pulszeit, die Drain-
Source-Spannung V,s und die Chiptem-
peratur 7; sind spezifiziert.

4.9 Gate-Schwellenspannung
Vasan =S (Tj)

Das Diagramm zeigt die Abh&ngigkeit des
Streubereiches der Gate-Schwellenspan-
nung Vesmy von der Chiptemperatur T, bei
folgenden Parametern: Vpg = Vs und Ip.
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Figure 31
Drain-source breakdown voltage

4.8 Typical Transconductance
gfs =f (ID)

The typical variation of conductance is
presented as a function of drain current.
The pulse time, the drain-source voltage
Vs and the chip temperature T; are speci-
fied.

4.9 Gate Threshold Voltage
VGS(!h) =f (Ti)

The diagram shows the dependence of the
variation range of the gate threshold volt-
age Vegw ON the chip temperature 7; for
the following parameters: Vg = Vs and I,
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4.10 Typische Kapazitdten C =f (Vys)

Dargestellt sind die typischen Kennlinien
der Eingangskapazitdt Css, Ausgangska-
pazitdt Coss und Ruckwirkungskapazitét
C.s in Abhangigkeit von der Drain-Source-
Spannung Vps bei einer Frequenz
f=1MHz und einer Gate-Source-Span-
nung Ves =0 V.

4.11 Typische und maximale
DurchlaBkennlinie "Inversdiode"

Isw=f (VSD)

Dargestellt ist die Abhéangigkeit des gepul-
sten Inversdioden-Gleichstroms I, von
der Inversdioden-DurchlaBspannung V.
Die Pulsbreite 7, und die Chiptemperatur T,
sind spezifiziert.

4.12 Drainstrom I, = f (T)

Gezeigt wird der maximal zulassige Drain-
gleichstrom in Abhé&ngigkeit von der
Gehéusetemperatur T, bzw. Umgebungs-
temperatur 7, bei durchgeschaltetem
Transistor, d.h. bei Vo 10V

4.13 Avalanche Energie E,s = f (T))

Das Diagramm zeigt den Verlauf der
maximalen Einzelpuls-Avalanche-Ener-
gie E,s in Abhangigkeit der Chiptempera-
tur bei Nennstrom und spezifizierter Ver-
sorgungsspannung Vp,, Gate-Source-
Widerstand Rz sowie der Induktivitdt L
(siehe auch Abschnitt 2.1.6).
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4.10 Typical Capacitances C = f (Vps)

The typical characteristics of the input
capacitance Cys, the output capacitance
Coss and the reverse transfer capacitance
C,, are shown as a function of the drain-
source voltage V,s at a frequency

f=1MHz and a gate-source voltage

VGS =0 V.

4.11 Typical and Maximum "Inverse
Diode" Forward Characteristic

Ism =f(VSD)

The dependence is shown of the pulsed
inverse diode direct current I, on the
inverse diode forward voltage Vg,. The
pulse width 7, and the chip temperature T;
are specified.

4.12 Drain Current I, =f (T)

The maximum permissible DC drain cur-
rent is shown as a function of the case
temperature T, or ambient temperature 7,
for a through-connected transistor, i.e. at
Ves =10 V.

4.13 Avalanche Energy E,s =f (T)

The diagram shows the variation of the
maximum single-pulse avalanche energy
E,s as a function of chip temperature at
rated current and the specified supply
voltage Vyp, the gate-source resistance
Rss, as well as the inductance L (refer
also to Section 2.1.6).
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4.14 Transienter Warmewiderstand
Zynsc =f(tp)

Das Diagramm zeigt den Verlauf des transi-
enten Warmewiderstandes Z,,c bei spezifi-
ziertem Tastverhdltnis D =1,/ T in Abhangig-
keit von der Belastungszeit 1, (Pulsbreite).

4.15 Typische Gate Ladung
VGS =t (QGate)

Das Diagramm zeigt den typischen Ver-
lauf der erforderlichen Gate-Ladung bei
gegebener Gate-Source- und  Drain-
Source-Spannung, um einen Transistor
mit dem spezifizierten Strom einzuschal-
ten.

Die Gate-Ladung setzt sich zusammen
aus der Ladung Qgs, die benétigt wird, um
die Gate-Source-Kapazitat Cgs aufzula-
den. Wahrend dieser Phase — nach Errei-
chen der Gate-Schwellenspannung Vgsg
— steigt der Drainstrom auf seinen spezifi-
zierten Wert an, und die Drain-Source-
Spannung sinkt anschlieBend ab. Bis
jedoch diese Spannung Vs auf ihren
eigentlichen Restwert abgesunken ist,
muf3 die Gate-Drain-Kapazitat (Millerkapa-
zitat) entladen werden. Dieser Ladungs-
anteil ist als Gate-Drain-Ladung Qg defi-
niert.

Die Ladung Qg = Qs + QOep reicht noch
nicht aus, den Transistor voll einzuschal-
ten, da die Restspannung bzw. der Drain-
Source-Einschaltwiderstand noch nicht
minimiert ist. Erst bei einer Ladung ent-
sprechend einer Gate-Source-Spannung
von Vg = 10 V wird der Einschaltwider-
stand und damit die statischen Verluste
optimiert. Diese Gesamtladung Qg ist
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4.14 Transient Thermal Resistance
Zinc =.f(tp)

The diagram shows the variation of the
transient thermal resistance Z,, for the
specified pulse duty factor D=1,/T as a
function of the loading time ¢, (pulse width).

4.15 Typical Gate Charge
Vas =t (Qaate)

The diagram shows the typical variation
of the requisite gate charge at the given
gate-source and drain-source voltages
for turning on a transistor with the speci-
fied current.

The gate charge comprises the charge
QOas, Which is required for charging the
gate-source capacitance Cgs. During this
phase, after the gate threshold voltage
Vasiy has been reached, the drain current
rises to its specified value, and the drain-
source voltage then falls. But until this
voltage Vps has fallen to its actual resid-
ual value, the gate-drain capacitance
(Miller capacitance) has to be dis-
charged. This charge component is
defined as the gate-drain charge Qgp.

The charge Qg = Qas + Qcp iS Not suffi-
cient fully to turn on the transistor since
the residual voltage and the drain-source
turn-on resistance have not yet been min-
imized. Only with a charge corresponding
to a gate-source voltage of Vo =10V are
turn-on resistance, and thus static losses,
optimized. This whole charge Qg
depends on the drain-source voltage that




SIEMENS

Erlauterungen der Datenblattwerte
Explanation of Data Sheet Parameters

von der zu schaltenden Drain-Source-
Spannung abhéngig, die Hohe des zu
schaltenden Drainstroms hat auf die not-
wendige Gesamtladung nur geringen
EinfluB.

Das Diagramm wurde meBtechnisch nach
dem Prinzipschaltbild 40 bei einem Kon-
stant-Ladestrom 1,5 mA ermittelt. Das gibt
dem Anwender die M©dglichkeit, nach
Q=ixrt den Ladestrom oder die Ein-
schaltzeit entsprechend den Anforderun-
gen einzustellen bzw. eine Ansteuerschal-
tung entsprechend zu dimensionieren.

Beispiel

Ein Schaltnetzteil soll mit einem BUZ 71 A
Transistor mit 100 kHz getaktet werden.

has to be switched; the magnitude of the
drain current that has to be switched has
little influence on the requisite overall
charge.

The diagram was determined by mea-
surement in keeping with the basic ‘cir-
cuit diagram 40 at a constant charging
current of 1.5 mA. This makes it possible
for the user to adjust the charging current
or turn-on time according to Q=ixr,
depending on the requirements, and to
dimension his drive circuit accordingly.

Example

A switched-mode power supply is to be
switched with a BUZ 71 A transistor at
100 kHz:

Gegeben: Gesucht: Given: Sought:
Spannung Steuerstrom Igeer Voltage Drive current I,
Vos =40V Vps =40V

Schaltzeit Steuerleistung Pgeuer Switching time Drive power P,
tony = 100 Ns tony = 100 Ns

Frequenz Frequency

f=100 kHz f=100 kHz

Drainstrom Drain current

IDpuIs =18A IDpuIse =18 A

Steuerspannung Drive Voltage

Ves =10V Ves=10V

Semiconductor Group



Erlduterungen der Datenblattwerte
SI E MEN S Explanation of Data Sheet Parameters

1. Rechnung: Steuerstrom Calculation 1: Drive current

QGata tot = 24'5 nc
Iiive =24.5 NC/100 ns
Igve= 245 MA

Die Ansteuerung muB mindestens fir  The drive circuit must be designed for at
Lyive = 245 MA ausgelegt sein. least Iy, = 245 mA.

2. Rechnung: Steuerleistung Calculation 2: Drive power

Parive = Qaatetor X Vas X f=24.5nC x 10 V x 100 kHz
Pyive = 24.5 mW

Fur den Einschaltvorgang betragt dann die  The average Drive power for turn-on is
mittlere Steuerleistung Pgieuer = 24,5 MW. then Pg; = 24.5 mW.
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15 BULTIA $IL00029
Ves 1!
Vs =10V
12 ov.
T 11 } L 4i 1 >/,
- Qs 1ot e
10
o LLLLTTTTTTIIITTT LI
8 ~ Qs Qo // /]
7
6
5 /
4
3
Ny
1 [
O0 2 4 6 8 10121416 18 20 nC 25
— Qgate

Bild 32 Figure 32

Typische Gate-Ladung Vs = f (Qcate) Typical gate charge Vs = f (Qcate)
(Beispiel: BUZ71 A, (example: BUZ 71 A,

Parameter: I, = 18 A) parameter: I, = 18 A)
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Erlduterungen der Datenblattwerte
Explanation of Data Sheet Parameters

5 MeBschaltungen
(entsprechend
DIN IEC 747 T8)

Die in den Datenblattern fir die spezifi-
zierten Parameter angegebenen Tempe-
raturwerte sind bei den jeweiligen Mes-
sungen einzuhalten.

5.1 Drain Strom I,,, Inss

5 Test Circuits (Conforming
with DIN IEC 747 T8)

The temperature values presented in the
data sheets for the specified parameters
must be observed in the measurements
concerned.

5.1 Drain Current I, Ipss

HONE -

SIL00030

Bild 33

Prinzipschaltbild zum Messen des
Drainstromes I, und des Drain-Rest-
stromes Ipg

Der Widerstand R dient als Schutz. Die
spezifizierte Gate-Source-Spannung Vg
wird eingestellt. Ist Vos =0 V spezifiziert,
so muf3 die Gate-Source-Strecke kurzge-
schlossen werden.

Semiconductor Group

Figure 33

Basic circuit diagram for measuring
the drain current I, and the drain
cutoff current Ipgs

The resistor R is used for protection. The
specified gate-source voltage Vs is set.
If Ves =0V is specified, the gate-source
junction must be shorted.
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5.2 Drain-Source-Einschaltwider-
stand Rpson)

5.2 Drain-source ON Resistance
RDS(on)

Bild 34
Prinzipschaltbild zum Messen des Ein-
schaltwiderstandes Rpsn

Allgemein wird der Einschaltwiderstand
Rosony iIM Bereich der Sattigung gemes-
sen. Der Innenwiderstand des Voltmeters
Vos muB wesentlich gréBer sein als der
zu messende Einschaltwiderstand Rpson)-

5.3 Gate-Schwellenspannung Vs

(Siehe Prinzipschaltbild 33 zum Mes-
sen des Drainstromes ;). Die Gate-
Source-Spannung, betragsgieich Drain-
Source-Spannung Vps, wird vom Wert
Null ausgehend langsam erhéht, bis der
spezifizierte Drain-Strom I, erreicht ist.

Semiconductor Group
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Figure 34
Basic circuit diagram for measuring
the ON resistance Rpsn

The ON resistance, Rpsen, IS generally
measured within the saturation range.
The internal resistance of the voltmeter
Vps must be considerably higher than the
ON resistance to be measured, Rpg .

5.3 Gate-Source Threshold Voltage
VGs(m)

(Refer to the basic circuit diagram 33 for
measuring the drain current I,). The gate-
souice voitage, equal in magnitude to the
drain-source voltage Vs, is increased
slowly, starting from zero, until the speci-
fied drain current I, is reached.
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Erlduterungen der Datenblattwerte
Explanation of Data Sheet Parameters

5.4 Gate-Source-Leckstrom /g

5.4 Gate-Source Leakage Current I

N

Electrostatic
screen

SIL00032

Bild 35
Prinzipschaltbild zum Messen des
Gate-Source-Leckstromes I

R, und R, als Schutzwiderstande. R, soll
kleiner sein als V5/100 X Igss. V; ist ein sehr
empfindliches Voltmeter mit einem Innenwi-
derstand von mindestens 100 x R,. Der
Leckstrom ist gegeben durch Iggs = Vi/R;.
Die Schaltung muf3 elektrostatisch abge-
schirmt werden. AuBerdem ist darauf zu
achten, daf3 die Messung nicht durch Leck-
strome verfalscht wird, die eventuell durch
die Schaltungsanordnung entstehen.

Semiconductor Group
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Figure 35
Basic circuit diagram for measuring
the gate-source leakage current /s

R, and R, are used as protective resistors.
R4 should be lower than V5/100 X Igss. V4
is a very sensitive voltmeter having an
intrinsic resistance of at least 100 x R,. The
leakage current is given by Igss = Vi/R,.
The circuit must be electrostatically
screened. In addition, care must be taken
to ensure that the measurement is not fal-
sified by leakage currents which might
possibly occur on account of the circuit
arrangement.
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Explanation of Data Sheet Parameters

5.5 Transistor Schaltzeit

5.5 Transistor Switching Time

== $IL00033

Bild 36

Prinzipschaltbild fiir die Messung der
Transistor-Ein- und Ausschaltzeit,
Definition der Schaltzeit nach Bild 29

Die Schaltzeiten sind vor allem vom
Gatewiderstand Rgs, Innenwiderstand der
Ansteuerung R, (Pulsgenerator), Versor-
gungsspannung Vp,, Lastwiderstand R,
sowie der Steuerspannung Vs abhangig.
Wegen meBtechnischen und Vergleichs-
grinden wurde die oben skizzierte Ein-
heitsschaltung verwendet.

Semiconductor Group
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Figure 36

Basic circuit diagram for measuring
transistor turn-on and turn-off times,
definition of switching time, as
Figure 29

The switching times depend primarily on
the gate resistance Rgs, the intrinsic resis-
tance of the drive R, (pulse generator),
the supply voltage Vg, the load resis-
tance R, and the control voltage Vss. The
standard circuit shown above was used
for testing and for comparative reasons.
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5.6 Eingangskapazitat Css

5.6 Input Capacitance Css

Capacitance

e.g. HP4280A |

—D
Cy ')
. G
brid 9
ridge —l ‘ HS

Bild 37

Prinzipschaltbild zum Messen der Ein-
gangskapazitat Css beim Verwenden
einer MeBbriicke ohne Gleichstrom-
durchgang

Die Kapazitaten C, und C, missen fir die
MefBfrequenz einen ausreichenden Kurz-
schlu3 darstellen. Die Induktivitat L soll
die Gleichstromversorgung entkoppeln.

Semiconductor Group
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Figure 37

Basic circuit diagram for measuring
input capacitance Ciss when using a
bridge without the passage of direct
current

Capacitors ¢, and C, must form an ade-
quate short-circuit for the test frequency.
Inductor L decouples the D¢ supply.
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Erlduterungen der Datenblattwerte
Explanation of Data Sheet Parameters

5.7 Ausgangskapazitit Coss

5.7 Output Capacitance Cogss

Cs
Il .
] Capacitance
bridge
D e.g. HP 4280 A
G
S
—7_'L Ves (== Cy== Vs _7‘4-
_L SIL00035
Bild 38 Figure 38

Prinzipschaltbild zum Messen der Aus-
gangskapazitat Coss beim Verwenden
einer MeBbriicke ohne Gleichstrom-
durchgang

Die Kapazitaten C,, C, und C; mlssen fir
die MeBfrequenz einen ausreichenden
KurzschluB3 darstellen. Die Induktivitat L
entkoppelt die Gleichstromversorgung.

Semiconductor Group

Basic circuit diagram for measuring
output capacitance Coss When using a
bridge without the passage of direct
current

Capacitors C,, C, and C, must form an
adequate short-circuit for the test fre-
quency. Inductor L decouples the D, sup-

ply.
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5.8 Riickwirkungskapazitit C,., 5.8 Reverse Transfer Capacitance C,,,
[D
A
RZ
Ry Ly G
— 1. s (L)
‘. G Compensation ‘.
| capacitance —
7~ Ves —"—__l bridge 7
e.g. HP 4280 A
_L SIL00036
Bild 39 Figure 39
Prinzipschaltbild zum Messen der Basic circuit diagram for measuring
Ruckwirkungskapazitét C,.. beim Ver- reverse transfer capacitance C,
wenden einer MeBbriicke ohne Gleich-  when using a bridge without the pas-
stromdurchgang sage of D current

Die Kapazitaten C, und C, mussen fir die  Capacitors C, and C, must form an ade-
MeBfrequenz einen ausreichenden Kurz-  quate short-circuit for the test frequency.
schluf3 bilden. Die Induktivitdten L, und L,  Inductors L, and L, decouple the D supply.
sollen die Gleichstromversorgung ent-

koppeln.
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Explanation of Data Sheet Parameters

5.9 Gate-Ladung Qg...

5.9 Gate Charge Qg.:.

+
O
+20V
| O—
+
2,7kQ l A = =
[] O1 000uF |  47nF
[ =const.
+
ﬂ_ 1000 K>BCGZ>7
—h™ BC637 -—
Input 50Hz >
50Q
o 0
4 L
Bild 40 Figure 40
Basic circuit diagram for measuring

Prinzipschaltbild zum Messen der
Cata_l adiina N
Y Gate

NAALC TG
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1 Qualitat

Der Bereich Halbleiter (HL) der Siemens
AG plant, entwickelt, fertigt und vertreibt
ein breites Spektrum von Halbleiter-Bau-
elementen und optoelektronischen Kom-
ponenten und erbringt die dazu erforderli-
chen Dienstleistungen.

In diesem Markt ist hohe Qualiét der Pro-
dukte, aber auch der zugehérigen Leistun-
gen eine unerléaBliche Voraussetzung. Der
Bereich Halbleiter hat deshalb ein umfas-
sendes Qualitdtskonzept, “Total Quality
Management”’ (TQM) eingefuhrt. Die Qua-
litatsgrundsétze sind in der Qualitatsord-
nung des Bereichs Halbleiter festgelegt.

Wesentliche Bestandteile des TQM-Kon-
zeptes sind ein Qualitdtsprogramm und
ein Qualitatssicherungssystem. Das Qua-
litdtsprogramm beschreibt die allgemeinen
Qualitatsziele — wie das Null-Fehler-Kon-
zept fir alle Leistungen — und die speziel-
len Ziele fir Produkte und Prozesse, d.h.
das in bestimmten Zeitrdumen zu errei-
chende Maf an Fehlerfreiheit und Zuver-
lassigkeit.

Das Qualitdtssicherungssystem regelt
Verantwortung und Zustandigkeiten fur
Qualitdt und Qualitatssicherung. Es legt
Ablaufe fest, um die Verwirklichung der
Qualitatsziele zu erreichen und nachzu-
weisen.

Das Qualitatssicherungssystem des HL
deckt wichtige nationale und internatio-
nale Normen ab, insbesondere die flir den
Vertragsfall vorgesehenen Normen der
Reihe DIN ISO 9000. Es ist entsprechend
zertifiziert.

Semiconductor Group

1 Quality

The Semiconductor Group (HL), a unit of
the Siemens AG plans, develops, manu-
factures and markets a wide spectrum of
semiconductor components and opto-
electronic components and supplies the
necessary respective services.

In this market a high quality of the prod-
ucts, as well as the proper services is an
indispensable requirement. Therefore the
Semiconductor Group has implemented
an extensive quality concept, “Total Qual-
ity Management”. The quality fundamen-
tals are defined in the Quality Policy of
the Semiconductor Group.

A quality program and a quality assur-
ance system are essential elements of
the TQM concept. The quality program
describes the general quality goals — like
the zero-defect-principle for all products
and services — and the particular goals
for products and processes, meaning the
freedom from defects and the level of reli-
ability, which have to be achieved in a
given period of time.

The quality assurance system defines the
responsibility and authority for quality and
quality assurance. It defines procedures
to achieve and to verify the realization of
the quality goals.

The quality assurance system of HL covers
important national and international stan-
dards, particularly those of the DIN ISO
9000 series, which are intended for con-
tractual situations. It has achieved the rele-
vant certificates.
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2 Qualitatsprogramm

Der Geschéaftszweig SIPMOS-Halbleiter
hat das Ziel, durch standige Verbesse-
rungen seiner Produkte und Servicelei-
stungen die Kundenerwartungen zu erful-
len.

2 Quality Program

The aim of the SIPMOS semiconductors
division is to satisfy customer expecta-
tions through constant improvement of its
products and services.

|

Kundenerwartungen
erflllen
Satisfy customer
expectations

L

Bild 41
Qualitat auf solider Basis
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Marktgerve'é'r{tr; Produkte ‘
1 Market-conforming products

[ Ruckkopplung der Kundenerfahrung
} Feedback of customer experience

Fehlerwiederkehr ausschlieBen
Prevent defect repetition

Fehlerursachen beseitigen
Eliminate defect causes
‘ Uberwachung der Prozesse (SPC)
‘ Process monitoring (SPC)
Schulung der Mitarbeiter; Qualitats-Gruppenarbeit
Employee training; quality circles

| Entwicklhng robuster Prozesse und Produkte
Development of rugged processes and products
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Figure 41
Quality on a firm basis



Qualitat und Zuverlassigkeit
SIEMEN S Quality and Reliability

3 Qualitatssicherungssystem

Der FertigungsfluBplan zeigt:

e den prinzipiell mit ProzeBkontrollen
abgesicherten FertigungsfluB sowie die
Ausgangskontrolle fertiger Bauelemente

* den Ablauf fur standige Verbesserungen

/ T
/ /_\ // \‘\\\
Material ) <__Eingangskontrolle -
/ \\‘
~— -
S S - T
. . T~
t Scheibenfertigung " ProzeBkontrolle -
-~
[ Elektr. Scheibenmessung it
e < Scheibenfreigabe
L T e \\‘/
T
< ProzeBkontroIIe>»-~ e —_—
Montage T~ T~ ‘
o r < Losfreigabe > [ B R
o e [ T~ _— .
S~ Korrektive
A - _— — ,,,,,,,,,,,,,,,,,,,,J MaBnahmen
— — - — //,,/' T ‘_\\\ e —
Endprufung <__ Stichprobe > R Lw _
- J - T Fehleranalyse—}
/ \
\/ I mmeme
\1.. ger I -
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i
e~
Kunde }j—————— :;fﬁundenrﬁckmeldung[; S — —
~
- -~
Bild 42
FertigungsfluBplan
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3 Quality Assurance System

The production flowchart shows:

¢ Production, routinely assured by in-pro-
cess inspections and the outgoing
inspection of finished components

¢ The process of continuous improvement

Wafer process Process control

T
Wafer probe & dicing wr\d‘@

Process control

Assembly T~

T nternal lot acceptanc:
Corrective
actions
Final testing 4@ —

T Failure analysis

|

Warehou Reiiabiiity iest/— F
@ Customer feedback
Figure 42

Production flowchart
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4 Chip-Technologie

Bei der Zuverlassigkeit von SIPMOS-
Halbleitern werden die Bereiche mechani-
scher Aufbau, Montage und Chip-Techno-
logie berlcksichtigt. SIPMOS-Halbleiter
werden auf millionenfach bewéhrten Ferti-
gungslinien montiert. Stabilitdt und damit
die Zuverlassigkeit wurde bei der Chipent-
wicklung besonders bericksichtigt.

Der Querschnitt eines SIPMOS-Chipran-
des ist in Bild 43 dargestellt. Die Oberfla-
che ist durch Feldplatten, bestehend aus
Polysilizium bzw. Aluminium abgedeckt.
Dies gilt nicht nur fur die Randzone, son-
dern fir die gesamte Oberflache des akti-
ven Systems. Damit ist der SIPMOS
gegen auBere Einflisse, wie bewegliche
lonen, abgeschirmt. Der Channel-Stopper
verhindert die Ausdehnung der Raumla-
dungszone zum Rand. Durch den liicken-
losen Schutz des SIPMOS gegen &uB3ere
Einflisse wird eine hohe Stabilitdt und
Zuverlassigkeit auch bei Feuchteeinwir-
kung erreicht.

Semiconductor Group
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4 Chip Technology

When it comes to the reliability of SIP-
MOS semiconductors, attention is paid to
mechanical design, mounting and chip
technology. SIPMOS semiconductors are
manufactured on production lines that
have already been used to produce mil-
lions of transistors. Stability, and thus
also reliability, received special attention
during chip development.

The cross-section of a SIPMOS chip
edge is illustrated in Figure 43. The sur-
face is covered with field plates consist-
ing of polysilicon and aluminum. This
applies not only to the edge region but to
the complete surface of the active system
as well. In this way the SIPMOS is
shielded against external influences,
such as ion mobility. The channel stopper
prevents the space-charge region from
expanding to the edge. Complete protec-
tion of the SIPMOS against external influ-
ences means that high stability and reli-
ability are assured in humid conditions.
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Bild 43
Querschnitt eines SIPMOS-Chiprandes

Semiconductor Group

Chiprand Cell array
Poly drain ring
(Channel stopper)
Al drain contact Al source ring Al gate ring
Source
Si0 Poly Si
Epitaxy n— Y pt
Substrate n+
" ! Drain
I
© Metal $IL00049
+
—
Figure 43

Cross-section of SIPMOS chip edge
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5 Auslieferqualitat

Zweimalige 100-%-Priifung

Alle SIPMOS-Halbleiter werden bei fol-
genden Parametern einer zweimaligen
100-%-Prufung unterzogen.

5 Delivery Quality

Double 100 % testing

All SIPMOS semiconductors are twice
subjected to 100 % testing of the follow-
ing parameters.

Parameter
(Definition siehe Erlduterungen der
Datenblattwerte)

Parameters
(see Explanation of Data Sheet
Parameters for definition)

Drain-Source- Verpss Drain-source breakdown Vieross

Durchbruchspannung voltage

Gate-Schwellenspannung Vasih) Gate threshold voltage Vst

Drain-Reststrom Ioss Zero gate voltage drain Inss
voltage

Gate-Source-Leckstrom Isss Gate-source leakage current | Igss

Drain-Source- Roson) Drain-source ON resistance | Rpsion)

Einschaltwiderstand

Ubertragungssteilheit 8ts Forward transconductance | g

Inversdioden-DurchlaBspan- Vso Reverse-diode forward Vso

nung voltage

Avalanche Energie, Einzelpuls | Exg Avalanche energy, single Exs
pulse

AOQL: Anzahl der fehlerhaft
gelieferten Bauelemente

Die Typenstichprobe mit AQL ist aus-
schlieBlich von dem wirtschaftlich noch ver-
tretbaren  Stichprobenumfang bestimmt
(z.B. AQL0,1: n=125,c=0).

Bedingt durch den hohen Qualitatsstand
der Fertigung und mehrfachen elektri-
schen Prifungen bei unterschiedlichen
Temperaturen bewegt sich die Anzahl von
ausgelieferten fehlerhaften Bauelementen
im dpm-Bereich (dpm = Defekte per Mil-

Semiconductor Group

AOQL: Number of Defective
Components

Final clearance is in accordance with
industry standards (e.g. AQL 0.1: N =125,
c=0).

Based on the high quality level achieved
in production and the numerous electrical
tests performed at various temperatures,
the number of defective units delivered is
in the dpm (defects per million) range,
corresponding to the AOQL = Average
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lion, das entspricht dem AOQL = Average
Outgoing Quality Level).

Das angestrebte Ziel von 10 dpm fir elek-
trische und 20 dpm fur mechanische Aus-
falle ist nahezu erreicht. Diese Aussage
ermdglicht es uns zu klaren, ob der durch
die Typenstichprobe festgelegte dpm-
Level (statistische Absicherung) mit dem
tatsadchlichen  Qualitatsstand (100 %)
Ubereinstimmt.

6 Zuverlassigkeitspriifungen

Die Einhaltung der Anforderungen an
SIPMOS-Halbleiter der in der Tabelle 1
festgelegten Bedingungen zur Simulation
dingungen, ist eine Selbstverstandlich-
keit. Die dabei angegebenen LTPD-Level
entsprechen einer statistischen Stichpro-
benabsicherung.

Aus den vierteljahrlich durchgefiihrten
Requalifikations-Tests kann eine Ausfall-
rate von < 10 Fit errechnet werden.

Outgoing Quality Level).

The goal of 10 dpm for electrical and 20
dpm for mechanical defects has virtually
been achieved. This statement allows us
to examine whether the dpm level deter-
mined at final clearance (statistical guar-
antee) is in agreement with the actual
quality (100 %).

6 Reliability Tests

It is self-evident that SIPMOS Semiconduc-
tors meet the requirements described in
Table 1, which simulate extreme environ-
mental and oprating conditions. The LTPD-
level given merely reflects the statistical
sampling check.

A failure rate of <10 Fit can be calcu-
lated as a result of our quarterly requalifi-
cation test.

1 Fit21 Fehlerin 10° Bauelemente x Std.

1 Fit 1 defect within 10° devices x hours

Vor Freigabe neuer Produkte missen
Zuverlassigkeitstests bestanden werden.
Diese Tests werden an Leitprodukten aus
laufender Fertigung periodisch fortge-
setzt. Die Tests wiederum sind eine Aus-
wahl aus Tabelle 1.

Semiconductor Group

Reliability tests have to be passed before
new products are approved. These tests
are continued at regular intervals on
generic reference types taken from cur-
rent production. The tests are a selection
of those listed in Table 1.
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Failure Criteria According to MIL-STD 19500

IGSS
IDSS
R DS(on)
VGS(th)

Rincy

max. variation: + 20 nA or £ 100% of initial value, whichever is greater.

max. variation: = 100 pA or £ 100% of initial value, whichever is greater.

max. variation: £ 20% from initial value.

max. variation: £ 20% from initial value.

max. variation: £ 20% from initial value.

Tabelle 1

Qualifikationstest fiir SIPMOS-

Table 1

Quality Approval Test Specification for

Halbleiter SIPMOS Semiconductor
No. |Test Conditions Standard LTPD
01 High Temperature 1000 h at Tygmax DINIEC 68 Part2-2 |5
Storage Test Ba
02 Low_Temperature Stor- | 168 h at Ty min DINIEC 68 part2-1 |5
age Test Aa
03 High Temperature 1000 h, Vosmaxs T max DIN 41794, IEC 147-4 |5
Reverse Bias
04 High Temperature 1000 h, Vasmaxs T max DIN 45 930, 5
Gate Stress CECC 50 000 4.5.2
05 High Humidity High 1000 h, 85°C, 85 % R, | DIN 45 930, 5
Temperature Storage CECC 50 000 4.4.3
unbiased
06 High Humidity High 1000 h, 85°C, 85 % Ry | DIN 45 930, 5
Temperature Reverse | Vps =80 % Vpgmax, but | CECC 50 000 4.4.3
Bias max. 80 V
07 Temperature Cycling 100 cycles of Tc plus |- 7
plus Pressure Cooker |96 h, 119°C, 100 % Ry
Test 100 kPa (1 bar)
08 Temperature Cycling 1000 cycles at Tygme - | DIN IEC 68 part 2-14 |7
Tegmins DUt max. 150°C | Test Na
09 Power Cycling 10,000 cycles, IEC 147-4, 7
d7; = dT} .. - 50 K, but | DIN 41 794
max. 100 K
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No. |Test Conditions Standard LTPD
10 Resistance to Solder |260°C +5 K, DIN IEC 68, Part2-20 | 10
Heat 10s+1swave Test Tb
11 Resistance to Solder [{260°C 5K, SN 53 063, Part 2 5
R, 2 Relative Humidity | 10 s+ 1 s, wave
12 Resistance to Solder [215°C+5K, SN 53 063, Part 2 5
Heat for SMD Devices |2 x (40 £+ 1) s, reflow
13 Solderability 235°C+5K, DIN IEC 68, Part 2-20 | 10
(aging 3) Test Ta
14 Vibration for Hermetic | In accordance with DIN IEC 68, Part2-6 |10
Devices Standard Test Fc
15 Seal Test for Hermetic | > 107 torr/s DIN IEC 68, Part2-17 | 10
Devices (helium test) Test Qk
16 Pull Test In accordance with DIN IEC 68, Part2-21 |10
Standard Test Ual
17 Bending Test In accordance with DINIEC 68, Part2-21 | 10
Standard Test Ub
Tabelle 1 Table 1

Qualifikationstest fiir SIPMOS-Halb-
leiter

7 CECC-Gitebestatigungs-
system

Die Qualifikation nach CECC umfaft
neben der periodischen Quaiifikation der
Bauelemente die Qualifikation der Schei-
benfertigung, der Montagelinien und des
fur die Durchfiihrung der Tests verant-
wortlichen Priiflabors.

Semiconductor Group

Quality Approval Test Specification for
SIPMOS Semiconductor

7 CECC Quality Assessment
System

Apart from the periodic qualification of
componenis, CECC qualification covers
wafer fabrication, assembly lines and the
test laboratory responsible for performing
testing.
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Mounting Instructions

1 Montagehinweise

Jeder SIPMOS-Halbleiter ist durch die
aufgestempelte Typen- und Polaritatsbe-
zeichnung eindeutig gekennzeichnet. Die
Einbaulage der Halbleiter ist beliebig.

1.1 Bedrahtete Halbleiter im TO-218/
TO-220-Gehause

Anlieferform:

¢ Schiene

Biegevorschriften bei TO-218/TO-220-
Anschliissen

Vor dem Einbau sind die Anschllsse auf das
jeweilige Abstandsmaf3 der Létanschiuf3-
punkte zu biegen.

Dabei ist ein Biegeabstand von = 2 mm ein-
zuhalten. Der Biegeradius darf nicht kleiner
als 0,5 mm sein. Ein Abbiegen der Dréhte
direkt am Gehéuse ist unzulassig.

Das Abwinkeln der Anschliisse soll in einer
Biegevorrichtung erfolgen. Wéhrend des Bie-
gevorganges muf3 der zwischen Biegestelle
und Gehduse liegende AnschiuBteil von
mechanischen Zugspannungen entlastet
werden. Notfalls kdénnen die Anschlisse
auch von Hand gebogen werden. Dabei mu3
das AnschluBBende zwischen Biegestelle und
Halbleiterkérper mit einer Zange festgehalten
werden, ohne Einkerbungen zu verursachen.
Pro AnschluB3 ist nur ein einmaliges Abwin-
keln auf einen Winkel von max. 90° erlaubt.
Ein Abbiegen der Anschlisse auf andere
Rastermafe ist méglich, jedoch missen die
Anschlisse ebenfalls mechanisch durch
geeignete Vorrichtungen gesichert werden.
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1 Mounting Instructions

Every SIPMOS semiconductor is clearly
identified by a stamp containing its type
and polarity marking. The semiconduc-
tors may be mounted in any position.

1.1 Leaded Semiconductors in
TO-218/TO-220 Package

Packing:
e Tube

Bending Instructions for TO-218/TO-
220 Leads

Prior to mounting, the leads must be bent
to the relevant pitch of the solder pads.

In doing so, the bend pitch must be
>2mm. The bend radius must not be
less than 0.5 mm. The leads must not be
bent directly onto the package.

The leads should be shaped in a bending
device. The part of the lead between the
point of bending and the package must
be relieved of tensile stress during the
bending process. If necessary, the leads
may also be bent by hand. In this case
the end of the lead between the point of
bending and the semiconductor case
must be held with pliers in such a way
that no notches are caused. One-shot
shaping is permitted, per lead, to an
angle of not more than 90°. The leads
may be bent to other pitch rasters but,
again, the leads must be mechanically
secured by means of suitable devices.
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Die Zugfestigkeit der Anschlisse in axia-

ler Richtung betréagt max. 20 N.

Montageteile

Alle hier angefiihrten Montageteile gehoren
nicht zum Lieferumfang. Bitte wenden Sie

sich an die entsprechenden Fachfirmen.

Montagebeispiele

The tensile strength of the leads in an
axial direction is 20 N at most.

Mounting Parts

All the mounting parts listed here are
options. Please contact the specialized

companies concerned.

Examples of Mounting

Non-Insulated Construction with Spring Clip

Hole grid in chassis

7.6
7.4+
Spring clip
T0-218 3.5mmT *
.5min
)| % A/ez2A %’«3%% <—+
Chassis thickness s= 1.9 bis 2.1mm kezzd b %I ?
Contact pressure F= 100 bis 250N
Insulated Construction with Spring Clip Hole grid in chassis
7.6
7.4+
Spring clip
Ineutating plt
nsulating plate ] 3.5min
¥
Chassis thickness s= 1.9 bis 2.1mm bezd i 2 A, ?
Contact pressure f= 100 bis 250N
Bild 1 Figure 1

Kunststoffgehduse TO-218
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Plastic package TO-218




S| EMENS Verarbeitungsrichtlinien

Mounting Instructions

Non—Insulated Construction with Spring Clip Hole grid in chassis

1

402
10-220 1.6.9, 12_05 | [1.8min }
— | |-— | |-————

|\ % AV 24 s
Chassis thickness s= 1 bis 2mm f
Contact pressure F= 100 bis 250N

SIL00060

Spring clip W
=

Insulated Construction with Spring Clip Hole grid in chassis
1
Spring clip 5 E 4_
ro-az O 1.6 H 16.8 1.8mi ;,z
Insulating plate O-02_| | - -05 omin
)| % AzzA i i
eZZar A7 s
Chassis thickness s= 1 bis 2.5mm
Contact pressure F= 100 bis 250N SIL0006
Kunststoffgehduse TO-220 Plastic package TO-220
Schraubbefestigung Screw mounting
Das empfohlene Anzugsdrehmoment The recommended mounting torque
fur Schrauben M3 und M3,5 betragt for M3 and M3.5 screws is 60 Ncm
60 Ncm bei einem Schraubenwerk- with the screw material 5.8.
stoff 5.8. This results in a mounting force of
Daraus resultiert eine Anzugskraft max. 1600 N.
von max. 1600 N.
Kunststoffgehduse TO-218, TO-220 Plastic package TO-218, TO-220
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Non-Insulated Construction with Screwed Connection
| |
} W W M4 Screw
I i
! !
[T inam|
|
i
|
|
—

|

T0-3 (T0-204)

Z tezzzz Heat sink
|
; i Shim

— ! Eyelet

- e i

= = Spring washer

% —‘T' M4 nut

$1L00050

Bild 2

Metallgehéduse TO-3 (TO-204)

Achtung!

Bei isolierter Montage der Gehaduse TO-204,
TO-218 und TO-220 ist der erhéhte Wérme-
Ubergangswiderstand vom Halbleiter zum
Ktihikérper zu beachten.

1.2 Halbleiter im TO-220-SMD-
Gehiuse

Im Gegensatz zu bedrahteten Halbleitern
kommen bei TO-220-SMD praktisch far
jeden Typ zwei Anlieferformen in Frage:

Insulated Construction with Screwed Connection
| |

W M3 Screw

] T0-3 (T0-204)

Insulating plate

I
|
1
|
|
]
z vz Heat sink
|
_[:L Insulated nipple
i Shim
—t ! Eyelet
- —  shim
== == Spring washer ‘
fa = M3 nut ‘
$IL0005 1
Figure 2

Metal Package TO-3 (TO-204)

Beware!

With insulated mounting of the TO-204,
TO-218 and TO-220 packages due con-
sideration must be given to the increased
heat-transfer resistance from the semi-
conductor to the heat sink.

1.2 Semiconductors in TO-220 SMD

Package
== 9

In contrast to leaded semiconductors, there
are practically two forms of packing for
every type in respect of TO-220 SMDs:

¢ Gurtband * Tape
* Schiene e Tube
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Gurtband (nach DIN IEC 286-3)

Eine haufig verwendete SMD-Anlieferung
ist die Gurtbandverpackung. Der grof3e
Vorteil liegt darin, daB3 die Halbleiter ver-
wechslungssicher aufbewahrt werden
und auBerdem viele Bestlckungsauto-
maten diese Bereitstellung akzeptieren.

Das Gurtband hat vorgeformte Vertiefun-
gen entsprechend der Bauelemente-
gréBe, die mit einer Deckfolie verschlos-
sen werden. Blistergurte kbnnen aus Pla-
stik oder aus einer beidseitig mit Plastik-
folien kaschierten Alufolie bestehen. Der
Vorteil der Alufolie besteht u.a. darin, daf3
sie sehr formstabil ist und vor elektrostati-
scher Aufladung schitzt. Deshalb ver-
wenden wir fir die Gurtung unserer dis-
kreten Halbleiter ausschlieBlich Gurte
aus Alufolie.

Die Gurte sind nach DIN IEC 286-3 welt-
weit genormt. Damit ist sichergestellt, daf3
die Gurte auf allen daflr vorgesehenen
Automaten verwendet werden kdnnen.

Tape (Complying with DIN IEC 286-3)

SMDs are frequently supplied in tape
packing. The major advantage of tapes is
that they accommodate semiconductors
without danger of their being confused
and, in addition, this form of feeding is
accepted by many placers.

A tape has preformed recesses, that are
sealed with a cover foil; their dimensions
depending on the size of the devices.
Blister tapes may be of plastic or a dou-
ble-sided, plastic laminated aluminum
foil. The advantage of aluminum foil con-
sists, among other things, in its high sta-
bility with regard to shape and in its ability
to protect against electrostatic charges.
This is the reason why we only use tapes
of aluminum foil for taping our discrete
semiconductors.

The tapes are standardized worldwide in
accordance with DIN IEC 286-3. This
ensures that the tapes can be used on all
the placers for which they are intended.

Gurtband-Verpackungseinheiten Tape Packing Units
GurtrollengréBe Gehduse Gehéduse
Tape reel size TO-220 E3044 package TO-220 E3045 package
33cm 1000 Stuck 1000 Stiick

1.000 ea 1.000 ea
Semiconductor Group 123
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- 10x4=40 —————
| 4 = +0.1 S
Y <210.05 A - LS 2
, [ | | ]
I | A
P o <I>|43 &ele © 00— o—btlela ef P Y
B u:?% I I ! | B
b L i s
LN — @ ._Q __@_.__47 :2_
| | ! | ‘_
, |y
i : | \
+0.2
—=[10.40.1 l=—  s|L00056
Bild 3 Figure 3
Gurtband Tape
A-A
Measuring 03i008
plane
\o3
IRE
— &
*to
§| Measuring
plane
[ -’4‘810.7_
SIL00057 3'max SIL00058
Bild 4 Figure 4
Bauteilfach Semiconductor recess
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Polaritdt und Lage der Bauelemente
im Gurtband

Alle polarisierten Bauelemente sind in
einer Richtung orientiert. Dabei liegt die
Montageseite auf dem Boden des Bau-
teilfaches. Die Bodenseite ist definiert als
unsichtbare Gurtbandseite (Unterseite).

Polarity and Position of Devices in
Tape

All polarized devices are arranged in the
same direction. The mounting side is on
the base of the device recess. The base
side is defined as the non-visible (lower)
side of the tape.

<— Direction of feed

\

Bild 5
Gurtrolle

Fixieren der Bauelemente

Ein Herausfallen der Bauelemente aus
den Bauteilfachern wird durch die Deck-
folie verhindert.

Gurtbandlagerung

Eine Gurtbandlagerung bis max. 240 h
bei 40 + 5°C und einer rel. Luftfeuchte
< 95 % ist zuléssig.

ReiBfestigkeit des Gurtbandes

Die maximale ReiBfestigkeit in Abwickel-
richtung betragt > 10 N.

Semiconductor Group

Tape reel

View X
* {Upper side

tLower side

SIL00055

Figure 5
Tape reel
Securing the Devices in Position

A cover foil prevents the devices from
falling out of their compartments.

Tape Storage

Tapes may be stored for a maximum of
240 h at 40 + 5°C and at < 95% relative
humidity.

Tearing Strength of Tape

Maximum tearing strength in the direction
of feedis> 10 N.
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Deckfolienabzugskraft

Der Winkel zwischen der Deckfolie und
der Abwickelrichtung beim Abziehen
betragt 180°. Die Deckfolienabzugskraft
liegt zwischen 0,2 und 1,0 N.

ReiBfestigkeit der Deckfolie

Die minimale Rei3festigkeit der Deckfolie
betragt 10 N.

Peeling Force of Cover Foil

The angle between the cover foil and the
direction of feed during peeling is 180°.
The peeling force of the cover foil is
between 0.2 and 1.0 N.

Tearing Strength of Cover Foil

Minimum tearing strength of the cover foil
is 10 N.

OO0 O0OO0OO0OO0OO0OO0OO0OO0OO0O0OO0

frodf|fed

fobllded

O O

O O

Direction of feed —=

SIL00059

Bild 6
Polaritat und Lage im Gurt

Deckfolienabzugsgeschwindigkeit

Die Deckfolie ist bis zu einer Abzugsge-
schwindigkeit von 5 mm/s bis 20 mm/s
abzugsfahig.

Gurtroilienkennzeichnung

Jede Gurtrolle tragt Angaben (ber Her-
steller, Typ, Seriennummer und Datum.
Fehlende Bauelemente

Es dirfen maximal zwei aufeinanderfol-
gende Bauelemente fehlen, vorausge-
setzt, daB danach sechs Bauelemente

Semiconductor Group

Figure 6
Polarity and orientation of tape

Peeling Rate of Cover Foil

The cover foil can be peeled at a peeling
rate of 5 mm/s to 20 mm/s.

Tape Reel Markings

Every tape reel bears details of its manu-
facturer, type, serial number, and date.
Missing Devices

Not more than two successive devices
may be missing, providing they are fol-
lowed by six devices without gaps. The
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ohne Lucke folgen. Die Anzahl von Leer-
stellen darf max. 0,25 % der Gesamtzahl
aller Bauelemente pro Gurtrolle nicht tber-
steigen. Auf Wunsch sind auch andere Ver-
einbarungen mdodglich.

Gurtbandvor- und -nachlauf

Tragerbandgurt mit Deckfolie, ohne Bau-
elemente.

number of empty spaces must not
exceed 0.25% of the total number of
devices per tape reel. Other arrange-
ments are possible on request.

Carrier Tape Leader
Carrier Tape Trailer

Carrier tape with cover foil, without
devices.

Gurtbandvorlauf
Carrier tape leader

Gurtbandnachlauf

Carrier tape trailer

min. 400 mm (100 Locher)
min. 300 mm (75 L&cher)

min. 400 mm (100 pitches)

min. 300 mm (75 pitches)

-

A

SIL00054

MaR A W1 W2 N
Dimension | mm mm mm mm
330 24.4+7 28.6 62
L — — I ~ o
Bild 7 Figure 7

Gurtrollen-Abmessungen
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TO-218/TO-220-Schiene TO-218/TO-220 per Tube

Die Abmessungen entsprechen der DIN- The tube dimensions correspond to the
IEC-Norm. DIN IEC standards recommendation.
Gehéause Verpackungseinheit | Abmessungen

Package Packaging unit Dimensions

TO-218 25 3=~ |—
Option

|<—13.3——|<—9—> o

N\

38

—l § |-
SIL00075

Lange: 524 mm

Length: 524 mm

TO-218 25 18
Option
E 3033 }
1
_" 6 == 00074

Lange: 524 mm

Length: 524 mm
Bild 8 Figure 8
Gehause TO-218 Package TO-218
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Gehéuse Verpackungseinheit | Abmessungen

Package Packaging unit Dimensions

TO-220 50

Option —= =35

33

—1 6.6 l=—

SIL00053
Lénge: 524 mm
Length: 524 mm

TO-220 50
Option
E 3045 18
E 3044 )
1|
5= Gi000s2

Lange: 524 mm

Length: 524 mm
Bild 9 Figure 9
Gehéduse TO-220 Package TO-220
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2 Lotvorschriften

2.1 Lotvorschriften fiir TO-220/
TO-218-Anschliisse

e Ltbarkeit mit Voralterung 3 nach DIN
IEC 68, Teil 2-20, Test Ta (235 °C,
+5K,55s)

e Lotwarmebestandigkeit nach  DIN
IEC 68, Teil 2-20, Test TB (260 °C,
+5K,105s)

Alle bedrahteten Bauelemente sind nach
obiger Spezifikation geprift und qualifi-
ziert.

2.2 Lotvorschriften fir TO-220-SMD-
Anschliisse

o Lotbarkeit mit Voralterung nach DIN
IEC 68, Teil 2-20, Test Ta
(215°C,+ 3K, 4 s)

* Lotwarmebesténdigkeit nach SN 53063
Reflowl6étverfahren
(215°C,+3K,2x405s)
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2 Soldering Instructions

2.1 Soldering Instructions for TO-220/
TO-218 Leads

Solderability with Burn-in 3 in compli-
ance with DIN IEC 68, Part 2-20, Test
Ta (235 °C, £ 5K, 5s).

Resistance to soldering heat in compli-
ance with DIN IEC 68. Part 2-20, Test
Tb (260 °C, £ 5 K, 10 s).

All leaded devices have to be tested and
qualified in accordance with the above
specification.

2.2 Soldering Instructions for TO-220
SMD Leads

e Solderability with burn-in in compliance
with DIN IEC 68, Part 2-20, Test Ta
(215°C, £ 3K, 4 s).

* Resistance to soldering heat in compli-
ance with SN 53063, Reflow Method
(215°C, £ 3K,2x 40 s).
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GehausemaBbilder Package Outlines

TO-204 AA/TO-204 AE
Gewicht etwa 13 g
Approx. weight 13 g

YMT05152

TO-204 AA | O 1.0
TO-204 AE | O 1.5

11.8

1) solderable | |
GMTO5152

Bild 10 Figure 10

TO-218 AA

Gewicht etwa 4,5 g 148 —

Approx. weight 4.5 g 4 oq08 4
-1

_._.V,__
|
|

20.3

12.5 T

W VPT05156
LS T3
3

14.5 2
Pin 1 2 3 ‘

SIPMOS G D S _Jos 0.5 1]_05
2.5
IGBT G C E

- 11 - GPT05156

{
=

Bild 11 Figure 11
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| TO-218 AD

| Gewichtetwa4,5g -— 15 —
| Approx. weight 4.5 -— 148 —
| i 9 g -+ 10.8 |- —14.9 -5
i | e iy
(O o T ]
M =1
203 ! 63
12.5 {j} l 4
¢ —‘ 1.7 “(
111
14.5 1.1
C VPT05157 =
o I
3 _Jjos 0.5 0.5
‘ —11 ] 22
GPT05157
Bild 12 Figure 12
! TO-218 AB
Gewicht etwa 4,5 g -— 15 —
Approx. weight 4.5 g - 14.0 —
- 13.6 — —4.5 -5
N i —| |-t
w3l A |
20.4 | T
25| ) 16.1 1
| L -
[AR) — 2.1
i
¢ VPT05335 13.8 1.92 -
D
s 1
L 9.5 1|04
B Y | |16
-—11— GPT05335
Bild 13 Figure 13
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Package Outlines

TO-220 AB
Gewicht etwa 2,0 g
i ight 2. - 9.9 |=—
Approx. weight 2.0 g T ogs i
V1 37 —~||=T1.3
2.8 H
PO 1
17.5 j 12.8 * .
@ 4+ 92 l
i et v
13.5
0.75»i | 0.5
Pin 1 [2 s &I'$1.05 T 24
SIPMOS G D S 2.54 — -— 2.54 GPT05155
IGBT G C E
Bild 14 Figure 14
TO-220 AB Option E3046
Gewichtetwa 2,0 g : g— 4.4 =
Approx. weight 2.0 g -~ 9.9 | b
|
: |
— | 1
ollz2 " s
T o
i | i
~— T | T
TLA! tle T
L0y 4t | 0
2 y ~ IS 2
1T
= | ¢
Ds VPT05338 0.75 1 2_5
254_| | |.2.54 24] |
GPT05338
1; shear and punch direction no burrs this surface
2) dip tinning
Bild 15 Figure 15
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TO-220 AB Option E3045

Gewicht etwa2g
Approx. weight 2 g - 0.9 |4 A e
. 1.3 = |=
P = 24—
10.5 Q} f 1 9.2
15 ‘ T | 1.5
Py B
0.75 == 1
1.05 ==
- ] —15.08l= 0.5 =l Gonostes
b S VPDO5164
Note
Alle Metallflachen, mit Ausnahme der Schnitt-
flachen, galvanisch verzinnt.
All metal surfaces tin plated except area of cut.
Bild 16 Figure 16
TO-220 AB Option E3044
Gewicht etwa 2 g 44
Approx. weight2 g 1.3
9.9 0.2
2.4
' '
Ire) T ] n
SR e s L
i 7o) J I
M 0.75 — T}
1.05 IIT - 0—5—I<—
2.54 GPT05363
Note

Alle Metallflachen, mit Ausnahme der Schnitt-
flachen, galvanisch verzinnt.
All metal surfaces tin plated except area of cut.

Bild 17 Figure 17
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SIPMOS® Power Transistors

® N channel
® Enhancement mode
® Avalanche-rated

BUZ 10
BUZ 10 S2

Type Vos I Rps (on) Package " Ordering Code

BUZ 10 50V 23A 0.07 Q TO-220 AB C67078-S1300-A2
BUZ10S2 |60V 23A 0.07 Q TO-220 AB C67078-S1300-A7
Maximum Ratings

Parameter Symbol Values Unit
Continuous drain current, 7o = 26 'C I 23 A
Pulsed drain current, T = 25 °C Ip pus 92

Avalanche current, limited by T} Ian 23

Avalanche energy, periodic limited by 7} max Exq 13 mJ
Avalanche energy, single pulse Eps 8.0

Voo =25V, Rqs=25Q,T;=25°C

Ib=23A,L=151pH

Gate-source voitage Vas +20 \'
Power dissipation, 7o =25 °C Py 75 w
Operating and storage temperature range T, Ty -55...+150 ‘C
Thermal resistance, chip-case R sc <1.67 K/W
DIN humidity category, DIN 40 040 - E -
IEC climatic category, DIN IEC 68-1 - 55/150/56 -

1) See chapter Package Outlines.
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S BUZ 10 S2

Electrical Characteristics
atT; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit

min. | typ. ‘ max.

Static characteristics

Drain-source breakdown voltage Vier) pss \
Ves=0V,I[p=025mA BUZ10 50 - -
BUZ 10 S2 60 - -

Gate threshold voltage Vesamy |21 3.0 4.0 \Y
Vas = Vos, Ip = TmA

Zero gate voltage drain current Ipss HA
VDS=50V,VGSZOV VDS=60V
Ti;= 25°C - 0.1 1.0
T;=125°C - 10 100

Gate-source leakage current Igss - 10 100 nA
Vas=20V, Vpg=0V

Drain-source on-resistance Rosen) | = 0.05 0.07 Q
VGS= 10V![D=14A
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BUZ 10 S2

Electrical Characteristics (cont'd)
at T; = 25 °C, unless otherwise specified.
Parameter Symbol Values Unit

min. l typ. ! max.
Dynamic characteristics
Forward transconductance 8is 7 13 - S
Vos 2 2 X Ip X Rosorymax In = 14 A
Input capacitance Ciss - 650 820 pF
Vas=0V, Vps=25V, f=1MHz
Output capacitance Coss - 300 450 pF
Ves=0 Vv, VDS =25 V,f= 1 MHz
Reverse transfer capacitance Cies - 110 170 pF
VGS=0V| VD$=25V,f=1 MHz
Turn-on time o, , (fon = fy(on) + 1) 14 (on) - 20 35 ns
Voo =30V, Vgs =10V, Rgs =50 Q ‘ _ 40 65 ns
Ip=3A
Turn-off time to, (forr = 2a (o + ) 14 (off) - 80 110 ns
Voo =30V, Vgs=10V, Rgs =50 Q 4 _ 60 75 P
Ip=8A
Reverse diode
Continuous reverse drain current I - - 23 A
Pulsed reverse drain current Ism - - 92 A
Diode forward on-voitage Vso - 15 1.9 \Y
Is=46 A, Vgs=0V
Reverse recovery time t - 60 - ns
Va=30V, I =Ig, dir / dt = 100 A/us
Reverse recovery time O - 0.1 - uC
Va=30V, I =Ig, dig / dt = 100 Alus
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BUZ 10 S2
Characteristics at 7; = 25 °C, unless otherwise specified.
Total power dissipation Typ. output characteristics
P =f(Tc) Io = f(Vos)
parameter: 1, = 80 us
80 BUZ 10/BUZ 10S2 SIL02866 55 Bl: }10;?;“1032 : ; SIL02867
w Tot— \ VG3=20V
Por 20 \ Iy A= 109V gy
\ T 45 ‘\/ l/ 2.5Y
~
60 \ /
40 1 ] 7V—|
‘( /’_—T
\ 35 / T
>0 N / X/, 6.5V
N\ o= /// < f'
0 N 25 A 9 6Y
W/ ai |
30 20 /1 S
7 5 Sk 5.5V
AN 15— o~ [~
20 et \ // S
\ 10 o 5V
10} \\ 5 7/ 4.5V
4V
0 ( 0 ‘
0 20 40 60 80 100 120 “C 160 00 1.0 20 30 40 50V 6.0
— Tc - VDS
Safe operating area Safe operating area
Is =f (Vps) BUZ 10 Ip =f(Vps) BUZ 10 S2
parameter: D =0.01, 7. =25 °C parameter: D =0.01, 7o =25 °C
102 BUZ 10 SIL02868 102 BUZ 10S2 SIL02883
fpr=23ua 71T % H 7% f,=15us
I, I |
D A % V. \\ \\‘ D \ R \\ \' L
T \\Q '\“ Y100us T />€’ % D
\SA N \ WA 100us
Y4 . Y ] Ay
Q@ N b‘ \\ QS \ \‘ \
k%é’ \\\ “\ ~ N Y,
\ \ AY \ A
/ \;\‘ AN Y1ms \\\‘ \\\ \t‘
101 \‘ - N 101 N - ms
i \\\\ Y ‘\‘\ \
\‘\ \ \ N
AN Y10ms ANIEK
\\\ \‘ 10lms
RN j AW
\‘\ ™ ,p - = -73, I\
I
Nl \)gome
1 ' ‘ ‘ 100 -~ t ug
v o102 10° 10 102 A
— Vs — s
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BUZ 10 S2
Typ. transfer characteristics Typ. forward transconductance
Ip = f(Vas) & =f (Ip)
parameter: 7, = 80 us, Vpg =25V parameter: 7, = 80 us
55 BUZ 10/BUZ 10S2 SIL02869 20 BUZ 10/BUZ 10S2 SIL02870
Iy A / 9 S
L—"]
40 14 A
35 //
/ 1 7
30 /
10
25 /
8
20 /
5 6 /
N / ‘
5 2
0 - 0
01 2 3 4 5 6 7 8 V 10 0 5 10 15 20 25 30 35 40 A 50
— s — 1y
Typ. drain-source on-resistance Drain-source on-resistance
Rops (on)=f([D) Rops (on)=f(Tj)
parameter: Vg parameter: Iy =14 A, Vg = 10 V, (spread)
BUZ 10/BUZ 10S2 SIL02871 BUZ 10/BUZ 10S2 SIL02872
oz % ( 5V 1|5 5\> 6v é S5V| 7V ; 5| e
Ros(on) Q T | ’ Ros(on)
e /
0.18
0.16 / 0.12
0.14 /| .
74 0.10 v
v / wz L |
// // / | s 0.08 /I/ /
MEESs 2P pdrd’
0.08 e i & 0.06 L e
0.06 |- = —] 1oV “ -
— 0.04 1
0.04 20V I
0.02
0.02
00 0.00 .
0 5 10 15 20 25 30 35 40 45 A 55 -80 -40 0 40 80 120 “C 160
—_— [D E—d TJ

Semiconductor Group 141



SIEMENS

BUZ 10

BUZ 10 S2
Gate threshold voltage Typ. capacitances
Ves (th) =f (T;) C =f (VDS)
parameter: Vgs = Vps, Ip = 1 mA, (spread) parameter: Vg =0V, f=1MHz
5.0 BUZ 10/BUZ 10S2 SIL02873 101 BUZ 10/BUZ 10S2 SIL02874
\
Vostin) . C o
T 40 B o ST T
3.6 T==x T~ o 0 \
~_ = 10° Ao
3.2 ~~_ P - C.
28 ~S_ \ g iss
. T~ \ o~
“\ AN e~
2.4 Sy N C.
Sal — 2% \\ 0ss
2.0 Rl S 1 N
1.6 i PN = 107 Crss
1.2
0.8
0.4
0.0 - 107
-60-40-20 0 20 40 60 80 100120 “C 160 0 5 10 15 20 25 30 V 40
— T — W
Drain current Forward characteristics of reverse diode
ID=f(TC) IF-‘—f(VSD)
parameter: Vgg 210V parameter: T;, t, = 80 us, (spread)
24 BUZ 10/BUZ 10S2 SIL02875 102 BUZ 10/BUZ 10S2 SI1L02878
& |
I A AN AN = =
20 \\ P 4
\ ///
18 Y,
\\ 1 //
16 10 i
14 \ 11/
N\ 5 111
12 \\ /1]
10 A i _1En©
\ . _//—TJ-—1500C typ
8 10 1 Tj= 25 ;C typ|
6 5 T;=150 c (98%)
Tj= 25°C (98%)
4 [ L
: \ -
0 . \ 107!
0 20 40 60 80 100 120 °C 160 0.0 1.0 2.0 vV 30
— T — Vyp
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SIEMENS

BUZ 10
BUZ 10 S2

Avalanche energy E,s = f(T)
parameter: I =23 A, Vpp =25V
Rgs=25Q,L=15.1 uH

9 BUZ 10/S2 SIL02877
EAS mJd \
T 7 \\
6 \\
5 N
N\
4 \
; N
2 \‘\
1 \\
0 NS
20 40 60 80 100 120 140°C160
Typ. gate charge
Vas =/ (Qaate)
parameter: Ip s = 37.5 A
16 BUZ 10/BUZ 10S2 SIL02879
v
s, // /
T " // /
VDSmcx:10V///VDSmux:40V
10 /‘ 7
SV
8 yavi
Z/
My
4
2
0
0 4 8 12 16 20 24 28 nC 32

- 0(30151
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Transient thermal impedance

Znse =1 (tp)
parameter: D=1,/ T

10! BUZ 10/BUZ 10S2

Zinge C
T K/W[
10°
107! =
r single pulse :
02 L
107 1075 10™* 1073 1072
e fp
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SIEMENS

SIPMOS® Power Transistor

® N channel

® Enhancement mode
® Logic Level

® Avalanche-rated

BUZ10L

Type Vos I Ros (on) Package " Ordering Code

BUZ 10L 50V 23A 0.07 Q TO-220 AB C67078-S1329-A2
Maximum Ratings

Parameter Symbol Values Unit
Continuous drain current, Tg = 26 °C I 23 A
Pulsed drain current, T =25 °C Iy pus 92

Avalanche current, limited by Tj max Ing 23

Avalanche energy, periodic limited by T} imax Exr 1.3 mJ
Avalanche energy, single pulse Eps 8

In=28A, Vpp=25V,R3s=25Q

L=151pH, T;=25°C

Gate-source voltage Vs +10 \
Gate-source peak voltage, aperiodic Vs +20

Power dissipation, 7c = 25 °C Py, 75 w
Operating and storage temperature range T, Tyy -55...+150 °C
Thermal resistance, chip-case Ry s <1.67 KW
DIN humidity category, DIN 40 040 E -
IEC climatic category, DIN IEC 68-1 55/150/56 -

1) See chapter Package Outlines.
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SIEMENS BUZ10L

Electrical Characteristics
atT; = 25 °C, unless otherwise specified.
Parameter Symbol Values Unit

min. | typ. | max.

Static characteristics

Drain-source breakdown voltage Viempss |50 - - \'
Ves=0V, 5 =0.25mA

Gate threshold voltage Vasany |15 2.0 25

Ves = Vos » Ip =1 mA

Zero gate voltage drain current Ipss HA
Vos=50V, Vgs=0V

T;,= 25°C - 0.1 1.0
T,=125°C - 10 100
Gate-source leakage current Igss - 10 100 nA
Vas=20V, Vpg=0V

Drain-source on-resistance Rosony |- 0.06 0.07 Q

VGS=5V,ID=11.5A

Dynamic characteristics

Forward transconductance 8ts 8 14.5 - S
Vbs 22 X Ip X Rpsionymax » In=11.5 A

Input capacitance Ciss - 800 1100 pF
Vas =0V, Vps=25V, f=1MHz

Output capacitance Coss - 300 450

VGS =0 V, VDS =25 V,f= 1 MHz

Reverse transfer capacitance Cres - 110 170
Vas=0V, Vpg=25V, f=1MHz

Turn-on time #,, , (fon = taon) + &) 14 (on) - 25 40 ns
Voo =30V, Vgs=5V, I, =3 A, Rss=50Q N ~ 75 120
Turn-off time Loft » (toff =1y oty + tf) Iq (off) - 110 160
VDD=3OV, VGS=5V,ID=3A,RGS=SOQ k4 — 75 95
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SIEMENS

BUZ10L

Electrical Characteristics (cont'd)
at7; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. | typ. ‘ max.

Reverse diode

Continuous reverse drain current I - - 25 A

TC = 25 GC

Pulsed reverse drain current Isy - - 100

Tc=25°C

Diode forward on-voltage Vsp - 1.5 2.0 \

Is=50A, Vgs=0V

Reverse recovery time t - 60 - ns

Ve=30V, I =15, dir /dr =100 Alus

Reverse recovery charge O - 0.1 - uc

Ve=30V, I =1, dir/dt =100 Alus
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SIEMENS

Characteristics at 7, = 25 "C, unless otherwise specified.

Total power dissipation

P =f(To)
g Buz fo S1L02101
w
Pfot 70 \\
N
T 60
50 \\\
40 N
N
30
20 \\\
10 N\
N
O o
0 20 40 60 80 100 120 °C 160
— T
Safe operating area
Ip =f(VDs)
parameter: D = 0.01, Tc=25°C
102 Buz 10 SIL02103
©=23us "z
]D \ AY
A AN N
T \\Q K Y100us|
Aﬁc’/ k¥ \
e\/ N R
ASANM, A n
15 \\\ N K
Y \ Y
/ \:‘. \‘ 3 1ms
10! N a7y
AN \
AN .
AW Y
\‘\ kN
N Oms|
N
\
N\
AN
\100ms
ill
v 10?
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Typ. output characteristics

Ip=f(Vps)
parameter: t, = 80 us

55 BUZ 1oL SIL02102
TR
) : |
Ves=10V “ ) 6v 5.5V
il ~ 7
s0l— 8 (/[
7V 'l/ 4 5V
NN 7/ P
A
50 /7//\ \/
\ 4.5V
/ \
25 /, \\\
20 — // v Pa vl |
is l/// / So -
0 '/ /1 3.5
/
5 g 3v
/

0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 40 V 5.0

— s

Typ. transfer characteristics

Ip =f(VGs)
parameter: f, =80 us, Vps =25V

BUZ 10L SIL02104

60
I, A [
T 50

45

40
35 /
30 /
25 /
20
5

o /

5
oL L1/
01 2 3 4 5 6 7 8 V 10

— Ws

~
\\
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SIEMENS BUZ10 L

Typ. drain-source on-resistance Drain-source on-resistance
Rps (on) =f(ID) Ros (on)=f(Tj)
parameter: Vgg parameter: In = 11.5 A, Vgs =5V, (spread)
SIL02112 UZ 10L 106
022 = :/(']L ssv | 4] lasv] | sv o6 T
RDS(on) Q s : RDS(D")
/ 0 /
T 0.18 /
/ 0.12 ,
0.16 —

0.12
0.08
/ ¢/
0-10 =~ e // typ
- . 0.06 A
0.08 B > 5.5V vapd
0.06 ] T | —T v /j/
* -1 e SR B 0.04 -
0.04
0.02
0.02 6.5V| 7V | 8V | 9V [1QV
0.00 0.00 .
0 5 10 15 20 25 30 35 A 45 -80 -40 0 40 80 120 °C 160
— I — T
Typ. forward transconductance Gate threshold voltage
8 =f (o) Vas (th) =f(TJ)
parameter: 7, = 80 us parameter: Vgs = Vpg , Ip=1 mA, (spread)
20 BUZ 10L SIL02105 5.0 BUZ 10L SIL02110
v
| V.
Jis S GS(th) 44
T 16 T 4.0
14 3.6
T/
/ 2.8 S=~<iT
iy )
8 2.0 B Y=ty
6 I 1.6 “r~ ~~K 2%
1.2 e
4 ST 7
0.8
2 0.4
0 0.0 "
0 5 10 15 20 25 30 35 40 45 A 55 —-60-40-20 0 20 40 60 80 100120 °C 160
— I — T
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SIEMENS

BUZ10L

Typ. capacitances

C=f(Vos)
parameter: Vgs=0V, f =1 MHz

10! BuztoL SIL02107
C onr
10° S
\ \\ Clss
\\ ‘\\
\, A —
\\\ Coss
N—
- \
107! Cres
1072

0 5 10 15 20 25 30 V 40

— s

Forward characteristics of reverse diode

I =f (Veo)
parameter: T, t, = 80 us, (spread)

102 BUZ 10L SIL02115
[F A —Z -
A
4 /1
10! .Z/
74}
1217
5 1
/ali
T;=150°C typ
0 N
10 H=Ti= 25°C fyp
s H7=1507C (98%)
= 'P Tj= 25°C (98%)
107" L
0.0 1.0 2.0 V3.0

— Y
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Drain current

Ip =f(T¢)
parameter: Vgs 25V

BUZ 10L SIL02109

2
L A N

N

20 \
P N
16 \

14 N
12 \

10 N\

6
. \
2
0 N
0 20 40 60 80 100 120 °C 160
— T
Avalanche energy Exs = f(T))
parameter: I =23 A, Vpp =25V
Rgs=25Q,L=15.1 pH
9 BUZ 10 L SIL02113
EAS mJ \
T 7 \\
6 \\
5 \
\
RREEAN
: N\
2 \\\
1 AN
N g

0
20 40 60 80 100 120 140°C160
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SIEMENS BUZ10L

Transient thermal impedance Typ. gate charge
Znsc =f (tp) Vas =f (Qaate)
parameter: D=1,/ T parameter: Ip s = 37.5 A
101 SIL0211I 16 BUZ 10L SIL02114
Z, |7 4
chK W 6 1y /| /
T / T Vo4
2 ///
100 VDSmax"O'ZV /VDSmax:O'BV
10 /
8 / /
//
Bz d . ‘ £/
107! ail —10.05 //
Hi 4
' smgle pulse _; 2 /
I' I I
LA mlIIII A O L 1 ;
106 1075 10~* 10~% 102 10~' 10°s 10! 0 5 10 15 20 25 30 35 40 45 nC 55
— 1 — Qgate
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SIEMENS

SIPMOS® Power Transistors BUZ 11
BUZ 11 A, BUZ 11 S2

® N channel
@ Enhancement mode
® Avalanche-rated

Type Vos I, Tc Ros (on) Package Ordering Code

BUZ 11 50V 30 A 29°C |0.040Q |TO-220 AB C67078-S1301-A2
BUZ 11 A 50V 26 A 25°C |0.055Q |TO-220 AB C67078-S1301-A3
BUZ11S2 |60V 30 A 29°C |0.040Q |TO-220 AB C67078-S1301-A5

Maximum Ratings

Parameter Symbol BUZ Unit
1 11A | 1182

Continuous drain current I 30 26 30 |A

Pulsed drain current, 7o =25 °C Ip pus 120 104 120

Avalanche current, limited by T} e 30

Avalanche energy, periodic limited by 7 max Epr 1.9 mJ

Avalanche energy, single pulse Eps 14

Vop =25V, Res =25 Q, T, =25 °C
Io=30A, L=156pH

Gate-source voltage Vas +20 \Y
Power dissipation, T, = 25 °C Py 75 w
Operating and storage temperature range T, Ty -55...+150 °C
Thermal resistance, chip-case Ry i <1.67 K/W
DIN humidity category, DIN 40 040 - E -
IEC climatic category, DIN IEC 68-1 - 55/150/56 -

1) See chapter Package Outlines.
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SIEMENS BUZ 11
BUZ 11A, BUZ 11 S2

Electrical Characteristics
at T, = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit

min. | typ. | max.

Static characteristics

Drain-source breakdown voltage Vier)pss \'
Ves =0V, Ip =0.25 mA BUZ11/11 A 50 - -

BUZ 11 S2 60 - -
Gate threshold voltage Vas @) 2.1 3.0 4.0 \'
VGS = VDS ,Ip=0.25mA
Zero gate voltage drain current Ipss A

Vas =0V Vps=50V BUZ11/11A
Vs =60 V BUZ 11 S2

T;= 25°C - 0.1 0.1
T;=125°C - 10 100
Gate-source leakage current Iss - 10 100 nA
VGS=20Vs VDS=0V
Drain-source on-resistance Ros (on) Q
Vas=10V, IH=19A BUZ 11/11 82 - 0.03 0.04

BUZ 11 A - 0.04 0.055
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IEMEN BUZ 11
S S BUZ 11A, BUZ 11 S2

Electrical Characteristics (cont'd)
atT; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit

min. typ. I max.

Dynamic characteristics

Forward transconductance 8ts 10 17 - A
VDS 22x ID X RDS(on)max
Ib=19A
Input capacitance Ciss - 1000 1350 pF
Ves=0V, Vpg=25V, f=1MHz
Output capacitance Coss - 450 680 pF
Ves=0V, Vps=25V, f=1MHz
Reverse transfer capacitance Ciss - 165 250 pF
Ves=0V, Vps=25V, f=1MHz
Turn-on time o, , (fon = Zg(on) + &) T4 (on) 15 25 ns
Vob=30V, Vgs=10V, [ =3 A, Rgs =50 Q
t - 55 85
Turn-off time o , (fort = fg (ot + ) t4 (of) - 120 160 ns
Voo =30V, Vgs=10V, I =3 A, Rgs =50 Q
t - 80 110

Reverse diode
Continuous reverse drain current Is A
Tc=25°C BUZ 11/11 82 - - 30

BUZ 11 A - - 26
Pulsed reverse drain current Isy A
Tc=25°C BUZ11/11 82 - - 120

BUZ 11 A - - 104
Diode forward on-voltage Vso - 1.6 1.8 \)
Vas=0V I5=60A
Reverse recovery time te - 80 - ns
Ve=30V, Ig=1g, di-/dt = 100 Alus
Reverse recovery charge O - 0.1 - ucC

Va=80V, Iy = Is , dis / dt = 100 Alps
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SIEMENS BUZ 11

BUZ 11A, BUZ 11 S2

Characteristics at 7; = 25 °C, unless otherwise specified.

Total power dissipation Typ. output characteristics
Py =f(Tc) I =f(Vbs) BUZ 11
parameter: #, = 80 us
80 BUZ 11/BUZ 11A/BUZ 11S2 SIL02116 70 BUZ 11 SIL02117
W oz | ] [ ] ]
Bt N\, Iy .=10V9V 8V 7.5V | 7y
70 [ A X
T ) Ve I
55
60 5 v/ 6.5V
N\ 45 // ~
) N\ 40 '9('7//
40 - \\ 35 ,///,/>\// ,//’— SJV
30 WA 2 |
30 25 / // N 5.5V
\ 20— /. N ]
20 \ /, 2l 5V
\ 15 ‘/ ~T-.
10 N\ 10 ‘/‘ +
A\ 5 / — 4.5V
- 4V
0 0
0 20 40 60 80 100 120 °C 160 0.00.51.0 1.5 2.0 2.5 3.0 3.5 4.0 45 V 55
— T - Vs
Typ. output characteristics Typ. output characteristics
Ip = f(Vps) BUZ 11A I =f (Vps) BUZ 11 S2
parameter: 1, = 80 us parameter: t, = 80 us
60 BUZ 11A . ~ [ SIL02132 70 BUZ 1152 ; - SI1L02807
Iy A Voo vl sy | A ‘:\VGS'%%Y, |
y 50 Vésé‘m“’/ / //. /7V s.gv ’ 50 “ / ?ng 7Vl
4 L~ \ / 4/
T 45 \ / // pd T 55 K117/ 7
50
10/apa 18,7/ 94 6.5V
40 4 - / /1
/// / A6V 45 / / —
35 / A 40 /
I/ /[P
30 /17174 p 15 [V /K bv
/ I/ e 5Ly 11///4
25 = : 30 /4 Ry =T5W
20 | / ,/‘1\ Y7 NY S —
15 /'/ P X 20 //'/ RASSE
/// // N 4o L 15 7/ ~
10 4 /‘ N 10 // SV
N /4BEE 4.5V 45V
A ’ 5 !
0 — N 0 — 4V
00 1.0 20 3.0 40 50 6.0 V 75 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 V 5.0
— Ys — s
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SIEMENS

BUZ 11
BUZ 11A,BUZ 11 S2

Safe operating area
In =f(Vps) BUZ11/BUZ 11 A
parameter: D =0.01, T = 25 °C

103 BUZ 11/BUZ 11A SIL02118
i
Iy A
=38us
102 L
10043
I
[
1ms
10
10ms
I
N
N T
‘*1(|)0ms
DC
il
100 10’ v o102

Safe operating area
Ip = f(Vbs)
parameter: D = 0.01,7; =25 °C

BUZ 11 S2

103 BUZ 1152 SIL02808

100 10' 102 v o108
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Typ. transfer characteristics
I =f (Vas) BUZ 11/BUZ 11 A
parameter: f, =80 us, Vps =25V

BUZ 11/BUZ 11A SILo2119

i /
50 /
T 45 /

40
35 /
30 /
25 /
20 /
15

i /
5

0 A /

01t 2 3 4 5 6 7 8 V 10

— Vs

Typ. transfer characteristics

Ip=f(Vas)
parameter: 7,=80us, Vps =25V

BUZ 11 S2

BUZ 11S2 SIL02809

75
L A
65 /
T 60
55
50

45

40 /
35
30

2 /
20 /
15
10

5 /
0 |
01 2 3 4 5 6 7 8 V 10

— Vs

\\\
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SIEMENS

BUZ 11
BUZ 11A,BUZ 11 S2

Typ. forward transconductance

8is =f(ID)
parameter: 7, = 80 us

BUZ 11/BUZ 11A/BUZ 1152 SIL02120

26

I

gfs S L~
T 22 L~

20

18

61/
14 /
2 /
10

o N O oo
—

0 10 20 30 40 50 A 60

— I

Typ. drain-source on-resistance
Ros oy = f (Ip) BUZ 11/BUZ 11 S2
parameter: Vgs

BUZ 11/BUZ 11 S2 SIL02127

0.13 T |
Rosion) @ Ve =5.5V o 6|1 6.5V +—| 7V}

0.11 //
T 0.10 /

0.09 S /
0.08 |

0.07 /]
0.06 -
0.05 T
0.04
0.03
0.02
0.01
0.00

~
T — =)
<

5V
8v
9y

\

[ATA\
\
1\

I

AN
TN N~

ov

0 10 20 30 40 50 60 A 70

— Iy
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Typ. drain-source on-resistance

Ros on) =f p) BUZ11 A
parameter: Vggs
BUZ 11A SIL02142
0.18
T |
Ros(on) Q Vos=5Y 5.5V 6V 6.5V
/ / }
T 0.14
0.12 /// / / }
4/ / /
0.10 V, // v
8 1 1 o P r
0.08 |1 =g E)
0.06 T ——T_|8v
—— T T 9y
0.04 Tov
0.02
0.

00
0 5 10 15 20 25 30 35 40 45 50 A 60

A—>ID

Drain-source on-resistance

Ros on) =f (T)) BUZ 11/BUZ 11 S2

parameter: Ip = 19 A, Vs = 10V, (spread)
0.09 BUZ 11/BUZ 11S2 SIL02121

RDS(on) 0 ,

7

T 0.07 /
0.06 ) Y4 Y s

98

o
R
\o\‘l

0.00
-80 -40 0 40 80

120 °C 160

—
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SIEMENS

BUZ 11
BUZ 11A, BUZ 11 S2

Drain-source on-resistance
Rops (on) =f(Tj) BUZ 11 A
parameter: In = 19 A, Vgs = 10V, (spread)

BUZ 11A SIL02136

0.13

RDS(on) 0
0.11

0.10
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

0.00
-80

98%

-\

-40 40 80 120 °C 160

T.

J

Gate threshold voltage
Ves (th) =f (Tj)
parameter: Vgs = Vg, Ip = 1 mA, (spread)

BUZ 11/BUZ 11A/BUZ 11S2 SIL02125

5.0

Vos(in) 41
e
3.6
3.2
2.8

2.4
2.0

1.6
1.2
0.8
0.4

b 98%

~

~

-
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~

0.0 >
-60-40-20 0 20 40 60 80 100120 “C 160

—
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Typ. capacitances

C=f(Vbs)
parameter: Vgs=0V, f=1MHz

101 BUZ 11/BUZ 11A/BUZ 11S2 SiL02122
¢ nf
b
N
10 \‘ N Cies
\ e~ —
\\ i
N Coss
-
CFSS
107
1072
0 5 10 15 20 25 30 V 40

— Ws

Drain current
Ip=f(Tc)
parameter: Vgg 210 V

BUZ 11/BUZ 11A/BUZ 1152
\\
N

SIL02124

32
A
28

I

24

Lo

JA 152

20
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\
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160
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SIEMENS

BUZ 11
BUZ 11A, BUZ 11 S2

Forward characteristics of reverse diode

Ie =f(Vsp)

parameter: T, t, = 80 ps,(spread)

103 BUZ 11/BUZ 11A/BUZ 11S2 SIL02130
Ir A
102 1 T
5 // =
VA
//
T;=150°C typ
10' —=71= 25°C 1yp
1 -
5 AT _TJ=150\C (98%)
’"/H Tj= 25°C (98%)
0.0 1.0 2.0 vV 3.0

— Yy

Avalanche energy E,s = f (T)
parameter: I, =30 A, Vpp =25V
RGS =25Q, L=15.6 “.H

15 BUZ11/A/S2 SIL02128

EAS mJ
T 13 \
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11 \\

10 \

9 \\

8

: \

6 \

5 N\

\\
4
N
3 N,
N
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N
0
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Transient thermal impedance

Zinge =1 (1)
parameter: D =t,/T

BUZ 11/BUZ 11A/BUZ 11S2 SIL02126
[y | m—

100 -
|lll|,," Vi il 0.05/]

0.
o IIII||NII|||I|HI|....w A il
A LI E
l““"' smgle ulse || i
- 7 |

10°% 1075 1074 1073 102 10~ 10° s 10!

-1

Typ. gate charge
VGS =f(QGate)

parameter: I s = 55.5 A

16 BUZ 11/BUZ 11A/BUZ 1152 SIL02129
v

¥

S 4

12
VDSmux:o'zv ///VDSmax:O‘BV

10 /
|44
8 yAw4
/ /
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0
0 5 10 15 20 25 30 35 40 nC 50
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SIEMENS

SIPMOS® Power Transistor BUZ 11 AL

® N channel

® Enhancement mode
® Logic Level

® Avalanche-rated

Type Vos I, Rps (on) Package " Ordering Code
BUZ11 AL |50V 26 A 0.055Q | TO-220 AB C67078-S1330-A3

Maximum Ratings

Parameter Symbol Values Unit
Continuous drain current, 7o = 25 °C I 26 A
Pulsed drain current, T = 25 °C Ip pus 104

Avalanche current, limited by T L 26

Avalanche energy, periodic limited by 7 max Epr 1.9 mJ
Avalanche energy, single pulse Eps 14

Ip=26A, Vpp =25V, Rgs =25 Q
L=20.7uH,T;=25C

Gate-source voltage Vas +10 \Y
Gate-source peak voltage, aperiodic Vs +20

Power dissipation, T = 25 °C Py 75 w
Operating and storage temperature range T, Ty, -55...+150 °C
Thermal resistance, chip-case R s <1.67 K/w
DIN humidity category, DIN 40 040 - E -
IEC climatic category, DIN IEC 68-1 - 55/150/56

1) See chapter Package Outlines.
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SIEMENS

BUZ 11 AL

Electrical Characteristics
atT; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. | typ. ] max.

Static characteristics

Drain-source breakdown voltage Vigrypss | 50 - \'

VGS =0V, =025mA

Gate threshold voltage Vas i) 15 2.0 2.5

Vas = Vps, Ip =1 mA

Zero gate voltage drain current Ipss uA

VDS=50V7 VGS=0V

Ti= 25°C - 0.1 1.0

T;=125°C - 10 100

Gate-source leakage current Igss - 10 100 nA

Vas=20V, Vps=0V

Drain-source on-resistance Rosony |~ 0.040 0.055 Q

VGS=5V11D=13A

Dynamic characteristics

Forward transconductance 8is 10 22 - S

Vbs 22 X Ip X Rpgonymex » In = 13 A

Input capacitance Ciss - 1500 2000 pF

VGS=0V1 VDS=25V,f=1 MHz

Output capacitance Coss - 580 840

VGS =0 V, VDS =25 V,f= 1 MHz

Reverse transfer capacitance Cres - 190 300

VGS =0 V, VDS =25 V,f= 1 MHz

Turn-on time t,q , (fon = t4 (on) + &) 14 (on) - 25 40 ns

VDD=30V1 VGS=5V,ID=3A,RGS=SOQ t — 80 120

Turn-off time Tott » (!oﬁ =14 (off) + t{) ty (off) - 110 160

Voo =30V, Vgs=5V,Ip =3 A Rgs=50Q 3 - 80 110
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SIEMENS BUZ 11 AL

Electrical Characteristics (cont'd)
atT; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. i typ. T max.

Reverse diode

Continuous reverse drain current I - - 26 A

Tc= 25 OC

Pulsed reverse drain current Isy - - 104

TC = 25 OC

Diode forward on-voltage Vso - 1.5 1.8 \'

IS=52A, VGS=0V

Reverse recovery time t, - 100 - ns

VR=30V, I|:=Is , diF/dt =100 A/us

Reverse recovery charge O - 0.2 - uC

Ve=30V, [ =15, dir / dt =100 Alus
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SIEMENS BUZ 11 AL

Characteristics at 7;= 25 °C, unless otherwise specified.

Total power dissipation Typ. output characteristics
Pyt = f(T0) Ip :f(VDS)
parameter: 7, = 80 us
80 BUZ 11AL SIL02821 60 BUZ 11AL SIL02822
T L |
Ry=75W v
Pt W N Iy A = L |
70 \ ? 50 \ 1 5.5V
x e |
60 b5 8V 7
7V SV
40 —6.5v g
50 \\ 6V )/
35 .
\ 17 >
40 30
N / N |
30 2 T~ 7
20— b
\ / o
20 \ 15 3.5V —=
\ o |
10 N\ :
\ 5 3V
0 N 0 !
0 20 40 60 80 100 120 “C 160 0.0 1.0 2.0 3.0 40 V 5.0
— T = Vs
Safe operating area Typ. transfer characteristics
Ip = f (Vos) In=f(Vas)
parameter: D =0.01, 7. =25 °C parameter: f, =80 us, Vps =25V
103 BUZ 11AL SIL02823 65 BUZ 11AL SIL02824
- 7 -
Iy A
T 55
50 ,
45 l
40 L
35
30
|
25
20 /
15 /
1
D “1(|)Oms 0
ol 5
100 ' 0
100 10! v 102 0 1 2 3 4 5 6 7 8 VvV 10
— Vs — Vs
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SIEMENS BUZ 11 AL

Typ. drain-source on-resistance Drain-source on-resistance
RDS (on) =f(ID) Ros (on) =f(T,)
parameter:Vgg parameter: In = 13 A, Vgs =5V, (spread)
0.18 BUZ 11AL SIL02825 0.13 BUZ 11AL 5 SI1L02826
’ T T I )
Rostr) g Ves=3.5V 4V | 45V | 5V Roston)
0.11
0.14 0.10 /
)4
012 0.09 7
0.08 A
0.10 0.07 98%| A /
. L /
0.08 0.06 e
) 0.05 /,/ (
0.06 5.5V P
= d .04 ~
’//ﬁ/ﬁ// 0 g
0.04 =4 — 0.03 ——
B 0.02
0.02 11—
6V 6.5V 7v| 8V | 9V 0.01
0.00 | 0.00
0 5 10 15 20 25 30 35 40 A 50 -80 -40 0 40 80 120 °C 160
— I — T
Typ. forward transconductance Gate threshold voltage
&is=f (o) Vas @ =S (T)
parameter: £, = 80 us parameter. Vg = Vs, Ip = 1 mA, (spread)
BUZ 11AL SIL02827 BUZ 11AL SIL02828
52 T 5.8
Gss S L~ Vostth)
28 - 4.4
| = T
7 4.0
24 Va -
2 / '
20 3.2
18 2.8 - Tesi
16— Seeg 98%
/ 2.4 -]
14 “\ typ S~
2.0 P~ S~is
12 g = - ~ =L
10 I 1.6 = =301 2% ~
8 I 1.2 THaal
6 0.8 “F<{
4
) 0.4 +—
0 0.0
0 5 10 15 20 25 30 35 40 45 50 A 60 -60-40-20 0 20 40 60 80 100120 °C 160
—_— ID — e T

J
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SIEMENS

BUZ 11 AL

Typ. capacitances

C=f(Vbs)
parameter: Vgs=0V, f=1MHz

101 BUZ 11AL SIL02829
¢ nF
100 ciSS
‘ Coss
\\
\\\
\CYSS
107"
1072
0 5 10 15 20 25 30 V 40

— s

Forward characteristics of reverse diode

Iz = f (Vep)
parameter: 7, t, = 80 ps, (spread)

103 BUZ 11AL SIL02833
I oA
102
-
5 ?
‘,l,
/4
4 t7;=150"C typ|
10 // Ti= 25°C typ
HL—r=150°C (98%)
5 fHE=71=150 ¢ (8%
i Ti= 25°C (98%)
oo L |

0.0 1.0 2.0 v 3.0

— Wy
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Drain current
Ip =f(T¢)
parameter: Vgs 25V

BUZ 11AL SIL02830

28
L A

24 N
T 22

20 .
18 N

16 N
1 N\

12 N

10
5 \

N B o

\
\
\

0 20 40 60 80 100 120 °C 160

_>fc

o

Avalanche energy Exs = f(T)
parameter: In =26 A, Vpp =25V
Rgs=25Q, L =20.7 uH

15 BUZ 11AL SIL02832
EAS mJ

13
T 12\

11

10 \

9 \\

8

: \

6 \C

. X

AN

3 N

2 \\

! |

0

20 40 60 80 100 120 140°C160
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SIEMENS BUZ 11 AL

Transient thermal impedance Typ. gate charge
Zinyc =1 (ty) Vas = f (Qaate)
parameter: D =1,/ T parameter: Ip ,ys = 39 A
101 BUZ 11AL S!L02831 16 BUZ 11AL SIL02834
= e
£ v
Zoe | s V/4
I i 4
7
100 = VDSmax:10% VDSmux:A'OV
= 10 7
- . 7
6 /
1071 5 V/4
= i
L 2 /
llllhlIIIIIIIIIII O 1 ;
107 1075 104 103 1072 10~' 10° s 10! 0 10 20 30 40 50 60 70 nC 90
- fp - OGa?e
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SIEMENS

SIPMOS® Power Transistors

® N channel
® Enhancement mode
@ Avalanche-rated

BUZ 12
BUZ12 A

Type Vos I Tc Rops (on) Package " Ordering Code

BUZ 12 50V |42A |65°C |0.028Q |TO-220 AB C67078-S1331-A2
BUZ 12 A 50V |42A [44°C |0.035Q |TO-220 AB C67078-S1331-A3
Maximum Ratings

Parameter Symbol Values Unit
Continuous drain current I 42 A
Pulsed drain current, T = 25 °C Ip pus 168

Avalanche current, limited by T mnax LIyr 42

Avalanche energy, periodic limited by T max) E\q 2.5 mJ
Avalanche energy, single pulse Eys 41

In=42A, Vpp =25V, Rgs=25Q

L=232uH,T;=25°C

Gate-source voltage Ves +20 \)
Power dissipation, 7o =25 °C Py 125 w
Operating and storage temperature range T, Ty -55...+150 °C
Thermal resistance, chip-case Ry, s <1.0 K/W
DIN humidity category, DIN 40 040 - E -
IEC climatic category, DIN IEC 68-1 - 55/150/56

1) See chapter Package Outlines.
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SIEMENS BUZ 12

BUZ 12 A
Electrical Characteristics
at 7, = 25 °C, unless otherwise specified.
Parameter Symbol Values Unit
min. ll typ. | max.

Static characteristics
Drain-source breakdown voltage Vigrypss | 50 - - Vv
VGS = 0 V, ID = 025 mA
Gate threshold voltage Vaswmy |2.1 3.0 4.0
Vas = Vps, Ip=1mA
Zero gate voltage drain current Ipss uA
Vos=50V, Vgs=0V
T;= 25°C - 0.1 1.0
T,= 125°C - 10 100
Gate-source leakage current Isss - 10 100 nA
Vas=20V, Vpg=0V
Drain-source on-resistance Ros (on) Q
Ves=10V, [ =32 A BUZ 12 - 0.024 0.028

BUZ 12 A - 0.030 0.035
Dynamic characteristics
Forward transconductance &is 12.0 23.0 - S
Vs 22 X Ip X R psionymax» Ip = 32 A
Input capacitance Ciss - 1700 2300 pF
Vas=0V, Vps=25V, f=1MHz
Output capacitance Coss - 800 1200
Ves=0V, Vpg=25V, f=1MHz
Reverse transfer capacitance Ciss - 280 420
Vas=0V, Vpg=25V, f=1MHz
Turn-on time t,, , (fon = 4 (on) + 1) 14 (ony) - 35 50 ns
Vop=30V, Vgs=10V, [ =3 A, Rgs =50 Q ‘ _ 85 130
Turn-off time Totf » (toff =14 off) + tf) 14 (off) - 220 280
VDD=SOV, VGS=10VYID=3A1RGS=SOQ I{ _ 140 180
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SIEMENS

BUZ 12
BUZ12 A

Electrical Characteristics (cont'd)
atT; = 25 °C, unless otherwise specified.

Parameter

Symbol

Values

min.

I typ.

| max.

Unit

Reverse diode

Continuous reverse drain current
Tc = 25 “C

42

Pulsed reverse drain current
T;=25°C

168

Diode forward on-voltage
Is=84A, VGS=0V

1.8

2.2

Reverse recovery time
Ve=30V, I =I5, dig / dt =100 Alus

80

ns

Reverse recovery charge
Va=30V, I =, dir / dt =100 Alus

0.14

ucC

Semiconductor Group
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SIEMENS BUZ 12

BUZ12 A
Characteristics at T;= 25 °C, unless otherwise specified.
Total power dissipation Typ. output characteristics
Py =f(T¢) Ip=f(Vos) BUZ 12
parameter: f, = 80 us
130 BUZ 12/BUZ 12A SIL02896 100 BUZ 1‘2 | “ 1 SIL02897
A, W I Ry=125W “-VGS—ZOV
10 V] [19vjev | 8v
T T 80 % /// ,7.5v
100 \ P
Y
90 70 / // /,/
/ / 7V
80 60 1)
.
70 50 1 / /| \)/7 6‘5|V
60 ,// / \\ |
// . 6V
50 40 / SN J
40 30 o= [~ .55
30 // i ™
20 5V—
20 // \
10 10 4.5V
0 4V
0 20 40 60 80 100 120 °C 160 0.0 1.0 2.0 3.0 40 V 5.0
— T —= Vs
Typ. output characteristics Safe operating area
Ip=f(Vos) BUZ12A Io=f(Vos)
parameter: z, = 80 us parameter: D =0.01, 7o =25 °C
BUZ 12A SIL03782 3 BUZ 12/BUZ 12A SI1L02898
100 ; 7 20!\/ N .
o A o= Ih A
P =125WY / 10v[av]ay
80 / 7.5V T
\[
70 \/ / y.. \\Q A
/ / 4 L~ v 102 b— $@
60 v/ F S A
/ /X 6.5V A Am
50 A 7 y
4 . ]
® % 28R = h Sk
* 1 NS Y10ms
30 7/ 5.5V 0 N
/ \'\_~ DC » { H
20 // 5Vi— 100ms
10 4‘5!\/—
0 T 4V 100
00 1.0 20 30 40 50V 6.0 100 10! 102 v 10

— s
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SIEMENS

BUZ 12
BUZ12 A

Typ. forward transconductance
8 =f Up)
parameter: 7, = 80 us

BUZ 12/BUZ 12A
30 B2 12/

SIL02900

9ss

o N o
——

0 5 10 1520 25 30 35 40 45 50 55 A 65

— I

Typ. transfer characteristics

Ip=f(Vgs)
parameter: t, =80 us, Vps =25V

SIL02899

BUZ 12/BUZ 12A
60 Pz 12/

Iy A

/
. /

40
35 /

30 /

25 [

20
15 /
10 /
5
/
0
0 1 2 3 4 5 6 7 8 V 10
— Vs
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Typ. drain-source on-resistance

Ros on) = f (I) BUZ 12
parameter: Vgg
0.09 BUZ 12 SIL02901
O [
Roson) |_Ves=SY 5.5V |6V [6.5¥ 7v| 7.5V |8V
0.07 /
0.06 / /
0.05 / y //
o ’ﬁ/ A
- — 9v
0.03 /41/7/ 7 -
0.02 == 2
0.01

00
0 10 20 30 40 50 60 70 80 A 100

— I

Typ. drain-source on-resistance

Ros on) =f p) BUZ 12 A
parameter: Vgg
BUZ 12A SIL03783
L e R ' ]
Ves=5V 5.5V BV .5V 7V| 7.5V |8V
Ros(on) I
T 0.09 I
0.08 /
0.07 /
005 |4 )
0.05 < /// //// / //
0.04 /C/éf L
" = feme? o
0.03 e e e
ov
0.02 2
0.01
0.00
0 10 20 30 40 50 60 70 80 A 100
— 1
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SIEMENS

BUZ 12
BUZ12 A

Drain-source on-resistance
Ros on) =f(T) BUZ 12
parameter: In =32 A, Vs =10V, (spread)

0.05 BUZ 12 SIL02902
Roston) 0 ///
0.04 ,/ -
/] //
4 4
0.03
/
/'/
AT Itve
0027
1
0.01
0.00 .
~80 -40 0 40 80 120 °C 160

—»Tj

Gate threshold voltage
VGS (th) =f(T])
parameter: Vgs = Vps, Ip = 1 mA, (spread)

BUZ 12/BUZ 12A SIL02903

5.0

\%
Vas(ih) s

i

3.6
3.2
2.8
2.4
2.0
1.6
1.2
0.8
0.4

-~

987

~

~

typ

2%

Lo

=

0.0
-60-40-20 0 20 40 60 80 100120 °C 160
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Drain-source on-resistance
Ros ony =f(T)) BUZ 12 A
parameter: Ip = 32 A, Vgg = 10 V, (spread)

BUZ 12A SIL03781

0.065

Roston) @

0.055
To.oso
0.045
0.040
0.035
0.030
0.025
0.020
0.015
0.010
0.005

0.000
-80

//
y

typ

\ \

120 °C 160

— T

-40 40 80

Typ. capacitances
C =1 (Vbs)
parameter: Vgs =0V, f=1MHz

101 BUZ 12/BUZ 12A SIL02904
¢ nF
T Ciss
10° K\ ~_
‘\ COSS
N
T~
\\ crss
107"
1072
0 5 10 15 20 25 30 V 40

— Ws




SIEMENS

BUZ 12

BUZ 12 A
Forward characteristics of reverse diode Avalanche energy Exs = f (T)
I =f (Vsp) parameter: Ip =42 A, Vpp =25V
parameter: T}, t, = 80 ps, (spread) Rgs=25Q,L=23.2puH
103 BUZ 12/BUZ 12A SIL02906 45 BUZ 12/A SIL02907
Ie p Exs md \
T - T 35—\
1 \
102 = 30
5 - 25
|
//ZA' | 20
’ / {r=150"C typ
10 . jfj: 25°C typ 15
s TH—1,=150°C (987%) \\
] 7= 25°C (98%) 10 \V
5
10° 0 \\\
0.0 1.0 2.0 vV 3.0 20 40 60 80 100 120 140°C160

— Wy

Drain current

Ip =f(T)
parameter: Vg > 10 V

BUZ 12/BUZ 12A SIL02905

45
A AN

Iy y

N\

N
s AN
“ \\‘\ BUZ 12
25 BUZ 12A\

0
0 20 40 60 80 100 120 °C 160

— T
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Transient thermal impedance

Zth JC =f(tp)

parameter: D=1,/ T

(o BUZ12/BUZ 124

'Fi)o' 1 fP FH
Fl= o | D=-
Zype | ’ T M
K/W( il
R,
10° = s
= aiilimes
1l P
ettt ;;v =0
e L 0.10
0= P 0,05
= :E = 0.02
A EHE == 0.01
=1 - B
single pulse I
V]
10—2_ J L]
1075 107 1073 1072 107" 10° s 10'
— 1
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SIEMEN BUZ 12
S BUZ12 A

Typ. gate charge
VGS =.f(QGate)

parameter: I ,;s = 63.0 A

16 BUZ_12/8U7 124 5IL02909
\
Ves 1 // //
I, //
a4
10VDSmux/ /40 VDSmux
10 s
8 /é/
/
T

A

./

0
0 10 20 30 40 50 60 70 nC 90

. OGuia
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SIEMENS

SIPMOS® Power Transistor BUZ 12 AL

® N channel

® Enhancement mode
® Logic Level

@ Avalanche-rated

Type Vos I Ros on) Package " Ordering Code
BUZ12AL ([50V 42 A 0.035Q | TO-220 AB C67078-S1332-A3

Maximum Ratings

Paramete;- Symbol Values Unit
Continuous drain current, 7o = 44 °C I 42 A
Pulsed drain current, T = 25 °C Ip puis 168

Avalanche current, limited by T} nax Ir 42

Avalanche energy, periodic limited by T max) Ep\r 2.5 mJ
Avalanche energy, single pulse Eps 41

Io=42 A, Vop = 25V, Res = 25 Q
L=232pH,T;=25"C

Gate-source voltage Ves 10 \Y
Gate-source peak voltage, aperiodic Vs +20

Power dissipation, To = 25 °C Py 125 w
Operating and storage temperature range T, Tyy -55..+150 ‘C
Thermal resistance, chip-case Ry ¢ <1.0 KW
DIN humidity category, DIN 40 040 - E -
IEC climatic category, DIN IEC 68-1 - 55/150/56

1) See chapter Package Outlines.
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SIEMENS BUZ 12 AL

Electrical Characteristics
at T; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. } typ. max.

Static characteristics

Drain-source breakdown voltage Vierypss |50 - - \
Vas=0V, Ip=0.25 mA

Gate threshold voltage Vas 15 2.0 25

Vas = Vps, Ip=1mA

Zero gate voltage drain current Ipss pA
VDS=5OV, VGS=0V

I;= 25°C - 0.1 1.0
T,=125°C - 1.0 100
Gate-source leakage current Igss - 10 100 nA
Ves=20V, Vps=0V

Drain-source on-resistance Roson) |— 0.030 0.035 Q

VGS=5V7[D=21A

Dynamic characteristics

Forward transconductance 8is 16.0 30.0 - S
Vbs 22 X Ip X Rpgionmax » Io = 21 A

Input capacitance Ciss - 2100 2800 pF
VGS=OV, VDS=25V7f=1 MHz

Output capacitance Coss - 800 1200

VGS =0V, VDS =25 V,‘f= 1 MHz

Reverse transfer capacitance Ciss - 280 450
Vas=0V, Vpg=25V, f=1MHz

Turn-on time f,, , (fon = ty(on) + 1) T4 (on) - 45 60 ns
VDDZSOV,VGSZSV,ID=3A,RGS=SOQ tr _ 1 0 240
Turn-off time ¢, {for = ta o + 1) 14 (offy - 270 350

VDD=30 V, VGS=5V1 1D=3A, RGS=SOQ 2 - 160 200
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SIEMENS BUZ 12 AL

Electrical Characteristics (cont'd)
atT; = 25 "C, unless otherwise specified.

Parameter Symbol Values Unit
min. [ typ. 1 max.

Reverse diode

Continuous reverse drain current I - - 42 A

TC = 25 oC

Pulsed reverse drain current Iy - - 168

Tc=25°C

Diode forward on-voltage Vso - 1.8 2.2 \Y

IS=84A, VGS=0V

Reverse recovery time te - 200 - ns

Va=30V, I =15, dig/dr =100 Alus

Reverse recovery charge O - 0.25 - uC

Va=30V, I =I5, dig/dt =100 A/us
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SIEMENS BUZ12 AL
Characteristics at 7= 25 "C, unless otherwise specified.
Total power dissipation Typ. output characteristics
P =f(T¢) Ip=f(Vos)
parameter: 7, = 80 us
12AL 11 BUZ 12AL SIL02912
130 BUZ SIL029 100 p _]125{,1 “ i
F;u? W [D A il \ 5V
0 / 5.5V
T " T 80 ‘\ //////
100 Vos=10VH—Ts 7 4
0oLV /| T
90 = /4 /,
80 v /
60 —.5v %
70 50 //) 4.5V
N
60 / // N
50 40 7 Y
/ s 4y
40 30—+ —+- =g
30 20 A 3.5V
20
fa |
10 10 v
0 ,\ 0 |
0 20 40 60 80 100 120 °C 160 0.0 1.0 2.0 3.0 40 V 5.0

— T

Safe operating area

Ip = f (Vps)
parameter: D = 0.01, T =25 °C

103 BUZ 12AL SIL02913
i - D-i
Iy A T
T ho-F 1 =40
2 C\;\Q / N ¥ (e
104 — S 100us
e S
$ NNEEI|
AN N S N
N \ ms
A N
\\\\\ \w !
1 ms
10 — !
NSl
OCTN 100ms
10°
10° 10! 102 v o108

— s
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Typ. transfer characteristics

Ip=f(Vas)
parameter: t, =80 us, Vpg =25V

BUZ 12AL SIL02914

70
I, A
60

|

55 |
/

/

/

50
45
40
35
30
25
20—

/

/

s /
/
/

10
5
0

01 2 3 4 5 6 7 8 V 10

— Vs
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SIEMENS

BUZ 12 AL

Typ. drain-source on-resistance

Rops (on) =f(ID)
parameter: Vg

0.11 BUZ 12AL SIL02915
. T
V=35V av| |45V v
RDS(on) Q
T 0.09
0.08

0.07 /
0.06

0.05 v
0.04 -] AR
’ /, 6V
0.03 = —

— et e
0.02
001 6.5v| 7v | 8V | 9V [10v
0.00

0 10 20 30 40 50 60 70 A 90

— I

Typ. forward transconductance

& =S (p)
parameter: 7, = 80 us

SIL02917

" k’

BUZ 12AL
40 P2 12

9ss 1

f i
|

0
0 5 101520 25 30 35 40 4550 55 A 65

e
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Drain-source on-resistance

Rps (on) =f(TJ)
parameter: I, =21 A, Vg5 =5V, (spread)

BUZ 12AL SIL02916

0.065

RDS(on) 0 //
T0.0SS V4

0.050 A

0.045

0.040 /’ 7
0.035 e

0.030 ,/// e
/

0.025
0.020
0.015
0.010
0.005

0.000
-80 -40 0 40 80

\ N\

120 “C 160

—»Tj

Gate threshold voltage

Vas (th) =f(Tj)
parameter: Vgs = Vs, Ip = 1 mA, (spread)

BUZ 12AL SIL02918

5.0

v
4.4
4.0
3.6
3.2
2.8 =<

2.4 -
2.0 el TS

Vos(in)

S+<g 7 98%

~

1.6 Pt 2% ~

121 -
0.8
0.4

0.0
-60-40-20 0 20 40 60 80 100120 "C 160

— T
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SIEMENS

BUZ 12 AL

Typ. capacitances

C=f (Vo)
parameter: Vgs =0V, f=1MHz
101 BUZ 12AL SIL02919
nF
\\\
\ — Ciss
\\
10° 2 —
\\ COSS
B N
\\ Crss
107!
1072
0 5 10 15 20 25 30 V 40

— s

Forward characteristics of reverse diode
Ir =f(VSD)
parameter: T}, t, = 80 us, (spread)

103 BUZ 12AL SIL02921
AN
T =
102 ///5
5 7=
A4 ||
7 .
/ T;=150°C typ
10’ == 25°C typ
s HE—r=150°C (98%)
,’ H;7rj= 25°C (98%)
10°
0.0 1.0 2.0 V30

——VSD
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Drain current

I =f(T¢)
parameter: Vgg 25V

BUZ 12AL SIL02920

45

T 35 \
. N\
. N\

N
2 \\
15
\
10 \

100 120 °C 160

—»TC

0
0 20 40 60 80

Avalanche energy E,s = f(T))
parameter: Ip =42 A, Vpp =25V
Res =50 Q, L =232 pH

|
45 BUZ 12AL S1L02922

Bs \
| \

30

25

20

5

10 \\
5

0 S~
20 40 60 80 100 120 140°C160

—
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SIEMENS BUZ 12 AL
Transient thermal impedance Typ. gate charge
Zingc =1 (tp) Vas =/ (Qcate)
parameter: D =t,/ T parameter: Ip s = 63 A
101 BUZ 12AL SI1L02923 16 BUZ 12AL SIL02924
7 /
S 14 /;/
T " £/
/ 4
100 - VDSmux:1ov /VDSmux:40v
H 10 /’
I 8 4/
/
6
10! = : //
o E 4
1 :
Af:’ single pulse 2
V] )
1072 - LU 0
10°5 10™* 10°% 1072 10" 10° s 10! 0 20 40 60 80 100 nC 120
—_— fp = OGafs
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SIEMENS

SIPMOS® Power Transistor

® N channel
® Enhancement mode
® Avalanche-rated

BUZ 15

VMT05152

Type Vos I Rops (on) Package " Ordering Code

BUZ 15 50V 45 A 0.03 Q TO-204 AE C67078-S1001-A2
Maximum Ratings

Parameter Symbol Values Unit
Continuous drain current, 7o = 28 °C I 45 A
Pulsed drain current, T = 25°C Ip pus 180

Avalanche current, limited by 7; .y Ing 45

Avalanche energy, periodic limited by T may Exr 25 mJ
Avalanche energy, single pulse Eps 11

Ip=42 A, Vop =25 V,Res = 25 Q

L =20.2pH, Tj=25°C

Gate-source voltage Vs +20 \
Power dissipation, 7¢ = 25 °C Py 125 w
Operating and storage temperature range T, Ty -55...+150 °‘C
Thermal resistance, chip-case Ry ic <1.0 K/W
DIN humidity category, DIN 40 040 - c -
IEC climatic category, DIN IEC 68-1 - 55/150/56

1) See chapter Package Outlines.
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SIEMENS

BUZ 15

Electrical Characteristics
atT; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. ‘ typ. l max.

Static characteristics

Drain-source breakdown voltage Vierypss |50 - - \'

VGS =0V, =025mA

Gate threshold voltage Vasay |21 3.0 4.0

Vas = Vos, Ip=1mA

Zero gate voltage drain current Inss pA

VDS=50V, VGS=0V

T,= 25°C - 0.1 1.0

T,=125°C - 10 100

Gate-source leakage current Igss - 10 100 nA

VGS=20V1 VDS=OV

Drain-source on-resistance Rosony |— 0.025 0.030 Q

VGS= 10V, ID=29A

Dynamic characteristics

Forward transconductance 8is 7.0 22.0 - S

Vbs 2 2 X Ip X Rogionymaxs Ip = 29 A

Input capacitance Cies - 1800 2400 pF

VGS =0 V, VDS =25 V,f= 1 MHz

Output capacitance Coss - 800 1200

VGS =0 V, VDS =25 V,f= 1 MHz

Reverse transfer capacitance Ciss - 280 450

VGS = 0 V, VDS = 25 V,f= 1 MHZ

Turn-on time o, , (fon = ty(on) + 1) I4 (on) - 35 50 ns

VDD=30Vv VGS=1OV,ID=3A,RGS=SOQ tr _ 85 130

Turn-off time Lot o (ton =14 (off) + t,) td (off) - 220 280

VDD=30V1VGS=10V11D=3A1RGS=SOQ tf - 140 0
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SIEMENS BUZ15

Electrical Characteristics (cont'd)
at T, = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. } typ. l max.

Reverse diode

Continuous reverse drain current I - — 45 A

Tc = 25 °C

Pulsed reverse drain current Iy - - 180

Tc=25°C

Diode forward on-voltage Vo - 1.8 2.2 \

Is=90A, Vgs=0V

Reverse recovery time t, - 80 - ns

V=30V, I =1g, dir/df =100 Alus

Reverse recovery charge (om - 0.14 - ucC

Ve=30V, =15, di: / dt =100 Alus
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SIEMENS BUZ15

Characteristics at 7;= 25 °C, unless otherwise specified.

Total power dissipation Typ. output characteristics
Py =f(T¢) I =f(Vos)
parameter:. 1, = 80 us
130 BUZ 15 SIL02146 100 BUZ ?5 — SIL02147
Py=125WA | 1 Ves=20V |
P, W PR ! / } ovlgv 8v
T 1o T 5 [ L/ AT o
100 \ 4 L~
[N
90 70 \
/ / y 7 V T 7V
80 60 , /)7/ P |
70 / 4 6.5V
60 oA 4 |
0 / WA 6V
50 / // <
40 30 //// s <7 SLSV-
e S~
30 ~
20 ,/ 5V —|
20 / 1 l
10 10 = 4.5V
1 |
0 0 4y
0 20 40 60 80 100 120 °C 160 0.00.51.01.52.0253.0354.045 V 55
— T = Vs
Safe operating area Typ. transfer characteristics
Ip =f (Vos) Ip=f(Vgs)
parameter: D =0.01,7; =25 °C parameter: £, =80 us, Vpg =25V
103 BUZ 15 SIL02148 50 BUZ 15 . SIL02149
7 f
I » Iy A [’
50
1,=36us I
TR .
ol AT i
102 Ry N 100us 40 /
z KN
) - 7 35 /
vV RS N i Tms|] 30 /
N e ] |T /
NI ST 25
\ AN g
10! N 10ms 20
NS
ST 15
~}100ms ‘0 /
NDC /
> /
10° 0 /
100 10! v 102 01 2 3 4 5 6 7 8 V 10
— s — Vs
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SIEMENS BUZ15

Typ. forward transconductance Typ. drain-source on-resistance
8is=f (o) Ros on) = f (Ip)
parameter: 7, = 80 us parameter: Vgg
30 BUZ 15 SIL02150 0.10 BUZ 15 SIL02157
s N
s 2 Rosten) 0 Vos=5.5V — BV —6.5V—7V— 7.5V —8V|
———
T 2 > T 0.08 /|
2 pa /]
0.07 L/
20 / / /
18 0.06 /,
16 7 0.05 L+ ,// //
14 [ // L r L~ d
12 0.04 =] 9V
f0 0.03 T | Ty
8 I ' [ e — "
6 0.02 70V
4
0.01
2
0 0.00
0 5 10 1520 25 30 35 40 45 50 55 A 65 0 10 20 30 40 50 60 70 80 A 100
— I — I
Drain-source on-resistance Gate threshold voltage
Rops (on) =f (Ti) Vas (th) =f (T,)
parameter: I, =29 A, Vs = 10 V, (spread) parameter: Vgs = Vi, Ip = 1 mA, (spread)
0.070 BUZ 15 SIL02151 5.0 BUZ 15 SIL02155
v
Rostony & Vostth) 44
0.060 / : S~ d
To.oss // T 4.0 i 24
0.050 /L, 3.6 TS
// - nC P
0.045 v 3.2 —
/ ~ P
0.040 v 2.8
0.035 %7 /] /|
. // / typ 2.4 <t
0.030 - <~k 2%
A 2.0 sl
0.025 vy - =<
0.020 A ' I~
0.015 —=1 -2
0.010 0.8
0.005 0.4
0.000 5 0.0 5
-80 -40 0 40 80 120 "C 160 -60-40-20 0 20 40 60 80 100120 °C 160
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SIEMENS

BUZ 15

Typ. capacitances

C=f(Vos)
parameter: Vgs=0V, f=1MHz

101 BUZ 15 SIL02152
¢ nF
T \ Clss
10° X\ ~_
\\ COSS
\\
o
hCrss
107!
1072
0 5 10 15 20 25 30 V 40

— s

Forward characteristics of reverse diode

Iz =f(Vsp)
parameter: T, , t, = 80 us, (spread)

103 BUZ 15 SIL02160
Ik A
T —
= _—
10? P i
5 A
p
//
1 L T;=150"C typ
10 fHHE—Ti= 25°C typ
5 HEET,=1507C (987)
—Tj= 25°C (98%)
10°
0.0 1.0 2.0 V30

— Yy
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Drain current

Ip = f(T¢)
parameter: Vgs =210 V

BUZ 15 SIL02154
50

N
35 AN

2 A\
20 N

0
0 20 40 60 80 100 120 °“C 160

‘bfc

Avalanche energy Exs =f (T)
parameter: I =45 A, Vpp =25V
Rgs =25 Q, L=20.2 pH

BUZ 15 SIL02158

45

EAS mJ
T 35 \

30

NS
20 40 60 80 100 120 140°C160

— T




SIEMENS BUZ15

Transient thermal impedance Typ. gate charge
Znyo =f (1) Vas = f (Qaate)
parameter: D=1,/ T parameter: Ip 5,5 = 63.0 A
16 BUZ 15 SIL02159
v
ks ¢ //
'/
I /
H VDSmux=0'2\/ASmux=0'8v
H 10 4
I T /
I il 8
T /’
I il /
A i
i
A/
1072 0
106 10'5 10" 103 1072 10- 1 10 s 10! 0 10 20 30 40 50 60 70 nC 90
- fp - OGaie
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SIEMENS

SIPMOS® Power Transistors

® N channel
® Enhancement mode
® Avalanche-rated

BUZ 16
BUZ 16 S2

VMT05152

Type Vos I Ros (on) Package " Ordering Code

BUZ 16 50V 48 A 0.018Q |TO-204 AE C67078-S1020-A2
BUZ16S2 |60V 48 A 0.018 Q | TO-204 AE C67078-S1020-A3
Maximum Ratings

Parameter Symbol Values Unit
Continuous drain current , To =79 °C I 48 A
Pulsed drain current, T = 25°C Ip pus 192

Avalanche current, limited by 7} nax I 48

Avalanche energy, periodic limited by 7T} imax Eq 4.5 mJ
Avalanche energy, single pulse Exs

Vop =25V, Res=25Q,T;=25C

I, =48A,L =31.3uH 72

Gate-source voltage Vas +20 \"
Power dissipation, Tc = 25 °C P 125 w
Operating and storage temperature range T;, Tyy -55..+150 °C
Thermal resistance, chip-case Ry sc <1.0 K/W
DIN humidity category, DIN 40 040 - C -
IEC climatic category, DIN IEC 68-1 - 55/150/56

1) See chapter Package Outlines.
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SIEMENS BUZ 16

BUZ 16 S2

Electrical Characteristics
atT; = 25 °C, unless otherwise specified.
Parameter Symbol Values Unit

min. ityp. ‘ max.
Static characteristics
Drain-source breakdown voltage Vier) pss \'
Vas =0V, Ip=0.25 mA BUZ 16 50 - -

BUZ 16 S2 60 - -

Gate threshold voltage Vesay | 2.1 3.0 4.0
Ves = Vos, [p=1mA
Zero gate voltage drain current Ipss HA
Ves=0V, Vpg=50V BUZ 16
Ves=0V, V=60V BUZ 16 S2 .
T,= 25°C - 0.1 1.0
I,=125°C - 10 100
Gate-source leakage current Isss - 10 100 nA
Vas=20V, Vpg=0V
Drain-source on-resistance Ros on) Q
Vas=10V, I, =40 A - 0.012 0.018
Dynamic characteristics
Forward transconductance 8ts 30 40 - S
VDS 22X ID X RDS(on)max
In=40A
Input capacitance Ciss - 2900 4300 pF
VGS=OV, VDS=25V!f=1 MHz
Qutput capacitance Coss - 1400 2100
Vas=0V, Vpg=25V, f=1MHz
Reverse transfer capacitance Ciss - 500 750
VGS = 0 V, VDS = 25 V,f= 1 MHZ
Turn-on time o, , (fon = g on) + ) L4 (on) - 55 80 ns
Voo=30V, Vgs=10V, I, =3 A, Rgs =50 Q : _ 140 210
Turn-off time Toff » (toﬁ =14 (offy + tf) L4 (off) - 420 560
VDD=30 V, VGS=10 Vy ID=3A» RGS‘__SOQ 1 - 250 330
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SIEMENS BUZ 16
BUZ 16 S2

Electrical Characteristics (cont'd)
at 7; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit

min. ] typ. i max.

Reverse diode

Continuous reverse drain current I - - 48 A
TC = 25 gC
Pulsed reverse drain current Isym - - 192
TC = 25 °(:
Diode forward on-voltage Vso - 1.6 2.0 \%
Is=96A, VGS=OV
Reverse recovery time te - 100 - ns
Va=30V, I =I5, diz / dt = 100 A/us

Reverse recovery charge O - 0.3 - ucC
Va=30V, =15, di: /dt =100 Alus
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SIEMENS BUZ 16

BUZ 16 S2
Characteristics at 7;= 25 °C, unless otherwise specified.
Total power dissipation Typ. output characteristics
Py =f(Tc) Ip =f (Vos) BUZ 16
parameter: 7, = 80 us
BUZ 16/BUZ 16S2 SIL02161 BUZ 16 SIL02162
130 110 ‘ "‘R'=1,25W |
Pot W Iy AFYs=—f17.5V 7vL6.5v
T 110 T 90 ;fgx I/{ // // gv
I/
9V
%0 80 =gy X 1
70 Y 5.5V
80 // /4 v L~
70 60 1 "4
60 50 ///// . 5v
50 40 / / /V \\‘
40 / // “Nes
30 / / ~:
i 2 W/ a5V ™
) 24 4v
10 10 WA —
1
0 S 0 B
0 20 40 60 80 100 120 °C 160 0.0 0.51.0 1.5 2.0 2.5 3.0 3.5 40 V 5.0
— T —= Vs
Typ. output characteristics Safe operating area
I =f(Vbs) BUZ 16 S2 Ip=f(Vps) BUZ 16
parameter: r, = 80 us parameter: D =0.01, Tc =25 °C
101 BUZ 16/BUZ 1652 SIL02167 103 BUZ 16 SIL02163
I
I,
nF o DA
A Nm— i
T NN Ciss L 1,=120us
— . NS AR
~ 4 EN|
100 \\ 0SS 1 02 :Qk%\e&/ < \\‘
~——— - = \\ ims
— ~ A3 I
== Crss A 3 § \\ !
N 3 N |
~ \u i
NS 10msH
N .
107" 10! AN N
— | I Ny '~
\C 100ms|
At f ‘
[ D= —7_ ~N I
- e
1072 100 -~ T t
0 10 15 20 25 30 V 40 10° 10! Vo102
— s — s
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SIEMENS

BUZ 16
BUZ 16 S2

Safe operating area

I =f (Vps) BUZ 16 S2
parameter: D =0.01, 7; =25 °'C
3 BUZ 1652 SIL02268
10 7 7
Iy A
T ,=85us
Y100us
102 = Hy
Qs Tt
ms
|
l
Oms
10!
1Ol)ms
I
DC
00 Il
10° 10! 102 v o103

Typ. transfer characteristics

Iy =f (Ves)
parameter: f, =80 us, Vpg =25V

SIL02164

BUZ 1
70 6/BUZ 1652

I, A
60
55
50
45
40
35
30
25
20
15
10

5

00123/4557sv1o

— Vs

T —
T ——
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Typ. forward transconductance
& =f (o)
parameter: £, = 80 us

50 BUZ 16/8UZ f6s2 SIL02165
9s S
T 40 T
/'
L1
35 A
% /

25 /
01/

0
0 5 10 15 20 25 30 35 40 45 50 55 A 65

—

Typ. drain-source on-resistance

RDS (on) =f(ID) BUZ 16
parameter: Vgg
BUZ 16 SIL02172
0.055 pR= 55V | 6V
RDS(on) Q /I
To.045 /'
0.040
pd yany,
0.035 v
v /| ey
0.030 o A "
0.025 — Tt
fummt o
0.020 T L A—"1 __—+75v
——— 8v
0.015
ELY
0.010 10V
20V
0.005
0.000
0 10 20 30 40 50 60 70 80 90 A 110

——>ID
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SIEMENS

BUZ 16

BUZ 16 S2

Typ. drain-source on-resistance Typ. capacitances
Ros on) = f (Ip) BUZ 16 S2 C=f(Vos)
parameter: Vg parameter: Vs =0V, f=1MHz

0.055 BUZ 1652 SIL02277 101 BUZ 16/BUZ 1652 SIL02167

’ 4.5V |5V [5.5V 6V6.5Y|7V7.5V|8V | gy
Ros(on) Q | F e
\\
0.045 / T \\\\ Ciss
0.040 I
100 \\\ coss

0.035 / —

0.030 / } Cres

0.025 i i/ y

0.020 //’l /5’/// 10V 107!

0.015 :ﬁﬁj/ — -

. e — =~
e ey g PRV

0.010 —3

0.005

0.000 1072

0 10 20 30 40 50 60 70 80 90 A 110 0 5 10 15 20 25 30 V 40
— Iy — W

Drain-source on-resistance Gate threshold voltage
Ros (on) =f (Tj) Ves (th) =f (TJ)

parameter: Ip = 40 A, Vgs =10 V, (spread)

SIL02166
/

0.032 BUZ 16/BUZ 1652

Rosgony &
0.028 /
To.ozs /
0.024 /
0.022 /
e

0.020 8% LA e

0.018 /1 e
0.016 /| =

0.014 ~
0.012
0.010
0.008
0.006
0.004
0.002

0.000
-80 -40 0 40 80

P typ

120 °C 160
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parameter: Vgs = Vs, Ip = 1 mA, (spread)

SIL02170

BUZ 16/BUZ 16S2
5.0 2216/

v
Vc;s(ch)44
T 40 T~ _98%

b
~

3.6 P
3.2 ~
2.8
2.4 [ =Sae

2.0 >y 275\
1.6 = -
1.2
0.8
0.4

-

typ

0.0
-60-40-20 0 20 40 60 80 100120 °C 160

— T

J
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SIEMENS

BUZ 16
BUZ 16 S2

Drain current

Ip=f(Tc)
parameter: Vgg> 10 V

BUZ 16/BUZ 1652 SIL02169

50

»
. \
’ \
0 \

\
15 \
10
5
0 -
0 20 40 60 80 100 120 °“C 160

— T

Forward characteristics of reverse diode

Ie = f (Vsp)
parameter: T}, t, = 80 us,(spread)

103 BUZ 16/BUZ 1652 SIL02175
/AN
T =
L
102 T
Va T
5
/4
[ A7=150°C typ
10' LT = 25°¢ ¢
fF— 1" P
s HELT,=150°C (98%)
f Ti= 25°C (98%)
10°
0.0 1.0 2.0 V3.0

— Vp
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Avalanche energy E,g = f(T))
parameter: Ip =48 A, Vpp =25V
RGS =25 Q, L=313 HH

75 BUZ 16/S2
\

SIL02173

EAS mJ
65
T 60
55
50 \
45 N
40 \
35 N\
30 A
N
25 N\
N
20 SN
15 AN
10 AN
5
0

N

<
20 40 60 80 100 120 140°C160

— 7

Transient thermal impedance

Zinyo =1 (1)
parameter: D=t,/ T

SIL02171

101 BUZ 16/BUZ 1652

Z thJC

T K/W

100

107

1072
1076 107° 10"‘ 1073 1072 107! 100s1o1

-1
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SIEMENS

BUZ 16
BUZ 16 S2

Typ. gate charge
Vas =f(QGate)

parameter: Ip s = 87.0 A

16 BUZ 16/BUZ 1652

SIL02174

Ves 1 /\/
! /|
: /
VDSmax'o ZV/ /VDSmuxzo'Bv
10 4

Va4
6 //

4 ]/

2

0

0 20 40 60 80 100 120 nC 160
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SIEMENS

SIPMOS® Power Transistor

® N channel
® Enhancement mode
@ Avalanche-rated

BUZ 20

Type Vos I Rps (on) Package " Ordering Code

BUZ 20 100V 135A 02Q TO-220 AB C67078-S1302-A2
Maximum Ratings

Parameter Symbol Values Unit
Continuous drain current, T, = 28 °C I 13.5 A
Pulsed drain current, To = 25 °'C Iy puis 54

Avalanche current, limited by Tj nax Ing 13.5

Avalanche energy, periodic limited by 7 max Epg 7.9 mJ
Avalanche energy, single pulse Eps 59

In=135A, Vpp=25V, Res=25Q

L=486uH,T;=25"C

Gate-source voltage Vas +20 \
Power dissipation, 7 = 25 'C Pt 75 w
Operating and storage temperature range T, Ty -55...+150 ‘C
Thermal resistance, chip-case R uc <1.67 KW
DIN humidity category, DIN 40 040 - E -
IEC climatic category, DIN IEC 68-1 - 55/150/56

1) See chapter Package Outlines.
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SIEMENS BUZ 20

Electrical Characteristics
atT; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit

min. typ. i max.

Static characteristics

Drain-source breakdown voltage Vierypss | 100 - - \
Ves =0V, Ip =0.25 mA

Gate threshold voltage Vas ) 21 3.0 4.0

Vas = Vos, Ip=1mA

Zero gate voltage drain current Ipss A
Vos=100V, Vgs=0V

T,= 25°C - 0.1 1.0

T,= 125°C - 10 100
Gate-source leakage current Igss - 10 100 nA
VGS=20V? VDS=OV

Drain-source on-resistance Rosen) |— 0.125 0.2 Q

Ves=10V, I =8.5A

Dynamic characteristics

Forward transconductance 8ts 3.0 4.7 - S
VDS >22Xx ID X RDS(on)maxv ID =85A

Input capacitance Ciss - 400 530 pF
Ves=0V, Vps=25V,f=1MHz

Output capacitance Coss - 120 180
Vas=0V, Vpg=25V, f=1MHz

Reverse transfer capacitance Cres - 70 105
Vas=0V, Vpg=25V, f=1MHz

Turn-on time o, (fon =ty (on) + 1) 14 (on) - 10 15 ns
Vop=30V, Vgs=10V, [ =3.0 A, Rgs =50 Q 1 _ 45 70

Turn-off time to , (foyr =ty (o + 1) T4 (offy - 55 75
Voo=30V, Vgg=10V, I =3.0 A, Rzs=50Q 4 _ 40 55
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SIEMENS

BUZ 20

Electrical Characteristics (cont'd)
at7; = 25 °C, unless otherwise specified.

Parameter Symbol Values

Unit

min. ‘ typ. I max.

Reverse diode

Continuous reverse drain current I - - 13.5
TC= 25 aC

Pulsed reverse drain current Iy, - - 54
TC = 25 °C

Diode forward on-voltage Vsp - 1.4 1.6
Is=27A,Vgs=0V

Reverse recovery time te - 170 -
Va=30V, Ig = I, dir / dt = 100 A/us

ns

Reverse recovery charge O - 0.30 -
Va=30V, I =1, dir / dt = 100 A/us

ncC
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SIEMENS BUZ 20

Characteristics at 7;= 25 °C, unless otherwise specified.

Total power dissipation Typ. output characteristics
P =f(Tc) Ip=f(Vos)
parameter: £, = 80 us
BUZ 20 SIL02836 BUZ 20 S1L02838
80 30
y NEEAEE]
] T
Aot o AN fo e les=200) 10V
T ) 24
60 \/ 9y
22 7
\ 20 Y,
% N\ | 18— r/\ 8V —
\\ 16 I //// \
“ N\ sy LN
= 6.5
\ 10 N U
— <~ v
y 5.5V
\\ / sv
10 4
N 2 4.5v_|
AN 4V|
0 0=l I 1
0 20 40 60 80 100 120 °C 160 01234567 891011V13
e TC e VDS
Safe operating area Typ. transfer characteristics
I =f(Vos) Ip=f(Vas)
parameter: D =0.01, 7o =25 °C parameter: #, = 80 us, Vps =25V
102 BUZ 20 i - SRL02837‘ 24 BUZ 20 SIL02839
]{ [/ =épé “
Iy g ] =33 1"0“5 ! Iy A
\o A N I 20
T 3 9 e | 18 /
S L \ 100us| '
o LSS NI ! 16 /
A== /
AN N 1ms 14
NI l
\ 12
W 10ms /
\\\\ 10 y
10° 100ms 8 /
) DC i 6 /
4 /
1l 2 i / L
il 0 /
10? v 108 01 2 3 4 5 6 7 8 V 10
— W — Vs
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SIEMENS

BUZ 20

Typ. drain-source on-resistance

RDS (on) =

parameter:Vgg

f(ID) RDS (on) =f(T|)

BUZ 20 SIL02840

0.65 B | 0.45
Ros(on) @ hs=V B Y Roson) q
0.55 PLHHH
To.so [5.5v | 6.5 [7.5v 055
0.45 ] 0,30
0.40 [/
0.35 4 / , 0.25
0.30 —A—A
717 0.20
0.25
AANN) yan 0.15
0.20 A= A A
0.15 I 0.10
0.10 - 20v
0.05
0.05
0.00 0.00

0246 8101214161820222426 A 30

Typ. forward transconductance

& =1 (o)
parameter: 1, = 80 us

6.0
9is S
T 5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0

0.5
0.0

— )

BUZ 20 SIL02842
- 5.0

yooo oV

GS(th)

- 4.4
T 40

y 3.6
/ 3.2

/ 2.8

/ 2.4
2.0
1.6
1.2
0.8
0.4

T~

0 2 4 6 8 10 12 14 16 18 A 22

— 1
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BUZ 20

Drain-source on-resistance

parameter: I, = 8.5 A, Vgs =10V, (spread)

SIL02841

ya

7

/

-80

7’
,I
98% V4
v
/
- L~ typ
e
_
-40 0 40 80 120 °C 160

Gate threshold voltage
Vas (th) =f(TJ)
parameter: Vgs = Vg, Ip = 1 mA, (spread)

BUZ 20 SIL02843
<J_
S~+. 98%
<L
k) I~
Fea_

I~

\‘\\ typ

‘\“
\%

~d

S 2%

-~

0.0
-60-40-20 0 20 40 60 80 100120 °C 160

— T
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SIEMENS

BUZ 20

Typ. capacitances

C=1(Vos)
parameter: Vgs =0V, f=1MHz

SIL02844

BUZ 20
10!

nF

\\ ciss

77

f—
i coss

107

1072
0 5 10 15 20 25 30 V 40

———»VDS

Forward characteristics of reverse diode

Ir=f (Vsp)
parameter: T}, t, = 80 us, (spread)

102 BUZ 20 SIL02848
:
I A —
Vo Z7m=
o
10 Wi/
177
5 1
11/
1
L 7j=150°C typ
10° HH=—=T;= 25°C typ
5 "’H —i7,=150°C (98%)
H/ Tj= 25°C (98%)
107! "
0.0 1.0 2.0 vV 30

— Vo
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Drain current

Ip=f(Tc)
parameter: Vgs2 10V

14 BUZ 20 SIL02845
N\
I A N
12 \\
T 1 \\
10

/|

O A4 N N U o N

\

\
\
|

0 20 40 60 80 100 120 °C 160

— T

Avalanche energy Exs = f (T)
parameter: Ip=13.5 A, Vpp =25V
Rgs=25Q, L =486 uH

BUZ 20 S1L02847
60

Eps md \
T 50 \
45
40 \
35
30
25
20

15
N
10 AN
5 \‘
N
0
20 40 60 80 100 120 140°C160

—

=
e
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SIEMENS

BUZ 20

Transient thermal impedance

Zinsc =f(tp)
parameter: D =1,/ T

SIL02846
i

10T

thJC

T K/W

100

N

T TTTIT

T
I

r
1 0-2 II|||

10s 10-5 1074 10'3 102 101 109 s 10!

-t
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Typ. gate charge
VGS =f(QGate)

parameter: Ip 55 =21.0 A

16 BUZ 20

SIL02849

v

v
514
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AN

l/I)Smux:zov

NN
\\

0 10 20 30

40

50 60nC70

. OGuie



SIEMENS

SIPMOS® Power Transistor BUZ 21

® N channel
@ Enhancement mode
® Avalanche-rated

Type Vos Iy Robs (on) Package " Ordering Code
BUZ 21 100V 21A 0.085Q |TO-220 AB C67078-S1308-A2

Maximum Ratings

Parameter S‘y’- ol Valiues (¢
Continuous drain current, T = 25 °C I 21 A
Pulsed drain current, 7o = 25 °C Ip pus 84

Avalanche current, limited by T nax L 21

Avalanche energy, periodic limited by 7} iax Eq 1 mJ
Avalanche energy, single pulse Eys 100

In=21A Vpp=25V,Rss=25Q

L=3840pH, T)=25°C

Gate-source voltage Vas +20 Y
Power dissipation, T = 25 °C Py 75 W
Operating and storage temperature range T, Ty -55...+150 °C
Thermal resistance, chip-case Ry ¢ <1.67 KW
DIN humidity category, DIN 40 040 E -
IEC climatic category, DIN IEC 68-1 55/150/56

1) See chapter Package Outlines.
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SIEMENS BUZ 21

Electrical Characteristics
at 7, = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. I typ. 1 max.

Static characteristics

Drain-source breakdown voltage Vierypss | 100 - - \'%

Ves =0V, Ip =0.25 mA

Gate threshold voltage Veswy |2.1 3.0 4.0

Vas = Vos, Ip =1mA

Zero gate voltage drain current Ipss A

Vbs =100V, Vgs=0V

T,= 25°C - 0.1 1.0

T,=125°C - 10 100

Gate-source leakage current Igss - r10 100 nA

VGS=20V! VDS=0V

Drain-source on-resistance Rosony |— 0.065 0.085 Q

Ves =10V, I =13 A

Dynamic characteristics

Forward transconductance 8ts 8 11 - S
Vs 22 X Ip X Rpgionymax » In = 13 A

Input capacitance Ciss - 1000 1300 pF
Vas =0V, Vps=25V, f=1MHz

Output capacitance Coss - 300 530

Vas =0V, Vpg=25V, f=1MHz

Reverse transfer capacitance Crss - 150 240
Vas=0V, Vps=25V, f=1MHz

Turn-on time t,y, (fon = 24 (on) + 1) 14 (on) — 25 40 ns
Voo =30V, Vgs=10V, Ip =3 A, Rgs =50 Q I _ 50 75

Turn-off time to, (forr = 14 oy + 1) 14 (ofty - 160 210

Voo =30V, Vag=10V, Ip =3 A, Rgs =50 Q i _ 80 110
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SIEMENS

BUZ 21

Electrical Characteristics (cont'd)

at T; = 25 °C, unless otherwise specified.

Parameter

Symbol

Unit

min.

Reverse diode

Continuous reverse drain current
TC = 25 uC

21

Pulsed reverse drain current
Tc=25°C

84

Diode forward on-voltage
Is=42 A Vgs=0V

1.3

1.7

Reverse recovery time
Va=30V, If =g, dig / dt = 100 Alus

150

ns

Reverse recovery charge
Ve=30V, [ =1Ig, dir / df = 100 A/us

0.48

ucC

Semiconductor Group
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SIEMENS

BUZ 21

Characteristics at 7, = 25 "C, unless otherwise specified.

Total power dissipation
P =f(Tc)

80 BUZ 21 SIL02176
PM \\
70
T N
60
50 \\
40 N
N
30
20 \\
10 N\
0 p
0 20 40 60 80 100 120 °C 160
— T
Safe operating area
Ip = f (Vbs)
parameter: D = 0.01, T =25 °C
102 BUZ 21 S _ SIL02178
A= ;‘;:(;5-8/15 A
) T \SFR * s
oA NS i
——' g \\ l
RS W v | | |[Ni100us
/' N1, N
Y \\ S
10! N n_ ¢
NS, Tms
N
N
N !
\\ '} 10ms
0 \\\
10 100ms
DC
102 v 10°
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Typ. output characteristics

Io=f(Vos)
parameter: £, = 80 us

BUZ 21

SIL02177

50

Rur=TSW

»

35 /
LK/ 7

30

25

20 l

-~

Typ. transfer characteristics

Ip =f(Ves)
parameter: t, =80 us, Vps =25V

60 BUZ 21

SIL02179

Iy A

,/
/

T 50
45

40

35

30

\\\

: /

20

15

10

> /

0
01 2 3 4 5 6
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SIEMENS BUZ 21

Typ. drain-source on-resistance Drain-source on-resistance
RDS (on)=f(ID) RDS(on)zf(Tj)
parameter: Vg parameter: I, = 13 A, Vgs = 10 V, (spread)
0.26 BUZ 21 . SIL02187 0.20 BUZ 21 SIL02181
' Ves=5.5Y) |6V 6.5V |7V | 7.5V ’
Roston) / / I } Rosten) 0
T 022~/ 4
0.20 -2, // | 018
0.18 / 0.14 /
4v4 /) 2%
0.16 — 0.12 / /
A v / / . 7
014t A / 987% |/
-~ |~ 7 /8\/ 0.10 i
0.12 , - AV
— T — 0.08 %
0.10 - e\ : // yp
——T
0.08 — —— 110V 0.06 ,//
0.06 —— -
' 20v 0.04 —+=
0.04
0.02 0.02
0.00 0.00
0 5 10 15 20 25 30 35 40 A 50 -80 -40 O 40 80 120 °C160
— I e T
Typ. forward transconductance Gate threshold voltage
8is =f Ip) Vas @ =1 (T)
parameter: 1, = 80 us parameter: Vgs = Vps , Ip = 1 mA, (spread)
BUZ 21 SIL02180 BUZ 21 SIL02185
20 ‘ i 5.\(/)
7
95 S Gs(m)A_4 4
T 16 | 40 == 98%
14 — . Bl S
3.2 et
12 yd P
// 2.8 - -
10 24| TS ~~—
w1 2%
8 2.0 St
6 / 1.6 T
4
I | 0.8
2 [ | 0.4 f
0 | I 0.0 \
0 5 10 15 20 25 30 35 40 45 A 55 -60-40-20 0 20 40 60 80 100120 "C 160
—— [0 —_— TJ
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SIEMENS

BUZ 21

Typ. capacitances

C=f(Vos)
parameter: Vgs=0V, f=1MHz
101 BUZ 21 SIL02182
¢ nF
100 \. — Clss
\ \\
A .
S
\ .~
AN
\\ Coss
—— C
107! =
1072
0 5 10 15 20 25 30 V 40

~—>VDS

Forward characteristics of reverse diode

Ie=f (Veo)
parameter: T;, t, = 80 us, (spread)

102 BUZ 21 SIL02190
[F A ~ 1'4' "
A A
.4 ;
7
10' //
14/
HiT
5 i
/
Il
I/ _{1,=150"C typ
10° FEEf=Ti= 25°C e
s HH—r=150°C (98%)
- Tj= 25°C (98%)
107
0.0 1.0 2.0 V3.0

— ly
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Drain current

Ib=f(Tc)
parameter: Vgs =210V

97 BUZ 21 SIL02184
Iy A N\
b <

16 \

14 N

6 \
\
\

100 120 °C 160

— T

o N

0 20 40 60 80

Avalanche energy E,s=f (T)
parameter: Ip =21 A, Vpp =25V
Rss =25 Q, L =340 uH

BUZ 21 SIL02188

110

Es md

T 90
80 \

70—\

60

50

40

30 \

20 N

10 N

0 -
20 40 60 80 100 120 140°C160
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SIEMENS BUZ 21

Transient thermal impedance Typ. gate charge
Zinac=f(t) Vas = f (Qgate)
parameter. D=1,/ T parameter: Ip s = 36.0 A
101 _ SIL02186 16 BUZ 21 SIL02189
\
ZthJC VGS 14 /, 1/
T K/W T '/
. )
0
10 10 |/IJSmcx'O'ZV ,/ VDmux=0'8V
8 / 1/
a4
oL/
10! /
4
I/ 2
i IIII IIIIII II
10-2 |||I||| 0
106 10°5 10~* 1073 10-2 10-1 100 s 101 0 10 20 30 40 50 60nC70
- iP - OGufe
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SIEMENS

SIPMOS® Power Transistor BUZ21L

® N channel

® Enhancement mode
® Logic Level

® Avalanche-rated

Type ‘ Vos Ip Ros (on) ! Package " TOrdering Code
BUZ 21 L ﬁ 100V 21A 0.085Q |TO-220 AB ' C67078-S1338-A2

Maximum Ratings

Parameter ' * Symbol Values Unit
Continuous drain current, 7o =25 °C ‘ Iy 21 A
Pulsed drain current, 7o = 25 °C Ip puis 84

Avalanche current, limited by 7} Ing 21

Avalanche energy, periodic limited by 7} may Enr 115 mJ
Avalanche energy, single pulse 7 Eps 100 -
In=21A, Vpp =25V, Rgs=25Q

L=340uH, T;=25°C

Gate-source voltage Vs +10 \%
Gate-source peak voltage, aperiodic Vg: +20

Power dissipation, T =25 °C Pt 75 w
Operating and storage tempe;éture range T;, Ty -55...+150 - °C
Thermal resistance, chip-case Ry s <1.67 K/W
DIN humidity category, DIN 40 040 E -
IEC climatic category, DIN IEC 68-1 ) 55/150/56

1) See chapter Package Outlines.
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SIEMENS BUZ21L

Electrical Characteristics
at T; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. i typ. max.

Static characteristics

Drain-source breakdown voltage Vierypss | 100 - - \
VGS =0V, Ip=0.25mA

Gate threshold voltage Vas 1.5 2.0 25 \'%
Vas = Vos, Ip =1 mA

Zero gate voltage drain current Ipss uA
Vos=100V, Vgs=0V

T,= 25°C - 0.1 1.0
T,=125°C - 10 100
Gate-source leakage current Igss - 10 100 nA
Vas=20V, Vpg=0V

Drain-source on-resistance Roseny |- 0.075 0.085 Q

VGS=5V,[D=10.5A

Dynamic characteristics

Forward transconductance &is 8 14 - S
VDS 22X ID X RDS(on)max y ID =105A

Input capacitance Ciss - 1200 1500 pF
Vas =0V, Vpg =25V, f=1MHz

Output capacitance Coss - 320 580
Vas=0V, Vps=25V, f=1MHz

Reverse transfer capacitance Cies - 160 260
VGS=OV, VDS=25V,f=1 MHz

Turn-on time o, , (fon = t4 (o) + &) T4 (on) - 25 40 ns
VDD=30V,VGS=5V,ID=3A,RGS=SOQ tr _ 110 170

Turn-off time o, (fort = g ot + 1) Is o - 210 270
VDD=3OV1 VGS=5V!1D=3A’RGS=SOQ t _ 100 130
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SIEMENS

BUZ21L

Electrical Characteristics (cont'd)
at T; = 25 °C, unless otherwise specified.

Parameter Symbol Values

min. ‘ typ. ’ max.

Unit

Reverse diode

Continuous reverse drain current Is - - 21
TC = 25 QC

Pulsed reverse drain current Ism - - 84
To=25°C ‘

Diode forward on-voltage Vso - 1.35 1.7
Is=42A, VGS=OV

Reverse recovery time t - 150 -
Ve=30V, I = I, dir / dt = 100 A/us

ns

Reverse recovery charge O - 0.58 —
Va=30V, I =g, dir / dt = 100 Alus

nC
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SIEMENS BUZ21L

Characteristics at 7, = 25 "C, unless otherwise specified.

Total power dissipation Typ. output characteristics
Pyt =f(Tc) Ip =f(VDS)
parameter: t, = 80 us
80 BUZ 21L SIL02926 50 BUZ 21L ' 1 SIL02927
W 0 ‘
Pot 70 AN Iy A \_‘ gv§17v6 =
SV 6V L
T N\ T “ \/// ///// P Sisv
60 7 :1ov/ /
35 S A// ,/ //j' - 5
AN
50 \\ 30 /< 4
40 \\ 25 // // N 4.5V
\ e
20 N
30 |- R \ 4 N o
N
20 \ / ~-
\ 10 % .
3.5V
10 N\ :
N 5 -~
3y
0 0
0 20 40 60 80 100 120 °C 160 00 10 20 30 40 50V 6.0
— Tc R VDS
Safe operating area Typ. transfer characteristics
g "
Ip = f (Vos) Ip=f(Vas)
parameter: D = 0.01, T =25 °C parameter: t, =80 us, Vps =25V
102 BUZ 21L — SIL02928 60 BUZ 21L SI1L02929
e oo S B T
It re us A
A NS M "y [
RS N | 50 /
SR TN oops /
B4 N 45 —
/NS S| /
10! e W 40
\“ S Tms 35 —
AN 3 I
NCAEAL 30
\\ "10ms /
NS 25
NI /
100 NN100ms 20 /
DC 15 /
10 /
5 /
107" 0
100 102 v o103 01 2 3 4 5 6 7 8 VvV 10
— Vs — Vs
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SIEMENS

BUZ 21 L

Typ. drain-source on-resistance

RDS (on) =f (ID)
parameter: Vgg

0.26 BUZ 21L SI1L02930
' Vgs=3.5 4 | 45V 5V
RDS(on) 0 /
T 0.22 f
0.20 //
0.18 £ /
0.16 /
0.14 /
0.12 /,/ // oy
0.10 //// 55
0.08 — 4/// [\
R I s e ey, st R P LYY
0.06 —
0.04
0.02 7V | 8v | 9V [10v
0.00
0 5 10 15 20 25 30 A 40
— 1

Typ. forward transconductance

8 =1 (o)
parameter: 7, = 80 us

20
Gts S

BUZ 21L

SIL02932

//
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0
0 5 10 15 20 25 30 35 40 45 50 A 60

—

Ip

Drain-source on-resistance

RDS (on)=f(Tj)
parameter: Ip = 10.5 A, Vg5 =5V, (spread)

BUZ 21L SIL02931

0.20

Roston) 0

T 0.16

typ

A\
\

0.02

0.00 .
80 -40 0 40 80 120°C160

— T

Gate threshold voltage
VGS (th) =f(T|)
parameter: Vgs = Vps, Ip = 1 mA, (spread)

BUZ 21L S1L02933
5.0

Vas(in) s

4.0
3.6
3.2
2.8 <

2.4
2.0 B G IS N

1.6 o

=t 98%

J<_12% <

~

1.2 =
0.8 S
0.4

0.0
-60-40-20 0 20 40 60 80 100120 °C 160
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SIEMENS

BUZ 21 L

Typ. capacitances

C=f(Vos)
parameter: Vgs =0V, f=1 MHz

101 BUZ 21L SIL02934
Conr
' G
100 B iss
™
\
AN
AN
N T—
e~
— Coss
\
107! = Crss
1072
0 5 10 15 20 25 30 VvV 40

— s

Forward characteristics of reverse diode

I = f(Vsp)
parameter: T;, t, = 80 us, (spread)

102 BUZ 21L SI1L02938
IF A ":4 —
'/
T ‘,
/
10! /
/e
5 HH
il
0 [[| | tr=150"C 1yp
10 I Ti= 25°C typ=———
s if 7;=150"C (98%)
ﬂL/ Tj= 25°C (98%)
107! r‘ﬂ
0.0 1.0 2.0 v 30

— Yy
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Drain current

Ip=f(T¢)
parameter: Vgg 25V

BUZ 21L SIL02935

22

Iy A

0
0 20 40 60 80 100 120 'C 160

— T

Avalanche energy Es=f ()
parameter: Ip = 21A, Vpp =25 V
Rgs=25Q, L =340 uH

BUZ 21L SIL02937

Es m

Tgo

N

10 AN

0 S~
20 40 60 80 100 120 140 C160
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BUZ21L

SIEMENS

Transient thermal impedance Typ. gate charge
Zinsc =1 (1) Vas =f (Qcate)
parameter: D=1,/ T parameter: Ip s = 31.5 A
101 SIL02936 16 BUZ 21L SIL02939
e | hs /
K/W 14
T T /
/
100 VDSmax:ZOV A)Smax:aov
10 //
5 1/
/ 4
. /)
10~ / /
|
E smgle pulse|| 2 I
i 0
107¢ 1075 10~ 1073 10~ 2 107" 100 s 101 0 10 20 30 40 50 60 70 80 nC 100

-~ ocaﬂs

-
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SIEMENS

SIPMOS® Power Transistor

® N channel
® Enhancement mode
@ Avalanche-rated

BUZ 22

Type Vos I, Ros (on) Package " Ordering Code

BUZ 22 100V 34 A 0.055Q | TO-220 AB C67078-S1333-A2
Maximum Ratings

Parameter Symbol Values Unit
Continuous drain current, 7o = 27 °C I 34 A
Pulsed drain current, T = 25 °C Ip puis 136

Avalanche current, limited by T; max I 34

Avalanche energy, periodic limited by 7j max Exr 15 mJ
Avalanche energy, single pulse Exs 220

In=34 A, Vpp =25V, Rgs=25Q

L=2855uH, T;=25"C

Gate-source voltage Vs +20 \
Power dissipation, T¢ = 25 °C Py 125 W
Operating and storage temperature range T, Tyg -55...+150 °C
Thermal resistance, chip-case Ry e <1.0 K/W
DIN humidity category, DIN 40 040 E -
IEC climatic category, DIN IEC 68-1 55/150/56

1) See chapter Package Outlines.
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SIEMENS

BUZ 22

Electrical Characteristics
at7; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. l typ. i max.

Static characteristics

Drain-source breakdown voltage Vierypss | 100 - - \

Vas =0V, I =025 mA

Gate threshold voltage Vas an) 2.1 3.0 4.0

VGS= VDS!1D=1 mA

Zero gate voltage drain current Ipss UA

VDS = 100 V, VGS=OV

I,= 25°C - 0.1 1.0

T,=125°C - 10 100

Gate-source leakage current Igss - 10 100 nA

VGS=20VYVDS=OV |

Drain-source on-resistance Ros (on) 0.05 0.055 Q

Vas=10V, [ =22 A

Dynamic characteristics

Forward transconductance 8is 10 17.5 - S

Vs 22 X Ip X Rpsionymaxs Ip = 22 A

Input capacitance Ciss - 1400 1850 pF

Ves =0V, Vpg=25V, f=1MHz

Output capacitance Coss - 450 700

Vas =0V, Vpg=25V, f=1MHz

Reverse transfer capacitance Cres - 230 370

Ves =0V, Vps=25V, f=1MHz

Turn-on time oy, (fon = g (on) + %) 14 (on) - 20 30 ns

Vob =30V, Vgs=10V, I =3 A, Rgs =50 Q P _ 80 120

TUM-0ff M g, (fog = £ oty + 1) o |- 230 300

Voo =30V, Vas=10V, I =3 A, Rgs =50 Q 4 - 120 160
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SIEMENS

BUZ 22

Electrical Characteristics (cont'd)
atT; =25 °C, unless otherwise specified.

Parameter Symbol Values

Unit

min. 1 typ. l max.

Reverse diode

Continuous reverse drain current I - - 34
Tc=25°C

Pulsed reverse drain current Isy - - 136
TC = 25 EC

Diode forward on-voltage Vo - 1.4 1.8
Is=68A, Vgs=0V

Reverse recovery time te - 130 -
Ve=30V, I =g, di / dt = 100 A/us

ns

Reverse recovery charge On - 0.7 -
Va=30V, I = I, di / dt = 100 Alus

ncC
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SIEMENS BUZ 22

Characteristics at 7, = 25 “C, unless otherwise specified.

Total power dissipation Typ. output characteristics
P =f(T¢) I =f (Vos)
parameter: 7, = 80 us
BUZ 22 SIL02191 BUZ 22 SIL02192
130 1o 105wk ez 20V ]
tot / 10V-9V
Py W n A '
tot 0 ! / / / 8v
110 65
T T o0 / 7.5V
100 -
55 _/ 7 -
90 s IR / 4=
80 45 / /{/////
70 40 / ,///‘//// o
60 35 / / // )\/ 6V —
50 30 v/ !////) (
NN/ /S 5.5V
40 2 / g Seo
30 15 v =]
20 Ny /S 45V,
10 5 — v
0 - 0
0 20 40 60 80 100 120 °C 160 o 1 2 3 4 5 6 VvV 8
— T = Vs
Safe operating area Typ. transfer characteristics
Ip = f(Vbs) Ip =f (Vas)
parameter: D = 0.01, 7 =25 °C parameter: t, = 80 us, Vps =25V
103 BUZ 22 SIL02193 75 BUZ 22 SIL02194
At— ph
Iy A ’ b=7 L A /
T 65 /
T T f | 60 /
55 /
<= HHRA=19us /
102 \ NN 50
V= f /
\&, I 45
— A e £ /
[ &° N Y
QS N N \‘ l 35
NS | N[N ims 30
\
10! DS | 25 /
ANE ;
i AN 10ms 20 y/
X ! 15 /
N l /
N[N I 10
N 100ms
5
100 ne ‘ ‘ 0 I
100 10! 102 v 10% 0o 1t 2 3 4 5 6 7 8 V 10
—= s — Vs
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SIEMENS BUZ 22

Typ. drain-source on-resistance Drain-source on-resistance
Rps (on)=f(10) Rps (0n)=f(Tj)
parameter: Vg parameter: I =22 A, Vg = 10 V, (spread)
0.18 BUZ 22 SI1L02202 0.12 BUZ 22 SIL02196
T [TTT1 [ 1] '
Roston) | _Ves=5Y] |5:5V | 6V 6.5V 7v|7.5V 8V Roston) &
/ l I T 0.10
0.14 /, I 0.09 /
0.12 0.08 —
/ / %
e L/ / ) 0.07 /[ /|
0.10 ' '
e v
> P // N Y 0.06 ?
— o~ P
ST AT 0.05 /é/
0.06 =T ———"" — 0.04 -
T 1ov S
0.04 :
20V 0.02
0.02 0.01
0.00 0.00
0 10 20 30 40 50 60 A 75 -80 -40 0 40 80 120 'C 160
——— [D JE—— ]'j
Typ. forward transconductance Gate threshold voltage
8is =f (Ip) Vas (th) =f(Tj)
parameter: t, = 80 us parameter: Vs = Vps, Ip =1 mA, (spread)
29 BUZ 22 - SIL02195 5.0 BUZ 22 SIL02200
’ ]
\
s S == Vcs(th)4 4 #[ e
7 ¢ S=o
18 “Y~o 987%
T |40 =22
16 /e = 3.6 | T
/ - S
14 / — 3.2 -
/ VP
12 / 1 2.8
2.4 ==
10 Fesecl 2%
2.0 =E S
8 TS
1.6 TS
6 - I —
12—
4 0.8
2 0.4 —
0 0.0 [ 1 |
0 10 20 30 40 50 60 A 70 -60-40-20 0 20 40 60 80 100120 C 160
— — T

]
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SIEMENS

BUZ 22

Typ. capacitances

C=7(Vos)
parameter: Vgs=0V, f=1MHz

101 BUZ 22 SIL02197
¢ nf
N :
0 SS
10 =
A
N —
\\ Coss
—
CFSS
107!
1072
0 5 10 15 20 25 30 V 40

— s

Forward characteristics of reverse diode

Ie=f (Vo)
parameter: T, , = 80 us, (spread)

103 B2 SIL02205
102 P e
5 7 ,':,
v/ ,/
/lf

1 {_+7;=150°C typ
10 == 25°C typ
s HIE7=150°C (98%)

1 Tj= 25°C (98%)

o L

0.0 1.0 2.0 vV 3.0

— Yy
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Drain current

Ip = f(T¢)
parameter: Vgs 210V

BUZ 22 SIL02199

36
Iy A

T 32 N
28

2 AN

20 \

4 \
|

0
0 20 40 60 80 100 120 °C 160

— T

Avalanche energy E s =f (7))
parameter: Ip =34 A, Vpp =25V
Rss =25Q, L =285.5 uH

BUZ 22 SIL02203
240 220

s mJ

T 200 \
180

160 \

140 \

N
120 N
100
80 N

60

)/

N\
40 N
20

0
20 40 60 80 100 120 140°C160

—
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SIEMENS

BUZ 22

Transient thermal impedance

Zingc=f (1)
parameter: D=1,/ T

100 =

S|L02201

th.lC
A K/W

100

107"

/ IIIII|||IIIII|
107252

1078 10-5 107 1073 102 107" 10% s 10!
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Typ. gate charge
VGS =f(QGate)

parameter: Ip ,s = 51.0 A
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SIEMENS

SIPMOS® Power Transistor

® N channel
® Enhancement mode
® Avalanche-rated

BUZ 24

VMT05152

Type Vos I Ros (on) Package Ordering Code

BUZ 24 100V 32A 0.06 Q TO-204 AE C67078-S1003-A2
Maximum Ratings

Parameter Symbol Values Unit
Continuous drain current, 7o =27 °C Ip 32 A
Pulsed drain current, 7o =25 °C Ip pus 128

Avalanche current, limited by 7} max Ipg 32

Avalanche energy, periodic limited by T; max Exr 15 mJ
Avalanche energy, single pulse Eps 220

In=382A, Vpp=25V,Rss=25Q

L=3822uH, T;=25°C

Gate-source voltage Vas +20 \
Power dissipation, 7¢ =25 °C Py 125 "
Operating and storage temperature range T, Ty -55..+150 °C
Thermal resistance, chip-case R s <1.0 K/WW
DIN humidity category, DIN 40 040 - C -
IEC climatic category, DIN IEC 68-1 - 55/150/56

1) See chapter Package Outlines.
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SIEMENS BUZ 24

Electrical Characteristics
at7; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. typ. E max.

Static characteristics

Drain-source breakdown voltage Vierypss | 100 - - \
Ves=0V, Ip =0.25 mA

Gate threshold voltage Vasa |21 3.0 4.0

Ves = Vos, Ip =1 mA

Zero gate voltage drain current Ipss LA
Vos=100V, Vgs=0V

T,= 25°C - 0.1 1.0
T,=125°C - 10 100
Gate-source leakage current Isss - 10 100 nA
Ves=20V, Vps=0V

Drain-source on-resistance Rosony |— 0.05 0.06 Q

Vas =10V, I =20 A

Dynamic characteristics

Forward transconductance 8ts 10 17 - S
Vbs 22 X Iy X Rps(onmax» Io =20 A
Input capacitance Ciss - 1400 1850 pF
VGS =0 V, VDS =25 V,f= 1 MHz
Output capacitance Coss - 450 700
Ves=0V, VDS=25V,f=1 MHz
Reverse transfer capacitance Cres - 230 370
Vas=0V, Vpg=25V, f=1MHz
Turn-on time o, , (fon = t4 on) + &) 24 (on) - 30 45 ns
Vop=30V, Vegs=10V, [ =3 A, Rgs =50 Q P _ 80

T
Turn-off time Toff s (toff =14 (off) + t,) 12 (off) - 250 320
VDD=30V: VGS=10V,ID=3A,RGS=SOQ tf - 120 160
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SIEMENS

BUZ 24

Electrical Characteristics (cont'd)
at 7; = 25 "C, unless otherwise specified.

Parameter Symbol Values Unit
min. | typ. ‘ max.

Reverse diode

Continuous reverse drain current Ig - - 32 A

TC = 25 °C

Pulsed reverse drain current Ism - - 128

Tc=25°C

Diode forward on-voltage Vsp - 1.4 1.7 Vv

Is=64A, Vgs=0V

Reverse recovery time t - 130 - ns

Va=30V, Ig =1s, dir / df = 100 Alus

Reverse recovery charge On - 0.7 - uC

Va=30V, Ig =1g, dir / df = 100 Alus
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SIEMENS BUZ 24

Characteristics at 7, = 25 °C, unless otherwise specified.

Total power dissipation Typ. output characteristics
P =f(T¢) Ip=f(Vos)
parameter: 1, = 80 us
130 BUZ 24 SIL02206 75 BUZ 24 . | j | SIL02207
1
w A Ves=20V
Fa Too ClRy=12W)'S oy ov | v
T 110 T % / 7.5¢
100 o | \ A A
% NS/ /7| |
wl LIRS
80 45 \/
70 0 [ /] 6.5V
|}/
60 35 117/ 824 ov
30 e
%0 s A 27
40 20 / // S~ 5.5V
30 15 /. Bk
20 10 //f/ ]
A 4.5V
10 5 %y
0 0
0 20 40 60 80 100 120 °C 160 o 1t 2 3 4 5 6 7 V 9
— rc VDS
Safe operating area Typ. transfer characteristics
Ip =f (Vos) Ip =f(Vas)
parameter: D = 0.01, To =25 °C parameter: t, = 80 ps, Vps =25V
103 BUZ 24 SIL02208 75 BUZ 24 SIL02209
A pe ot
Iy A P b=+ , A /
65 /
T - T t T 60 f
f=21us 55 /
102 ALERIE P 50 1
\9) a/ i 45
— \\5\) K 1T00us /
— AT 4 i 40 /
& N
QQ'”\/, ‘\ M N Y I 35
4 N> N Ims 30
\ Y
N J
10! N A 25 /
‘\ > 10ms 20 /
AWK I 15 /
N ] /
N\ I 10
~‘100m> 5
100 DC‘ 0
10° 10' 10? v 10 01 2 3 4 5 6 7 8 V 10
— s — Vs
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SIEMENS

BUZ 24

Typ. drain-source on-resistance

RDS (on) =f(ID)
parameter: Vgg

) 0.20 BUZ‘ 24' } ’ ‘ ‘ SIL02217
bS(on) € |~ s=5.5V -6V 6.5V {~ 7V 7.5V -8V |
Toss /]
0.14 /
)
0.12
0.10 > A ,
+—1 1 T /
0.08 — T
p— =T 1= gV
Lt |t |t
[ | |t 10V
0.06 AR ——
0.04 20V
0.02
0.00
0 10 20 30 40 50 60 A 75

— 1

Typ. forward transconductance

8 =1 (o)
parameter: 1, = 80 us

BUZ 24 SIL02210
22

S gt

9ts

o
—
‘\\

0 10 20 30 40 50 60 A 70

e [y
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Drain-source on-resistance

Rps (on)=f(Ti)
parameter: Ip =20 A, Vgs =10V, (spread)

BUZ 24 SIL02211
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RDS(on) a
0.12

T 0.11 //
//
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Gate threshold volitage
Vas an =1 (T)
parameter: Vgs = Vg, Ip =1 mA, (spread)

5Bz SIL02215
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S e
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Vost

3.2 ~

2.8 ~
2.4 Sl
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SIEMENS BUZ 24

Typ. capacitances Drain current
C =f(Vbs) Ip=f(T¢)
parameter: Vgs =0V, f=1MHz parameter: Vgs 210V

101 BUZ 24 SIL02212 BUZ 24 SIL02214

34
A

ConF Iy 30 N
| EEES
26 AN

N
0 CTSS 24
10 \

N 22
N 2 N

N
~ Coss 18 AN

—~—— 16
Crss 14

107" 12
10 \
8 \

N
—

N

o
|
~
o

0 5 10 15 20 25 30 V 40 0 20 40 60 80 100 120 "C 160

4’%}5 4”0

Forward characteristics of reverse diode Avalanche energy Exs=f (T))
Ie = f (Vo) parameter: Ip = 32 A, Vpp = 25 V
parameter: T}, t, = 80 us, (spread) Res=25Q, L =322 uH

10% BUZ24 5102220 a0 BUZ24 o sio2a18
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T T 200 \
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10? e 160
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SIEMENS BUZ 24

Transient thermal impedance Typ. gate charge
Zinsc=f(t) Vas =f (Qcaw)
parameter: D =1t,/ T parameter: Ip ;s = 51.0 A
SIL02216 16 BUZ 24 SIL02219
H s ¥
- oS 1y ,/ /
H T
7
‘I 12 /
10 VDSmax=0 ZV/ / I/l)Smax:O'SV
; //
( 4
6
107"
i
filY single pulse 2
(T T
102 I“I L1l 0
107 10°5 10~* 10~% 1072 10~' 10% s 10! 0 10 20 30 40 50 60 70 80 nC 100
- fp - OGqu
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SIEMENS

SIPMOS® Power Transistor

® N channel
@ Enhancement mode
® Avalanche-rated

BUZ 30 A

T

Type Vos I Roson) | Package V Ordering Code

BUZ 30 A 200 V 21A 0.13Q TO-220 AB C67078-S1303-A3
Maximum Ratings

Parameter Symbol Values Unit
Continuous drain current, 7o = 26 °C Iy 21 A
Pulsed drain current, T =25 °'C Ip puis 84

Avalanche current, limited by 7 nax Ing 21

Avalanche energy, periodic limited by 7} imay Ear 12 mJ
Avalanche energy, single pulse Ens 450

In=21A, Vpp =50V, Rgs =25Q

L=153mH,T7;=25°C

Gate-source voltage Vs +20 \%
Power dissipation, 7o =25 °C Pt 125 w
Operating and storage temperature range T, Ty -55..+150 °C
Thermal resistance, chip-case -‘Rth ic s10 | KW
DIN humidity category, DIN 40 040 E -
IEC climatic category, DIN |IEC 68-1 55/150/56

1) See chapter Package Outlines.
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SIEMENS BUZ 30 A

Electrical Characteristics
at T; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit

min. | typ. ‘ max.

Static characteristics

Drain-source breakdown voltage Vierypss | 200 - - \Y
Vas =0V, I =0.25 mA

Gate threshold voltage Veswy |2.1 3.0 4.0

Vas = Vos, In =1 mA

Zero gate voltage drain current Ipss A
VDS =200 V, VGS =0V

T,= 25°C - 0.1 1.0

T)= 125°C - 10 100
Gate-source leakage current Igss - 10 100 nA
Vas =20V, Vps =0V

Drain-source on-resistance Rosony |- 0.10 0.13 Q

VGS =10 V, [D= 13.5 A

Dynamic characteristics

Forward transconductance 8ts 6 15 - S
Vbs 2 2 X Ip X Rpgionymax » Ip = 13.5 A

Input capacitance Ciss - 1400 1900 pF
Vas=0V, Vps=25V, f=1MHz

Output capacitance Coss - 280 400

VGS =0 V, VDS =25 V,f= 1 MHz

Reverse transfer capacitance Ciss - 130 200
Ves=0V, Vps=25V,f=1MHz

Turn-on time f,y, (fon = 4 (on) + &) 14 (on) - 30 45 ns
Voo =30V, Vgs=10V, Ip =3 A, Rgs =50 Q t, _ 70 110

TU..r.n.'Oﬁ tlme Ioﬁ, (t(,ﬁ = -rd {offy + .ff) -rd {off) - 259 320

Vob =30V, Vgs=10V, Ip =3 A Rgs=50 Q 4 _ 90 120
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SIEMENS BUZ30 A

Electrical Characteristics (cont'd)
atT; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. [ typ. i max.

Reverse diode

Continuous reverse drain current Is - - 21 A

TC = 25 °C

Pulsed reverse drain current Isy - - 84

Tc=25°C

Diode forward on-voltage Vso — 1.2 1.6 \'

Is=42A, V=0V

Reverse recovery time ty - 180 - ns

Va=10V, I =I5, dir / dt = 100 Alus

Reverse recovery charge O - 1.2 - uC

Va=10V, I = I, dir / dt = 100 Alus
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SIEMENS

BUZ 30 A

Characteristics at 7, = 25 °C, unless otherwise specified.

Total power dissipation
Prot =f(Tc)

BUZ 30A SIL02941

130
B W
110

T 100
90
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40
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0

0 20 40 60 80 100 120 °C 160
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Safe operating area

Ip=f(Vos)
parameter: D = 0.01, T =25 °C
102 BUZ 30A SIL02943
HiS Aks R PO
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\Q LN
W ARSI RN EEE
2 M \ 100us|
N / s \
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AV (N
3 10ms HHH
NN
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N
100 N 100ms ]
NG
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102 v o108
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Typ. output characteristics

Ip =f (Vo)
parameter: 7, = 80 us

50 BUZ ?OA : “ ‘ SIL02942
R=125W
Iy p \ TSy
\ / ¢
T 40 ) / / 6.5V
Ves=20V v/,
35 1oV / ,/
19V /
8V 6V
30 / o n
d |
5 4 5.5V
// N l
20 / N :
~ 5V
15 |— /,/ \";\\ |
10 45V
] {
5 41\,
0
01 2 3 456 7 8 9 V I

Typ. transfer characteristics

Ip =f (Vas)
parameter: 1, =80 us, Vpg =25V

45 BUZ 30A
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P 1
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20

SIL02944
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— Vs
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SIEMENS

BUZ 30 A

Typ. drain-source on-resistance

Rps (on) =f (Ip)
parameter: Vg

BUZ 30A SIL02945
0.40 ‘ ; |
V=45V 5V | 5.5Y |6v| 6.5V |7V
RDS(on)
0
0.30
0.25 7
0.20 / A / }
: VT
o5+ L~ A,,// P 7.5V
e
0.10
0.05 8V | ov [10v|20v
0.00

5 10 15 20 25 30 35 40 A 50

—

Typ. forward transconductance

&8s =1 (o)
parameter: 7, = 80 us

BUZ 30A SIL02947

20

G1s S

0 5 10 15 20 25 30 A 40

-——b[D
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Drain-source on-resistance

RDS (on)=f(Tj)
parameter: I = 13.5 A, Vg5 = 10V, (spread)

BUZ 30A SIL02946

0.34

RDS(on) Q0
0.28

A\ N\
\
\

0.00 -
-80 -40 0 40 80 120 °C160

—Tj

Gate threshold voltage
Vas (th) =f (Tj)
parameter: Vgs = Vs, Ip = 1 mA, (spread)
5.0 BUZ 30A SIL02948
v
2
o5 4 4 Ll
T 4.0 T~ 98%
3.6 REE N .
32—t
2.8 L
~_
2.4 Sty
St —12%
2.0 S
1.6 -
1.2
0.8
0.4

0.0
-60-40-20 0 20 40 60 80 100120 °C 160
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SIEMENS

BUZ 30 A

Typ. capacitances

C=f(Vos)
parameter: Vgs=0V, f=1MHz
102 Buz 304 SIL02949
¢ nF
101 Ciss
]
\
\ N
‘\“
T~ Coss
\\\
10° —— Crss
107!
0 5 10 15 20 25 30 V 40

— W

Forward characteristics of reverse diode

Ie=1(Vsp)
parameter: T}, 1, = 80 us, (spread)

102 BUZ 30A SIL02951
7
]F A > - ,/l ~
/
10 /
HH
I
5 1
I”’”
. U L =150c typ
10 HH Tj= 25°C typ
s Hif——r=150"C (98%)
’H}// Tj= 25°C (98%)
107!
0.0 1.0 2.0 V30
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Drain current
Io=f(Tc)
parameter: Vg =10V

99 BUZ 30A SIL02950
Iy A N\
T 18

16

14 N\

0 20 40 60 80 100 120 “C 160

—»TC

Avalanche energy E,s=f(T)
parameter: I =21 A, Vpp =50V
Rgs=25Q,L=1.53mH

BUZ 30A SIL02952
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=
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350

300

\
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SIEMENS BUZ30 A
Transient thermal impedance Typ. gate charge
Zinsc=f(tp) Vas = f (Qcate)
parameter: D =1,/ T parameter: Ip s = 31.5 A
101 BUZ 30A SIL02953 16 BUZ 30A SIL002954
Zinge il Vs / |/
T K/ il il T " /
) 7
Il
10° I i 10 VDSmax:AOV/ / Vosmar™ 160V
I 8 / /
LT D=0.50 / /
— wai L] il /
et mal 6 /
il 4
5> il il
Pt single pulse | ||| 2
gV
107240 . 0
1075 10™* 107 1072 10°' 10° s 10! 0 10 20 30 40 50 60 70 80 nC 100
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SIEMENS

SIPMOS® Power Transistor

® N channel
® Enhancement mode
® Avalanche-rated

BUZ 31

Type Vos Ip Ros (on) Package " Ordering Code

BUZ 31 200V 135A 02Q TO-220 AB C67078-S1304-A2
Maximum Ratings

Parameter Symbol Values Unit
Continuous drain current, 7o = 28 °C Iy 13.5 A
Pulsed drain current, 7o = 25 °C Ip pus 54

Avalanche current, limited by 7} nax Ing 13.5

Avalanche energy, periodic limited by T} imay Exr 9 mJ
Avalanche energy, single pulse Eps 200

In=135A, Vpp =50V, Rgs =25Q

L=165mH,T;=25"C

Gate-source voltage Vs +20 \%
Power dissipation, T = 25 °C Piot 75 w
Operating and storage temperature range T, Ty -55..+150 °C
Thermal resistance, chip-case Ry <1.67 KW
DIN humidity category, DIN 40 040 E -
IEC climatic category, DIN IEC 68-1 55/150/56

1) See chapter Package Outlines.
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SIEMENS

BUZ 31

Electrical Characteristics
atT; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. i typ. | max.

Static characteristics

Drain-source breakdown voltage V(er) Dss | 200 - — \Y

Ves =0V, Ip =0.25 mA

Gate threshold voltage Vas 2.1 3.0 4.0

Vas = Vps, Ip=1mA

Zero gate voltage drain current Ipss A

Vs =200V, Vgs=0V

T,= 25°C - 0.1 1.0

T,=125°C - 10 100

Gate-source leakage current Igss - 10 100 nA

Vas =20V, Vpg=0V

Drain-source on-resistance Ros (on) 0.16 0.2 Q

Ves=10V, [ =85A

Dynamic characteristics

Forward transconductance Qs { 5.0 10.0 - S

Vbs 22 X Ip X Rpsonymax» Io = 8.5 A

Input capacitance Ciss - 960 1250 pF

VGS =0 V, VDS =25 V,f= 1 MHz

Output capacitance Coss - 200 330

Vas=0V, Vps=25V, f=1MHz

Reverse transfer capacitance Ciss - 100 170

Vas=0V, Vpg=25V, f=1MHz

Turn-on time 7oy, (fon = g (on) + 1) 14 (on) - 20 30 ns

Voo=30V, Ves=10V, I =3 A, Rgs =50 Q P _ 45 70

Turn-off time fo4, {fon = tqom + 1) 14 (o) - 180 230

VDD=30 V, VGS=1O V, 1D=3A, RGS=50 Q 4 — 60 80
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SIEMENS

BUZ 31

Electrical Characteristics (cont'd)
at7; = 25 °C, unless otherwise specified.

Parameter Symbol Values

Unit

min. | typ. ' max.

Reverse diode

Continuous reverse drain current Ig - - 13.5
Tc = 25 BC

Pulsed reverse drain current Igy - - 54
Tc=25°C

Diode forward on-voltage Vsp - 1.1 1.6
IS=27A, VGS=OV

Reverse recovery time te - 180 -
Ve=100V, Ir =I5, dig / df = 100 A/us

ns

Reverse recovery charge Ox - 1.2 -
Va=100V, Ir =I5, dir / dft = 100 A/us

uC
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SIEMENS BUZ 31

Characteristics at 7, = 25 "C, unless otherwise specified.

Total power dissipation Typ. output characteristics
Ptot=f(TC) Ip=f(Vos)
parameter: t, = 80 us
80 BUZ 31 SIL02956 30 BUZ 31 SIL02957
L)
po W o el 750
L \\ PR )7 2]
! VRO e
60 Ry /; /7
8vV—]
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Safe operating area Typ. transfer characteristics
Io =1 (Vos) Ip=f(Ves)
parameter: D = 0.01, Tc =25 °C parameter: £, = 80 s, Vps =25V
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SIEMENS BUZ 31

Typ. drain-source on-resistance Drain-source on-resistance
Rps (on)=f(lD) RDS (on):f(Tj)
parameter: Vg parameter: I =8.5 A, Vg5 =10V, (spread)
0.65 BUZ 31 SIL02960 0.45 BUZ 31 SIL02961
: FTTTTTT1 ’ !
Ros(on) @ Vos=4.5V—5V 5.5 —-6Y—-6.5V—— Roston)
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S 11/ wr LT
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P » / 5 0.20 L ,
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. — - = 7 / L
T —T 18V 0.15 A .
0.20 == e 9V : ~
. T L~
0V L~ typ
0.15 0.10 —=
20V,
0.10
0.05
0.05 ‘ 4
0.00 0.00 -
0 4 8 12 16 20 24 A 30 -80 -40 0 40 80 120 "C 160
Typ. forward transconductance Gate threshold voltage
& =f (Ip) Vas (th) =f(T|)
parameter: 7, = 80 us parameter: Vgs = Vg, Ip = 1 mA, (spread)
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SIEMENS

BUZ 31

Typ. capacitances

C=f(Vos)
parameter: Vgs=0V, f=1MHz

10‘. BUZ 31 SIL02964
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Forward characteristics of reverse diode
Ie=f (Vsp)
parameter: T}, t, = 80 us, (spread)
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Drain current

Ip=f(Tc)
parameter: Vgs =10V

14 BUZ 31 SIL02965
L A ~
NRT) \\
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N
8 N\,
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N
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4
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Avalanche energy Exs=f (T)
parameter: Ip = 13.5 A, Vpp =50 V
Rgs=25Q,L=1.65mH

BUZ 31 SIL02967
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SIEMENS BUZ 31

Transient thermal impedance Typ. gate charge
Znsc=f(t) Vas =f (Qcate)
parameter: D =1,/ T parameter: Ip 55 = 20.3 A
101 B SlL|(:)2966 16 BUZ 31 SIL02969
ZthJC VGS v //
T K/W T 14 /
12 //,/
0
10 0 / //
VDqux:‘mv// /V[>Smax:1 60V
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SIEMENS

SIPMOS® Power Transistor

® N channel
@ Enhancement mode
® Avalanche-rated

BUZ 32

Type Vos I, Ros (on Package " Ordering Code

BUZ 32 200V 95A 04Q TO-220 AB C67078-S1310-A2
Maximum Ratings

Parameter Symbol Values Unit
Continuous drain current, 7, = 29 °C Iy 9.5 A
Pulsed drain current, 7o = 25 °C Ip pus 38

Avalanche current, limited by 7 Iy 9.5

Avalanche energy, periodic limited by 7 max Enr 6.5 mJ
Avalanche energy, single pulse Ens 120

Ip=95AVpp =50V, Rgs=25Q

L=20mH,T;=25"C

Gate-source voltage Vas +20 \Y
Power dissipation, 7 =25 °C Pyt 75 W
Operating and storage temperature range T, Tyg -55...+150 ‘C
Thermal resistance, chip-case Ry s <1.67 K/W
DIN humidity category, DIN 40 040 E -
IEC climatic category, DIN IEC 68-1 55/150/56

1) See chapter Package Outlines.
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SIEMENS

BUZ 32

Electrical Characteristics
at 7; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. |typ. ‘ max.

Static characteristics

Drain-source breakdown voltage Vierypss | 200 - - \'%

VGS =0 V, ID =0.25mA

Gate threshold voltage Veswy |2.1 3.0 4.0

Vas=Vos, Ip=1mA

Zero gate voltage drain current Ipss pHA

VDS = 200 V, VGS = 0 V

T,= 25°C - 0.1 1.0

T,=125°C - 10 100

Gate-source leakage current Igss - 10 100 nA

VGS=20V! VD5=OV

Drain-source on-resistance Rosony |— 0.3 0.4 Q

VGS= 10 V, 1D=60A

Dynamic characteristics

Forward transconductance 8is 3.0 4.6 - S

Vbs 2 2 X Iy X Rpsionymax» Ip = 6.0 A

Input capacitance Ciss - 400 530 pF

Vas =0V, Vps=25V, f=1MHz

Output capacitance Coss - 85 130

Vas=0V, Vpg=25V, f=1MHz

Reverse transfer capacitance Ciss - 45 70

Vas =0V, Vpg=25V, f=1MHz

Turn-on time to,, (fon = ty(on) + 1) 14 (on) - 10 15 ns

Voo=30V, Vgs=10V, I =3.0 A, Rgs =50 Q : _ 40 60

Turn-off time f, (for = ta o + 1) Ly (ot - 55 75

VDD=30 v, VGS=10 V, ID=3.0A, RGS=SOQ tf —_ 30 40
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SIEMENS BUZ 32

Electrical Characteristics (cont'd)
at T, = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. ‘typ. ‘ max.

Reverse diode

Continuous reverse drain current Is - - 9.5 A

Tc=25°C

Pulsed reverse drain current Isy - - 38

TC =25 DC

Diode forward on-voltage Ve - 14 1.7 \Y

Is=19A, Vgs=0V

Reverse recovery time te - 200 - ns

Ve=100V, Iz = I5, dig / dt = 100 A/us

Reverse recovery charge On - 0.60 - ucC

Ve=100V, Iz = I, dir / dr = 100 A/us
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SIEMENS

BUZ 32

Characteristics at 7; = 25 °C, unless otherwise specified.

Total power dissipation
P =f(Tc)

BUZ 32 SIL02971
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\
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N

100 120 °C 160

—_— T

0
0 20 40 60 80

Safe operating area

Ip =f(Vos)
parameter: D =0.01, T =25 °C
102 BUZ 32 SIL02973
HH
Iy A IR
AT = fo=7.6usr]
\\Q //\\ ‘\ 19,&[5‘
SSA TS T
101 @/ \, ¥100us
2
LN -
ALY \\ ‘\
‘\ M 1ms|
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WA Mo
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- T
1 00msH{H
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102 v 103
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Typ. output characteristics

Ip =f(Vps)
parameter: £, = 80 us
22 BUZl 32| - SIL02972
A Ves=20V
L, Al /1 ovovey: 51/
\ /Y L
T 8 \ / // 6.5V
16 X / ///// ///
) //Z? g
= 6V
12 \///
/e
10 S 5.5V
/ / LA N
8 r’/ \\\ !
6 | /// ~ ".5
. / 1 ™
Yy /8= 4.5V
I
4y
o 1

012345678 910111213V 15

VDS

Typ. transfer characteristics
Ip=f(Vas)
parameter: z, =80 us, Vps =25V

BUZ 32 SIL02974

16
I A

TD 14
12

01 2 3 4 5 6 7 8 VvV 10

— Vs
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SIEMENS BUZ 32

Typ. drain-source on-resistance Drain-source on-resistance
Rps (on)=f(ID) Ros (on)=f(Tj)
parameter: Vgg parameter: I = 6.0 A, Vgs =10V, (spread)
1.3 BUZ 32 SiL02975 11 BUZ 32 SIL02976
ST T l | '
Roston) © VGSI=4.5V75v——5,5v—1— 6Y— 6.5V Roson) 0
T 11 T 0.9
1.0
05 0.8 /
o's / 0.7 //
/ / /
0.7 A y 0.6 7
0.6 1 /,/ e /7V 0.5 o8% '/
0.5 ///‘/ /'/7;5\/ 0.4 L/ A o
0.4 — T T | — —T8Y e /V
HiIE —ov 0.3 A" |y
0.3 oV, g
0.2 20V 0.2
0.1 0.1
0.0 0.0 S
0 2 4 6 8 10 12 14 16 18 A 22 -80 -40 0 40 80 120 "C 160
— 1D — Tj
Typ. forward transconductance Gate threshold voltage
8 =f (Ip) Vas @y =f (T)
parameter: ¢, = 80 us parameter: Vgs = Vs, Ip = 1 mA, (spread)
10 BUZ 32 SIL02977 5.0 BUZ 32 SIL02978
v
V S N
9t S GS(th) 44 ]
— S~+. 98%
i | Hoo
; e 3.6 s S
7 ~ S
6 // 3.2 “\“ typ
/1 2.8 T~
4 ~_
5 / ~
/ 2.4 Sy
/ S 2%
4 / 2.0 Ss~<oi
s/ 1.6 “had
/ 2
2
/ 0.8
! 0.4
0 0.0 I
0 2 4 6 8 10 12 A 15 -60-40-20 0 20 40 60 80 100120 °C 160
—_— [D ——— 7:|
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SIEMENS

BUZ 32

Typ. capacitances

C=f(Vos)
parameter: Vgs=0V, f=1MHz

101 BUZ 32 SIL02979
¢ nF
10°
|\
AN Ciss
.
\
10-1 \ \\\ c
0SS
— CFSS
1072
0 5 10 15 20 25 30 V 40

— s

Forward characteristics of reverse diode

IF:f(VSD)
parameter: T, t, = 80 ps, (spread)

102 ‘BUZ 32 SI1L02983
I
Ik A
T ; B
o
v,
1V%d
10! / /
AW /4
yan/u/
5 11V
i l 7,=150"C typ
10 HE Ti= 25°C typ
s HHH=7;=150°C (98%)
H ; Tj= 25°C (98%)
107! W I
0.0 1.0 2.0 V3.0

— Y
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Drain current

Iy =f (Tc)
parameter: Vg =210V

BUZ 32 SIL02980

100 120 C 160

4__>]'c

0
0 20 40 60 80

Avalanche energy E,s = f (T))
parameter: I =9.5 A, Vpp =50V
Ras=25Q,L=2.0mH

BUZ 32 SIL02982

130
Eys MY
110
T 100
90
80
70 \
60
50 N\
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30 N\
20 N
10
. ™
20 40 60 80 100 120 140°C160
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SIEMENS BUZ 32

Transient thermal impedance Typ. gate charge
Znyc =1 () Vas = f (Qgate)
parameter: D =1,/ T parameter: Ip ,s = 13.5 A

SIL02981

16 BUZ 32 SIL02984

v
sy /
4

N

4
100 40VDSmax///160VDSmax
10 / 7
. ////
....... 6 /)
107" | /
H 4 /
i 2
1072 L 0
1076 1075 107* 1073 1072 107" 10° s 10! 0 5 10 15 20 25 30 nC 40
fP —_— 0Guie
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SIEMENS

SIPMOS® Power Transistor

® N channel
® Enhancement mode
® Avalanche-rated

BUZ 36

VMT05152

Type Vos I Ros (on) Package " Ordering Code

BUZ 36 200V 22 A 0.12Q TO-204 AE C67078-S1018-A2
Maximum Ratings

Parameter Symbol Values Unit
Continuous drain current, 7o =33 °C Iy 22 A
Pulsed drain current, 7o =25 °C Ip pus 88

Avalanche current, limited by 7| Iar 22.0

Avalanche energy, periodic limited by 7 max Esg 13 mJ
Avalanche energy, single pulse Eps 570

Ip =22 A, Vpp =50V, Rgs =25 Q

L=177mH, T;=25°C

Gate-source voltage Ves +20 \
Power dissipation, 7o =25 °C Py 125 W
Operating and storage temperature range T, Tyg -55...+150 °C
Thermal resistance, chip-case Ry e <1.0 ‘ KW
DIN humidity category, DIN 40 040 c -
IEC climatic category, DIN IEC 68-1 55/150/56 l

1) See chapter Package Outlines.
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SIEMENS BUZ 36

Electrical Characteristics
at T, = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. ‘ typ. ] max.

Static characteristics

Drain-source breakdown voltage Vierypss | 200 - - \Y
Ves =0V, I =0.25 mA

Gate threshold voltage Vas ) 2.1 3.0 4.0
Vas=Vos, Ip=1mA

Zero gate voltage drain current Ipss HA
Vos =200V, Vgs=0V

T,= 25°C - 0.1 1.0
Ti=125°C - 10 100
Gate-source leakage current Igss - 10 100 nA
Ves=20V, Vps=0V

Drain-source on-resistance Roson |— 0.09 0.12 Q

Vas =10V, I =14 A

Dynamic characteristics

Forward transconductance 8ts 9.0 15 — S
Vbs 22 X Ip X Rpsionymax» Io = 14 A

Input capacitance Ciss - 1400 1900 pF
Vas=0V, Vpg=25V, f=1MHz

Output capacitance Coss - 280 400
Vas=0V, Vpg=25V, f=1MHz

Reverse transfer capacitance Crss - 130 200
Vas=0V, Vpg=25V, f=1MHz

Turn-on time t,, (fon = ta on) + 1) 14 (on) - 30 45 ns
Voo =30V, Vgs =10V, I =3 A, Rgs =50 Q f, - 70 110
Tum-off time to, (for = taom + &) T4 (o) - 280 320
Vob=30V, Vgs=10V, I =3 A, Rgs =50 Q I _ 90 120
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SIEMENS

BUZ 36

Electrical Characteristics (cont'd)
at7; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. !typ. } max.

Reverse diode

Continuous reverse drain current Is - - 22 A

TC = 25 aC

Pulsed reverse drain current Igy - - 88

TC = 25 OC

Diode forward on-voltage Vs - 1.2 1.7 \

Is=44 A, V=0V

Reverse recovery time te - 180 - ns

Ve=100V, ¢ = I3, di: / d = 100 A/us

Reverse recovery charge O - 1.2 - ncC

Ve=100V, I¢ =I5, dir / dr = 100 A/us
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SIEMENS BUZ 36
Characteristics at 7, = 25 "C, unless otherwise specified.
Total power dissipation Typ. output characteristics
Py =f(TC) Ip =f(VDs)
parameter: f, = 80 us
130 BUZ 36 SIL02221 50 BUZ 36 ‘ | ‘ SIL02222
R
Py W Iy g B2 '0V9V8l\/.15v.7v
T e T 40 A // 4 6.5V
100 VGS:ZOV/\/////// .
90 35 / / /////
— 6V
80 30 //}// / ]
11/ S
. L
25 5.5V—
60 / /4 N>
50 20 // //“
A
5V
40 15 / N
<
30 10 | /'/ — 457
20 T
10 3 | 4V
0

0 20 40 60 80 100 120 °C 160

— I

Safe operating area

Ip = f (Vps)
parameter: D =0.01, T =25 °C

102 BUZ 36 SIL02223
Fobl A& fo=13us |
] |NEEE VAR
DA 7 \
o N Y ]
*f,x 4 A \\ ‘
L $Q 4N T 100us
\S S \ N
S N s S S ’
10 | LIS,
N~ 1ms =
N SN T
N 1
‘w\ s‘ ~\\ 1(‘; :\
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AN [N
\‘\ [T
10 e
N T
AV T
DC FHH
i j/
|t = D:—;
10—1 -] f
100 10! 102 v o108

— s
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Typ. transfer characteristics

Ip =f (Vgs)
parameter: f, =80 us, Vps =25V

45 BUZ 36
10 A /
D s

SIL02224

0 1 2 3 4 5 6 7 8 V 10

— Vs
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SIEMENS BUZ 36

Typ. forward transconductance Typ. drain-source on-resistance
8 =f () Ros ony=f (Ib)
parameter: £, = 80 us parameter: Vgg
20 BUZ 36 SIL02225 0.40 BUZ 36 SIL02232
L ’
L~ R ' ’
9 S ~ pS(on) Ves=5Y | 5.5V |6V | 6.5 |7V
v 0 Gs
o / ! / |
0.30
i awal
/
12 0.25 /, / /
10 0.20 /, /
-t
8 0.15 1 4//7/‘5\’
: _//, T 1 —BV
6 / e e e B g Y
) / 0.10 oV
20V
2 l 0.05
0 0.00
0 5 10 15 20 25 30 A 40 0 5 10 15 20 25 30 35 40 A 50
— Iy — [
Drain-source on-resistance Gate threshold voltage
Ros (0n)=f(Tj) Vas (th) =f(TJ)
parameter: Ip =14 A, Vgs = 10V, (spread) parameter: Vg = Vs, Ip = 1 mA, (spread)
0.28 BUZ 36 SIL02226 5.0 BUZ 36 SIL02230
v
Roston) @ Vostm) 4 4
0.24 /' ) S~~L o
0.22 // T 4.0 S s 7
0.20 / 3.6 —Fele]—
0.18 / 2 3.2 P~ hl
1/ / o~ ?YP
0.16 5 v 2.8 .
0.14 % 2.4 =g
0.12 A | Pt 2%
A | 2.0 T~<==
0.10 i 6 <=z
0.08 |+ A ' I~
0.06 = 12
0.04 0.8
0.02 0.4
0.00 _ 0.0 1 ,
-80 -40 0 40 80 120 "C 160 -60-40-20 0 20 40 60 80 100120 °C 160
- Tj —_— 73
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SIEMENS BUZ 36

Typ. capacitances Drain current
C=f(Vos) Ip=f(T¢)
parameter: Vgs =0V, f=1MHz parameter: Vgs 210V
101 8UZ 36 SIL02227 24 BUZ 36 SIL02229
Coor I A ~
20 \\
\ AN
N 18 N
Ciss
107 1\ 16 N
BN N\
\ \
\ 14
\ \\‘ \
— 12 N
~J s 10 A\
\
10-1 \\* Crss 8 \
6 \\
4
2
1072 0 !
0 5 10 15 20 25 30 V 40 0 20 40 60 80 100 120 °C 160
— s — T
Forward characteristics of reverse diode Avalanche energy Exg = f (T})
Ir=f(Vsp) parameter: In =22 A, Vpp =50 V
parameter: T}, t, = 80 us, (spread) Rgs=25Q, L =177 mH
102 BUZ 36 SIL02235 600 BUZ 36 SIL02233
I 4 7 i Es mJ \\
T 7 ~ T 500
{
// 450 \
10’ /s 400
it \
5 /1 350 \
{ / Il 300
| —~7;=1507C typ 250 \
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1T _
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SIEMENS

BUZ 36

Transient thermal impedance

Zinsc=f(tp)

parameter: D =1,/ T
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Typ. gate charge
Vas = f (Qcate)

parameter: Ip . = 33.0 A
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SIEMENS

SIPMOS® Power Transistor BUZ 40 B

® N channel
@ Enhancement mode
® Avalanche-rated

Type Vos I, Ros (on) Package " Ordering Code
BUZ 40B 500 V 85A 0.8Q TO-220 AB C67078-S1305-A4

Maximum Ratings

Parameter Symbol Values Unit
Continuous drain current, Tc = 35 °C I 8.5 A
Pulsed drain current, To =25 °C Ip pus 34

Avalanche current, limited by T} ., Ing 10

Avalanche energy, periodic limited by T} imax Enr 13 mJ
Avalanche energy, single pulse Eps 570

Io =10 AVpp =50V, Rgs = 25 Q
L=103mH, T;=25"C

Gate-source voltage Vas +20 \Y
Power dissipation, T = 25 °C Pyt 75 W
Operating and storage temperature range T, Ty, -55...+ 150 °'C
Thermal resistance, chip-case Ry oc <0.83 K/W
DIN humidity category, DIN 40 040 E -
IEC climatic category, DIN IEC 68-1 55/150/56

1) See chapter Package Outlines.
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SIEMENS BUZ40B

Electrical Characteristics

at T; = 25 °C, unless otherwise specified.
Parameter Symbol | Values Unit
min. ’ typ. . max.

Static characteristics

Drain-source breakdown voltage Vierpss | 500 - - \
Vas=0V, I =025 mA

Gate threshold voltage Vaswmy |2.1 3.0 4.0

Vas = Vos, Ip =1 mA

Zero gate voltage drain current Ipss UA
Vos =500V, Vgs=0 V

T,= 25°C - 0.1 1.0

T,= 125°C - 10 100
Gate-source leakage current Isss - 10 100 nA
Vas =20V, Vps=0V

Drain-source on-resistance Roson |~ 0.6 0.8 w

VGS= 10V, ID=55A

Dynamic characteristics

Forward transconductance &is 5.0 8.0 - S
Vbs 2 2 X Ip X Rpsionymax» Ip = 5.5 A

Input capacitance Ciss - 1500 2300 pF
Vas =0V, Vps=25V,f=1MHz

Output capacitance Coss - 180 270

Vas =0V, Vps=25V, f=1MHz

Reverse transfer capacitance Clss - 65 100

Vas =0V, Vpg=25V, f=1MHz

Turn-on time t,,, (fon = Zgon) + 1) 14 (on) - 20 30 ns
Voo =30V, Vgs=10V, I =3 A, Rgs =50 Q : _ 70

Turn-off time Toff » (toff =14 (off) + fq) iy (off) - 260 40

Voo =30V, Vgs=10V, Ip =3 A, Rgs =50 Q 4 _ 80 100

Semiconductor Group 260



SIEMENS BUZ 40 B

Electrical Characteristics (cont'd)
at 7, =25 °C, unless otherwise specified.

Parameter Symbol | Values Unit
min. | typ. | max.

Reverse diode

Continuous reverse drain current Ig - - 8.5 A

Tc=25°C

Pulsed reverse drain current Ign - - 34

Tc=25°C

Diode forward on-voltage Vso - 1.1 1.3 \

Is=20A, Vgs=0V

Reverse recovery time te - 380 - ns

Va=100V, Iz =I5, dig / dt = 100 A/us

Reverse recovery charge O - 4 - uC

Ve=100V, Iz = Ig, di: / dt = 100 A/us
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SIEMENS

BUZ 40 B

Characteristics at 7; = 25 "C, unless otherwise specified.

Total power dissipation
Pt =f(Tc)
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SIL02296

w
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Safe operating area
Ip =f (Vos)
parameter: D =0.01, T =25°C
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Typ. output characteristics

I =f (Vos)
parameter: z, = 80 us

20 BUZ 408 SIL02297
Ves= '|‘P,o,=150W‘
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Typ. transfer characteristics
Ip=f(Vas)
parameter: , = 80 us, Vps =25V
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SIEMENS BUZ40B

Typ. drain-source on-resistance Drain-source on-resistance
Ros (on) =f([D) Ros (on)=f(Tj)
parameter: Vg parameter: Ip = 5,5 A, Vgs = 10 V, (spread)
2.6 BUZ 408 1 } SIL02307 2.4 BUZ 408 SIL02301
Roson) & Vo5 55V Rostony
T 2.2 // / ? 2.0
2.0 V4 / | 1.8
18 ~ 16
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1.0 — T | 10— 1T/
’ 71 | | 475V ‘ j
0.8 L —T 0.8 - ]
' 8 1 AT
0.6 110V 0.6 ////
20V 0 1T+
0.4 . —
0.2 0.2
0.0 0.0
0 2 4 6 8 10 12 14 16 A 20 -80 -40 0 40 80 120 °C 160
— [D e Tj
Typ. forward transconductance Gate threshold voltage
8 =f (o) Vas ) =f(Tj)
parameter: 7, = 80 us parameter: Vgs = Vg, Ip = 1 mA, (spread)
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SIEMENS

BUZ 40 B

Typ. capacitances

C=f(Vos)
parameter: Vgs=0V, f=1MHz
101 BUZ 408 SIL02302
¢ ooF
clss
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Forward characteristics of reverse diode
Iz =f (Vsp)
parameter: T, t, = 80 us, (spread)
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Drain current
Ip =f(TC)
parameter: Vgg =210V

g BUZ 408 5IL02304
Ly A \\\
T 7 \\
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\ \

0 20 40 60 80 100 120 °C 160

— I

Avalanche energy Eys=f (T)
parameter: I, =10 A, Vpp =50 V
Res=25Q,L=10.3mH

BUZ 408 SIL02308
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SIEMENS BUz40B

Transient thermal impedance Typ. gate charge
Znic=f(ty) Vas = f (Qaate)
parameter: D=1,/ T parameter: Ip ,us = 12.0 A
BUZ 408 SiL02306 BUZ 408 SIL02309
10° S m 16
Z!hJC VGS 1V
P .
12 /I//
107! 10 VDSmax:O'ZV /VDSMUX:O'BV
V44
. //
I 4
70 /
102 AT 6 I 7
Cingle pufseffl ‘
IR0 A A l
AR 2
o LU LI LI ;
1078 10°% 107* 107% 1072 10~' 10° s 10 0 10 20 30 40 50 60 70 80 90 wC 110
- /p — an?e
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SIEMENS

SIPMOS® Power Transistor

® N channel
® Enhancement mode
® Avalanche-rated

BUZ 41 A

Type Vos Ip Ros (on) Package " Ordering Code

BUZ 41 A 500 V 45A 1.5Q TO-220 AB C67078-S1306-A3
Maximum Ratings

Parameter Symbol Values Unit
Continuous drain current, 7 = 36 °C Ip 4.5 A
Pulsed drain current, 7o =25 °C Ip puss 18

Avalanche current, limited by 7} nax Iy 45

Avalanche energy, periodic limited by T imax Exg 8 mJ
Avalanche energy, single pulse Eps 320 |
Ip=45A, Vop =50V, Rgs=25Q

L=284mH,T)=25"C

Gate-source voltage Vas +20 \
Power dissipation, 7¢c =25 °C Py 75 w
Operating and storage temperature range T;, Ty -55..+150 °C
Thermal resistance, chip-case Ry e <1.67 KW
DIN humidity category, DIN 40 040 - E -
IEC climatic category, DIN IEC 68-1 - 55/150/56

1) See chapter Package Outlines.
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SIEMENS BUZ 41 A

Electrical Characteristics
at 7= 25 °C, unless otherwise specified.

Parameter Symbol Values Unit

min. ‘ typ. [ max.

Static characteristics

Drain-source breakdown voltage Vierpss | 500 — - \%
VGS =0 V, ID = 025 mA

Gate threshold voltage Vasm |21 3.0 4.0

Ves = Vbs, Ip =1 mA

Zero gate voltage drain current Ipss UA
VDS =500 V, VGS =0V

T,= 25°C - 0.1 1.0
T,=125°C - 10 100
Gate-source leakage current Igss - 10 100 nA
VGS=2OV, VDS=0V

Drain-source on-resistance Roson) |~ 1.3 1.5 Q

Vas=10V, Io=3.0 A

Dynamic characteristics

Forward transconductance 8is 25 4.3 - S
Vbs 22 x Ip X Rpsonymax» In = 3.0 A

Input capacitance Ciss - 850 1300 pF
Vas=0V, Vps=25V, f=1MHz

Output capacitance Coss - 100 150
Ves=0V, Vpg=25V, f=1MHz

Reverse transfer capacitance Ciss - 40 60

VGS =0 V, VDS =25 V,f= 1 MHz

Turn-on time #,n, (fon = ta (on) + &) 14 (o) - 15 20 ns
Voo=30V, Vgs=10V, [ =2.6 A, Rgs =50 Q ‘, _ 50 70

Turn-off time f.;, (fos = T5 o + 1) | PP - 140 190

off » \off “d (oif) + “d (off) P

VDD—SOV VGS_1OV 10—26A RGS=SOQ
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SIEMENS BUZ 41 A

Electrical Characteristics (cont'd)
at 7; = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. 'typ. ‘ max.

Reverse diode

Continuous reverse drain current Ig - - 4.5 A

Tc=25°C

Pulsed reverse drain current Igy - - 18

TC = 25 GC

Diode forward on-voltage Vso - 1.0 1.2 \Y

Is=9 A, Vgs=0V

Reverse recovery time t, - 350 - ns

Ve=100V, I =I5, dir / df = 100 A/us

Reverse recovery charge O - 3 - ucC

Ve=100V, Ir =I5, di / dr = 100 A/us
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SIEMENS BUZ41 A

Characteristics at 7; = 25 °C, unless otherwise specified.

Total power dissipation Typ. output characteristics
Pyt =f(Tc) Ip = f(Vos)
parameter: t, = 80 us
BUZ 41A SIL02236 BUZ 41A SIL02237
80 10 v
7.5
Pt " \ Iy o 7Viy ey
70 N\ es=| NI
N — 6V
g 120V // /
60 10V / /
719V 1 // //
\ 8v
50 \\ 6 /)(/ // = 5.5V
40 N 5 / ,/
) 1/ >
30 4 /r N
/ D 5V
AN 3 R NNEET
20 \\ ) // \\\fo:
- ~<]
10 N 4.5V,
A\ 1
. )  — 4V
0 20 40 60 80 100 120 'C 160 0 5 10 15 20 25 30 35 V 45
— T = s
Safe operating area Typ. transfer characteristics
Ip =1 (Vos) Ip=f(Vas)
parameter: D =0.01, T =25 °C parameter: t, =80 us, Vpg =25V
102 BUZ 41A SIL02238 7.5 BUZ 41A SIL02239
i e - _ fp I :
Iy A ’ o=7 I, A
£,=4.9us ] 6.5
- [ t 100us| 10us 6.0
\ B iR EEE 5.5
10! { 10ms A N 5.0
100ms N ~ 4.5
Ry A Y 40 I
L&Y N .
/*Qe N N
\Eé / \\:\ ;\\ ‘\‘ 3.5 I
S
S / \\ SR 3.0 [
100 / —s 2.5 [
NS 2.0 I
N~ 1.5
|
DC\] 1.0 [—
il 7
10-1L— ’ 0.0
100 10! 102 v o 10% o 1t 2 3 4 5 6 7 8 V 10
— s — Y%s
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SIEMENS BUZ41 A

Typ. drain-source on-resistance Drain-source on-resistance
RDS (on)=f(ID) RDS (on)=f(T})
parameter: Vg parameter: In =2.5 A, Vg = 10V, (spread)
5.0 BUZ 41A SIL02247 3.6 BUZ 41A SIL02241
| ,
Roston) 0 Ves=5.5V— 6V 1—1 6.5V osfon)y o
3.0
4.0 // ,/ / v T 28 //
3.5 -4 / 26 //
Y/ 2.4 7
3.0 - / 2.2 7
7 ~ LA s 2.0 /
— : ) 98% ¥
23 ] 8v 18 VA tp
-t |t |
2.0 AT T v }E y. 28
. — — .
T 1 4+ 1.2 ///
15 10V 1.0 —
0.8 —Z
1.0 20V :
0.6
0.5 0.4
0.2
0.0 0.0 -
0 1 2 3 4 5 6 7 8 A 10 -80 -40 0 40 80 120 °C 160
— 1 — T
Typ. forward transconductance Gate threshold voltage
8is =f (Ip) Vas ) =f(Tj)
parameter: 1, = 80 us parameter: Vg = Vps, Ip = 1 mA, (spread)
8 BUZ 41A SIL02240 5.0 BUZ 41A SIL02245
S v
7
Its 7 Gs(ih)4.4 -
4.0 “~~[ _98%
T 6 // T et
3.6 S —ais
32— =
5 ' — fyp
+ 2.8 ~—
yd
4 /r 2.4 FaSe o - [~
<~ 2%
3 ,/ 2.0 T~<=<
/ 1.6 RAIN
2 / 1.2
0.8
: /
/ 0.4
0 0.0 5
0 1 2 3 4 5 6 A7 -60-40-20 0 20 40 60 80 100120 °C 160
— [D — "J
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SIEMENS

BUZ 41 A

Typ. capacitances

C=f(Vos)
parameter: Vg =0V, f=1MHz

101 BUZ 41A . SIL02242
CooF
A
|
10° \
Ciss
)
107" \\\
\\‘ COSS
~—
CYSS
102

0 5 10 15 20 25 30 V 40

— Ws

Forward characteristics of reverse diode

Ie=f (Vsp)
parameter: T}, t, = 80 us, (spread)

102 BUZ‘41A i SIL0224§
Ik A
- -
10! .l/ Zad
;4
V4
5 1A
/ I//
/
| l[/7j=150' C typ
0 ] —
10 fiHE=T= 25 C iy
5 HH T;=150"C (98%)
{F] Ti= 25°C (98%
e
10‘1[ I ! | L
0.0 1.0 2.0 V30

—
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Drain current

Ip=f(T¢)
parameter: Vgs =210V

BUZ 41A SIL02244

5.0

L A |
A
i 4.0

3.5

3.0

2.5 \

2.0 \

0.0
0 20 40 60 80 100 120 °C 160

- TC

Avalanche energy Exs=f (T))
parameter: I =4.5 A, Vpp =50V
Res=25Q, L =28.4mH

BUZ 41A SIL02249

340
mJ
£s 300
T 280
260
240
220
200 —
180 \
160
140
120 N\
100 1
80

60 ‘\ ]

40 N
20 |
0

20 40 60 80 100 120 140°C160
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SIEMENS

BUZ 41 A

Transient thermal impedance

Zinac =f(t)
parameter: D =1t,/ T

10

ZthJC

T K/wW

100

Il

107!

|\ WHER
T

2

I\

T
T

L]

10-2U LLL
1076 107> 107 107 1072 10! 10°s 10'

————fp
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Typ. gate charge
Vas = f (Qcate)

parameter: Ip ,s = 6.75 A

BUZ 41A SIL02250

16
v
14

Yes

N
<

0.8v

/ VDqux:
/

\\
NN

1

20 30 40 50 nC 65

. OGa'e



SIEMENS

SIPMOS® Power Transistor

® N channel
® Enhancement mode
® Avalanche-rated

BUZ 42

Type Vos I, Ros (on) ‘ Package Ordering Code

BUZ 42 500 V 40A 20Q [ TO-220 AB C67078-S1311-A2
Maximum Ratings

Parameter Symbol Values Unit
Continuous drain current, Tc = 30 °C I 4.0 A
Pulsed drain current, 7o = 25 °C Ip puis 16

Avalanche current, limited by 7 nax Iyr 4.0

Avalanche energy, periodic limited by 7} max Epr 6 mJ
Avalanche energy, single pulse Eps 220

In=4.0A, Vpp=50V, Rgs=25Q

L=248mH, T,=25°C

Gate-source voltage Vas +20 \%
Power dissipation, T =25 °C Py, 75 w
Operating and storage temperature range T, Ty, -55..+ 150 °C
Thermal resistance, chip-case R i <1.67 KW
DIN humidity category, DIN 40 040 - E -
IEC climatic category, DIN IEC 68-1 - 55/150/56

1) See chapter Package Outlines.
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SIEMENS BUZ 42

Electrical Characteristics
at 7, = 25 °C, unless otherwise specified.

Parameter Symbol Values Unit

min. ‘ typ. \ max.

Static characteristics

Drain-source breakdown voltage Vierypss | 500 - - \Y
VGS =0V, ID =0.25mA

Gate threshold voltage Vas ) 2.1 3.0 4.0

Vas = Vog, b =1mA

Zero gate voltage drain current Ipss A
Vbs =500V, Vgg=0V

T,= 25°C - 0.1 1.0

T;= 125°C - 10 100
Gate-source leakage current lgss - 10 100 nA
VGS=20V, VDS=0V

Drain-source on-resistance Rosony |— 1.6 2.0 Q

VGS= 10V, ID=26A

Dynamic characteristics

Forward transconductance 8is 1.5 2.8 - S
Vbs 22 X Ip X Rpgionymaxs In =2.6 A

Input capacitance Ciss - 600 900 pF
Ves =0V, Vps=25V, f=1MHz

Output capacitance Coss - 65 100
Vas=0V, Vps=25V, f=1MHz

Reverse transfer capacitance Ciss - 25 40
Vas=0V, Vpg=25V, f=1MHz

Turn-on time o, , (fon = tg(on) + 1) 14 (on) - 10 15 ns
Voo =30V, Vgs=10V, I =25 A, Rgs =50 Q : _ 50 70

Turn-off time g, (fon =ty o + 1) Ly (ot - 70 95

Voo =30V, Vgs=10V, I, =25A Rgs=50Q 4 _ 40 55
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SIEMENS BUZ 42

Electrical Characteristics (cont'd)
atT; =25 °C, unless otherwise specified.

Parameter Symbol Values Unit
min. ityp. ‘ max.

Reverse diode

Continuous reverse drain current I - - 4.0 A

TC = 25 °C

Pulsed reverse drain current Iy — - 16

Tc=25°C

Diode forward on-voltage Vsp - 1.0 1.4 \%

Is=8.0A, VGS=OV

Reverse recovery time te - 300 - ns

Ve=100V, Ir = I5, dig / dt = 100 A/us

Reverse recovery charge Oy - 2.5 - uC

Ve=100V, Iz =I5, dig / dt = 100 A/us

Semiconductor Group 275



SIEMENS BUZ 42

Characteristics at 7, = 25 "C, unless otherwise specified.

Total power dissipation Typ. output characteristics
Pt =f(T¢) Ip = f (Vbs)
parameter: z, = 80 us
BUZ 42 SIL02251 BUZ 42 SIL02252
80 S T W0y {
Por \ Iy (Bem7OW L 1OV gv jgv 7.5V | 7v
70 \ A / / =
) L/,
60 ’ k // ///
| — 6.5V
\ =
* \ LI~
N\ 5 /X
“ \ v /4
4 4 N 5.5V
30 X //4 PR -
S |5V
2 \ My
\ / 7 4
10 \\ 1 /,/ - 4.5V
— 4
0 0
0 20 40 60 80 100 120 °C 160 0 5 10 15 20 25 30 V 40
- TC — I/DS
Safe operating area Typ. transfer characteristics
Ip = f(Vbs) I =f(Vas)
parameter: D = 0.01, 7 =25 °C parameter: t, = 80 us, Vps =25V
102 BUZ 42 SIL02253 5.0 BUZ 42 SIL02254
- fo = D:i I
Iy A T Iy A
1,=6.6us A I
Py f 100us| 10us | 40
Tms| AT T™ ‘ I
A N 3.5
10! 1Orr!15 A l
100ms AN TSt 3.0 I
TN \\ - N
NS NN 25
A DC\)} >
s IYIRRER 2.0
< NS
100 & / \\‘ \\\ /
3 1.5
LY A
\ /
\‘\\ 1.0
- \:ﬁ 0.5
107! 0.0 : /
100 10 102 v 10% 0o 1t 2 3 4 5 6 7 8 V 10
— Ws — Vs
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SIEMENS BUZ 42

Typ. drain-source on-resistance Drain-source on-resistance
Rps (on)=f(ID) Rops (oan(Tj)
parameter: Vgg parameter: I, = 2.6 A, Vgs = 10V, (spread)
6.5 BUZ 42 SIL02262 6.0 BUZ 42 SIL02256
) I i [ "
Rosony & [ Yes=5V 5.5V —6V—- 6.5V —7V— Roston) 0 -
4 /
? 5.5 / / T 5.0
| 5.0
// 4.5
4.5 / / l 4.0 /7
4.0 1 7 35 // ,
35 “I ,/ // / ’ // {
3.0 — AP A" 30 9wz | A
. > 8%
2.5 //, //r / 8V 2.5 /’
———‘/‘/:// 9V 2.0 /1
20 = o s -~ typ
1 )
1.5 ////
1.0 20V 1.0
0.5 0.5
0.0 0.0 -
0o 1 2 3 4 5 6 7 A 9 -80 -40 0 40 80 120 "C 160
—=1Ip — T
Typ. forward transconductance Gate threshold voltage
8t =/ (Ip) Ves (th) =f(Tj)
parameter: 7, = 80 us parameter: Vgg = Vs, Ip = 1 mA, (spread)
4.0 BUZ 42 SIL02255 5.0 BUZ 42 SIL02260
S [ v
91s 3.6 VGS(th)44
3.4 _— s O
3.2 — 4.0 == 98%
i = -
> 36 -
2.6 e 3.2 — : il
2.4 / - typ
2.2 // 2.8 - [
2.0 / 2.4 =Sl
1.8 / =t 2%
1.6 // 2.0 ==l
1.4 T
1.2 / 1.6 N
1.0 1.2
0.8 / —
0.6 / 0.8 [ |
0.2 [
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 A 45 -60-40-20 0 20 40 60 80 100120 'C 160
—-— ]D ——— TJ
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SIEMENS BUZ 42
Typ. capacitances Drain current
C=f(Vbe) =f(Tc)
parameter: Vgs =0V, f=1MHz parameter: Vgg 2 10 V

101 BUZ 42 SIL02257 45 BUZ 42 SIL02259

c )/
nF D
A N
T T 3.5 \\
10° 3.0
n Ciss \
2.5 N
\ 2.0
107"\ 1.5
\\ \
COSS 10 \
— \
Crss 05 \
107 0.0
0 5 10 15 20 25 30 V 40 0 20 40 60 80 100 120 °C 160

— s

Forward characteristics of reverse diode

Ie=f (Vsp)

parameter: T, t, = 80 us, (spread)

102 BUZ 42 SIL02263
Ik
10! 2t
7
ai
5 A
JiIv/4
[ V/
. l 7j=150"C typ
10 == 7J 25°C typ
5 HEHET=150°C (98%)
1 r1-= 25°C (98%)
107" l
0.0 1.0 2.0 Vo 3.0

— Yy
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T

Transient thermal impedance

Zinyc=f(t)

parameter: D=1,/ T

1 01 SIL02261
ZMJC
T K/W
100 L
107" =
10—2 4 J J_

—pfp
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SIEMENS

SIPMOS® Power Transistors BUZ 45
BUZ 45 A,BUZ45B

® N channel
@ Enhancement mode

VMT05152

Type Vos I, Tc Ros (on) Package " Ordering Code

BUZ 45 500V |96A |25°C |0.6Q TO-204 AA C67078-A1008-A8

BUZ 45 A 500V |83A [|25°C |0.8Q TO-204 AA C67078-A1008-A9

BUZ 45 B 500V |10.0A |40°C |05Q TO-204 AA C67078-A1008-A10 -

Maximum Ratings

Parameter Symbol BUZ Unit
45 45A | 45B
Continuous drain current I 9.6 8.3 10 A
Pulsed drain current, 7o = 25 °C Ip pus 38 33 40
Drain-source voltage Vos 500 Y
Drain-gate voltage, Rgs = 20 kQ Voer 500
Gate-source voltage Vas +20
Power dissipation, T =25 °C P 125 W
Operating and storage temperature range T, Ty -55...+150 ‘C
Thermal resistance, chip-case Ry i <1.0 K/W
DIN humidity category, DIN 40 040 C -
IEC climatic category, DIN IEC 68-1 55/150/56 L

1) See chapter Package Outlines.
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SIEMENS

BUZ 45

BUZ45A,BUZ45B
Electrical Characteristics
at T; = 25 "C, unless otherwise specified.
Parameter Symbol Values Unit
min. | typ. 1 max.

Static characteristics
Drain-source breakdown voltage Vierypss | 500 - - \%
VGS =0 V, ID =0.25mA
Gate thr