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INDUCTION HEATING

Wittaya Rucktanakul
Prasert Daoloy
Somsak Cheersirikun Advisor

1995

ABSTRACT
This thesis explain about how induction heating works. The induction heating give
effective heating to material. It works about 100 kHz. And consists of control stage, gate driver
and paralleling power mosfet for making more current. The circuit is half bridge converter and
output is occured at resonant frequency which occur maximum output current and efficiency.
The thesis can be developed by microcontroller that control frequency, temperature and

output currrent. This makes it higher efficiency and popular now.
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INDUCTION HEATING

inductor
connections coil
to generator  (primary)

metal to be
heated—

work piece
{secondary)
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frequencies used in induction and dielectric heating

Frequeacy. Hz Sauree of power Uses®

Masx induction heating for farging. forming.

G0 =960 Rotating graccatons
or eonverters extrugion. ot pecheating
960 - 10.000 Motor-gencratar sets Inductinn hesting for melting. hieat-treating. and
hardening
10.000-60.000 Converters Induction heating far small-scale melting and
sintering
20.000-550,000 Vacuum-tthe ascillators Surface induction heating for hrazing. soldering.

hardening, and strip and wire heating
2.000.000 -90.000.000 Vacuum-tube nscillators Diclectric heating
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ifia (Nickel) 680
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o a o y o o [ o
ididadusuaeidoudi wazssiinszualvavinmsulisesald  dmsuludusud

o o A’l’ @ o
unuemMAYTAN TaINTIUBY V| I Uaz Vg szasethuiusiaiby

Ro
otype -~ o |
subsicaie Voo = 0 l
o fn
G ’ — vOs
o
1% - 2
Ve S -,- Voo
Basrwc structure Symol

n-type
substrate

Basic structure Symbot

o g o s a o
zl.l'ﬂ 3.2 (W Lﬂﬂﬂ'ﬁl‘lﬂﬂﬂ'ﬂﬁﬂﬁlﬂﬂﬂﬂﬂ



10

3.2 SnvarmuiRfieaizasiaveausaiin

voaninfiuginsaifinugu®aoussiu fdduymsuiiaudaann  ldnszuann
TradunadhunTuewy * Sasmsvnonszuedaudiusandusennssimasy I, fiy
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usnwféuﬂuéﬂﬂﬁ'zwmns:umﬂsmm:usﬁumm:xi‘lumﬂﬁmas"?}ﬁﬁm’h

dnvazauidloufwveweannyiiaduuar viafiuaasdag Uil 3.3 uazgud 3.4 sudy
dnyuzmnidmasmiynvesdusudmuineamasiaduesinishonly 3 uSnafe Uw
Anosy (cut off region) 114}0 Ves < Vr, u?nméuﬁm?aﬁu%aﬂ (saturation or pinch off region)
il Vps > (Vg - Vi) UiazuSnauBadu (linear region) tie v, < (Vgs - Vo) Mifiudoonaziia
il Vi = Ves = Vo hiShudadu nszua 1, sewfouTaudiudadiusunsadu \/
ilowInnszuaasugazus AT U fveamlaa Id s nududy  dmsuntsa
IndaluuSoaud nszuamsuszasiidonsady Vs Rty °luu?nmﬁyuamvlngnﬁ111]1%'
vorousu  weaimisiaANATuAz S uE T ‘u:ﬁiumaﬁ'ﬁma:mﬁ'ﬁagﬂﬁ 3.5 M
NIWARBUANUANT, g M1AVIN g = dI,/ dV,, flD V,, Aol HAZAMAUMUR LD IINN,
fo = Rps MIANIN Ryg = dVpe / dl, Ry MuFnaiiudeenszimquiiumnnz Tery nazly

a a g a1 o a_a e
Uil’]ﬂu‘]ﬂlﬁuﬂzllﬂ‘]ﬂ'uﬂuuaaIa”N)
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E 0 Ve r-lo
a-cnznnel o-channe!
(a) Daotenon-ivpe MOSFET

v
I‘ Is i 0 Ves
]
O, Vr/ ) / do

n-channel g~channei
(b) Ennancement-tvoe MOSFET
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3.3 Tassafaveariedusaa (Structures of Power Mosfet)
1. WannANNEITONRBUYBuRuANGTTA e ThdeiTud

- Busaduiiu@ady (Voltage driven inpur)

- 1‘1’7"5‘15'\3%‘11‘!511?}1]9%‘1 (Low input power)

- 1%’Qﬂﬂiﬁi’1uﬂ‘li ‘lT‘U‘U‘llﬂﬂﬁ’BU (Few driver circuit components)
2. fianmFlunsaindqunn (Very fast switching times)

- Nufiwmzduioy (No minority carrier)

- T lumsngathnsziued Minimal turmn-off time)

- v{uﬁﬁmuadnﬂaaﬂﬁ'mﬁa‘lnﬁﬁnﬁmi’n (Large reverse baised safe operating area)

- fifmuuIaniveadasuenuge (High gain bandwidth product)
3. fidulszAnfuinmegungiisenudmuvazthaszua

(Positive temperature coefficient of on resistance)
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» v A
- Hunivhauedadasasuiie ludseasandn (Large forward biased safe operating area)
- dwaemsilUasvuiu (Base in paralleling)
4. ﬂ"]‘nﬂuﬁ’ﬂil‘uﬁﬂllﬂu%ﬁ’mmﬂﬁxﬂdﬁ (Almost constant transconductance)

5. UANUNUAD dv/dt I (High dv/dt immunity)

8.4 1197191 (Operation)

3.4.1 nIzUAAITY (Drain Current) , I :

P as Y [ Y a.’: A’: .’f an o Y a
dieflounsedulduninnlagdalfimnzaniivinanazds  Fuddneuvsunnazildina
M da o o Y 4 a a ' v . .
suvasenu Iihaldndassduimuds o, MSnufivesvosuns (diffused channel region)
o e 2 A’: & 1 1 S a = 1A .
17U 3.6 Fduvesmuw IfhendeudssznivuwedatuuSnuiiungisee (ligthly doped

. <2 o Yt A a1 J =3 4
region) UVBIVUATU ﬂ\‘ﬁ’l'l‘lﬁllﬂ?SllﬁlﬂﬁlUﬂﬂﬂullﬁ'\‘lﬂiﬁnllﬂlﬂ511(]\13)'@5'(’{ (Vo) DITUAATUIL

y v
W uedaiaus auaums
I; = (Z/L)pC,[Vss - Vosan] Vos

AIANNAWIT0 IUMTNTOUNVOININE (carrier mobility)

Taun

M
' =1 n’: 7 1 ] Af -
c, = manunulszyuessunnesn ledaontitonud
Z = ANAIIUIY0T (channel width)
I

= A7NYIIVBIYTOI (channel length)

S G

Cas et Il.’n_v_u] S AT A
o) B2
I Do Zany Aty ‘,mm_v; T
[

*3U% 3.6 anudumessuzaiansves 11 3.7 arwiRudszyudeves

ginsalimesueaiia gunsslimuesuema

) 's
3.42 NIUAAIUATIAUY (Transconductance) , g, -
dasvesveuwsivsmadduiiudasiduvesnisnlfountatvensuaasuny

P ar - 4
msiasulasveussduinniavesa AUTUNIT
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8 = A Id(sat)/ A Vs
= (Z/L)C,[Vg - VGS(th) 1Vps
[~ o P o @
T)zlmu15’)10917111(110%3&]11'&1’1]ﬂ'liﬂﬁll'llﬁnaﬂﬂlﬁ‘iﬂulﬂﬂ

343 USIAUTAYIANINAIAT (Threshold Voltage) , Vg,
ussduinwanmaduiuussdunmbaeiaideamsi biifanisunsnseaolszqas

fwusnufivesses ludwammassuussduinnanmasdraansam1dlassimuasinssua
¥ H 1 4 1 4

ImA  Aiuusduinihiiianssualva 1 ma Aeussduinuimnmasda miflaziuegivany

o J ' t ) P2 IS - 4 ﬁ ' A '

mnvesiunneen laduazmaumsnieluses mdgatigungiiteddiar 1.5 Taan  Wushiiuud

uouihlglasahemegluanzmamhauiunineu sunsenigungivessesdeta 150°C

3.4.4 ATWMUMUYULTANIT (On-Resistance) , rog e :
Arnnudiumuvusdasesasom ideinanudumusniinsumasulva
nszue 1wsuez Inaninviasullviveda vngulft 3.6 r tssnoudasnudumu 4 dade
Sunefatuuruiua (The inversion channel), e , U?nmmﬂ-muuaﬂﬁaayafu (The gate-drain
Accumulation region), r, , U?l’lﬂlﬁu‘ffﬁh‘f}lmﬂﬂ (The junction FET pinch region), ryg, Hae
UTASUTUNSI§ 8919 (The lightly doped drain region), fy AINAUNIS
Toseony = femt Tace * Imer + Ip

UDYNUANUUTIVOITE (chanael)

e

Ten

be

[y

L4
Tyce VUBYNUAIMNIUBIFUING (poly width)

Ty YMOYAUATIATUMUSUNIL (epi resistivity)

-
=)

} 4 t 4
MauatizulsHaduAUA NN NIBITEY LazISIRUIANINTDT o
y } 4
p  Bufudadiuvesnrudiumusumzanundevesiu Induazidudadundy

AR NIUBIYed

3.4.5 UIIAUNINGW (Breakdown Voltage) , V(BR)DSS :
ussRuRInmenIsusunduseduveumnosuomia  Janyuzinilou V aryczs V89

TuTwarsnsudmassuassuifamdouns Wanaouuves11aus (avalance breakdown) F31Ri@
vousiausriagadlonamawluuTnauAwadu (depletion region) vaizfouussauludanduly

' ' ag Vo o o o o o q ¥a o .. )
llﬂiavﬂﬂwmuilu1?1iUWZ‘NQ‘I‘N‘Baulwvdwa‘m}z‘nﬂmﬂﬂmi16881&11&1%"!114 (ionization) HIBIUD
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auwIihfagadngs  vinavsassdumuIsaNIITUININNGANs SUUBLTNA NN @159

¥ [
YBATUIATU ua:&mﬂqm?}anﬂmm _die’s surface electric field
51 3.8 Wuaees Iihweslassadengli 3.6 szituldhinssahudlunnuFaned
Ysznoueyludiiawes (epi layen) 18 A lugilii 3.7 s ldiudiamesuaziuavzaoithdaoiu
[ .’,' = {l 1o ‘1 1 4 ﬂ <t [P |1 T 4 a
AviuatlumaguaTMlum Vg, po ¥0UMnoTNeaiaTamaiy Vg, o v0e luTwaninsmda

o ar o a0 o 4 kY J 7 o A . -
9107 uﬁ:ﬂ'\?mﬂ'ﬂlﬂﬂ"ﬂﬂ0ﬂUIa"s‘ﬁaiﬂﬂ:hﬂﬂuiOUﬂQLUﬁ-ﬂﬂalaﬂmai uuﬂ‘a'lﬂiaﬂ (diode) N

ADATOUUUAT UUALUIYDS AUDANUIDTUDAINA

X
& D_l:%
d 1 s |

11 3.8 lanzunsusesiiounioluginseiningifi 3.6

L]

w O

v =3
3.4.6 MANUNLLSTEYYBINIIBINBMHA (POWER MOSFEET Capacitances)
J o a 3 3
sanunulssgusamneiveaiaianalnsiaivuewmominzsosdonidoy  mAw
g da ¥ Y 3 g ] < .
lﬂUﬂSZ‘i}ﬂlﬂﬂ‘mﬂIﬂ5~1ﬂ'5Nilﬂ?fﬂia‘iﬂO‘Uﬂ'JUﬂ’lﬂ'J'llllﬂUﬂﬁ'sﬂ‘Uﬂ\ilﬂ‘n-“lfﬂ?’c’( (gate-source capaci
' 3 -]
tancc),Css ua:mm‘lmﬁuﬂszwaamﬂ-mm (gate-drain capacitane), ng VUIAVDIATAINUNY
5 P4 (XY £ ed d Pt aa A .t ad de H
ﬂssqmﬂawz‘uuagﬂuiﬂsqﬁsmta:aeﬂ'lwmmm‘nmﬂwmnausauaawzau‘numiﬂwuvm
2 & o o Y a 1 g - 4 t P dy 9 P} a
ﬁ"]ﬁfNﬂ'Ju‘l‘ﬂ'l1ﬂlﬂﬂﬂ1ﬂ11ﬂlﬂﬂﬂ7$ﬂ.lﬂ5un@‘]fﬂiﬁ llﬁzﬂ'lﬂ'J'Illlﬂﬂﬂiz‘i!uﬂ"m’ﬁﬂﬂ'l‘lﬂt"Uﬂuﬂ'J
< @ [ 3 U as 4’ 1 4{ aa . 1 a a8 a4 da
lﬂUﬂi:ﬁQYI']‘lﬂ muuﬂwamm:wagmmu‘nmua:ﬂ’nun‘3’1wmiaummnmﬂwawmﬂﬂ
mstlouludandy (reverse biased junction depletion region)
ad a as o { 4 ]
auladidnainves c, waz C,, inezlfuds Suilududurszyfideudruadosinn T
o o M o b 4 v 4 9 4 a o Y a o
lﬂavumquﬂaumausmu ﬂ11l5~1ﬂu1’lﬂ0u1ﬁ‘lﬂlﬂ'YI‘UU\HW'N'JS?Uﬂﬁlﬂﬂtﬂuﬂzﬂﬁﬂlﬂﬂﬂ'l':"VN

' 1 Y o A o o
ﬂﬂ'\UN'luuﬁ,')ua?v'ﬂaTUlﬂUQTﬂj’lUﬂ']'Uﬂ'lu HUAD lw']nﬂsuﬂﬁlﬂﬂlﬂﬂﬂ'w
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3.5 YsRusuniIeIamva

-
3.5.1 AUITI (Speed)
§ 1 ] v & o o
e veamaitiugunselfildwimzduing (majority carder) Aaiudanidiianugs
lumsaindisa FedaiylyInminsudamesfiflwmedanies (minority carrier) Aoy
° 9 ' . dy o a L4 ; (XY
wer W ldimded (storage time) 1T AnuSilunsaindveuneivemass fuegiy

=3 ' o 4 TREMSYS a
mannlszguazawlszgrasinnuiudssymolunnesuoada ud lituiugunglivas

19U

352 ﬂmﬁnﬁ'ﬁmaﬁmﬁum (Input characteristics)
b 4
InnvsuwInesuALunoen N A Inususen lada s ounud oA Y IUIY

b

' @ s @ @ . A & Yt 7
UNIUINON 40 Mq lW"I!’JﬂTUﬂﬁlﬂﬂﬂTﬂﬂiﬂ‘ﬂ&'?U‘11]6?1'?]?!')\3%5 (biased-on) mnm‘n'lﬂm 10 I’Jﬁ‘n
} 4

AuniumusoasNIIn TTL 5o cMos 18
& s 2 o aqY w - T4 Y =2 o
Wainnueneennyes adwi liyadunn (gate drive) Liiferdosdunszuainaa S

Taanwgannlumsianesduas Taadhldnmuesssuuanas

353 Auihanlaoad (Safe operating area)

mnesweaase ludesmssananuannsalumssusdannanus iduiisne ¥ 619
Yumsiianms fnaeiiase (secondary breakdown) 92 luifialuninavesgunsal o1l lides
Mesmivueivssldmauiulszyiosq lunesaiuiwes

YBUIYANTSAULBANY (safe operating boundaries) gAvifialagssAunsTUAITA U39

AurInae uazarwansalunisiusdsvesgunsel

3.5.4 USIAUVULI0TUA (On-voltage)

ussdusgavaizaees Javeamnesmnesuemra winisuininmauduvazes
19, rosem Amivaufiussdud i Toscon N ud‘?'iuﬂé'uqa A Tngen, Roziutumy
0 1, DdlsrAminugungiduin mezlumsihlddevinumsesidunlseing
MWUINVO 1y, uazmduilsyanivemsuanoudauandmeay ldmnsiusamauny

v liNnguuqiinda (thermal runaway)
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3.7.1 ﬂ'mﬂuﬁ'mmwmmmiﬂﬂ (On-resistance)
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ar L4 as ta o o - A o o o
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vouwafi 4 idu C ﬂz‘T;um_if‘)’u%é’wﬁﬂmqqmwgﬁxﬁ"mmnmsﬂszﬂau Yadiiaveaiid
ypens FBSOA M140nnsmHaneudueiiegungil (thermal response) gungiifisesdsnty
ludamnefueaiagagaiieziuld uazArife . Pga  mamhaunwlunsvesildldm
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Franmdun wihlanumnsefiessuidgegaldimunsmdeduamgti 42 Sdmua
Willuwad 100 ps wilign szldmanudumungamgisivasiviiy 0.033 guiud . 92
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o 3 ° 1 @ { 1o
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3 o ar d' (7 = (% d
4.2 Yedravesmanfdsumlawssduineuiuaailuwiesueain
(dv/dt limitions in POWER MOSFET)
dv/dt Alisgaqeusainald 3 anne annzusnszeglugdvesmsulfoundasuaua
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An (static dv/dyy Maduilemnesveamasgluanengmbinszia  ussAUTIVUSATOUATU-

s ' { ' ! o
yoia nazdiannsodwwanseny lifivunnlasiunn-asu Anruidulssue (parasitic capa
1 4 ]
citance),C,,, 9z¥uBgfiuvInvBIBuRuAUdNN-ToTa uaznszuad Tnaidnvunn hldussdunn
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42.1 MIteIRUVUAN (Protect the Gate)
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5.1 19959181059 (Rectifier and Filter)
[} ¥ N ] v
mihvoresaduiinge  sundanuTagasaon IMthunwdassdu Idaduntinnud
.4 A'I LY ] 1 o é o o o A' .
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5.2 943AIURN (Control Circuit)
Tilepiuldtimsndalodilfludnuuzves PWM nmowed  usaziuesnliudnas
° a [ 1 a o u’y 1
vhewadoqdu  duruludSyaninusii ldidenidwes sc 3526 duduvesmsaiugumsie
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ABSOLUTE MAXIMUM RATINGS
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SYMBOL — PARAMETER RATING UNIT
Vs Supply voltage i 40 “V
Ve Collector suppty voltage 40 "
Vin Logic input voltage range, Pins 5. 8, 12 -0.3 to +5.5
Vin Analocj input voltage range, Pins 1, 2, 6, 7 -0.3V to Vs
lo Output current +280 mA
lper Reterence load cument 50 mA
hn Logic sink current 15 mA
Po Package power dissipation (Plastic DIP_)ZZ 1.9 W:

(S0), (Cerdip) 1.4 w
Ts Storage temperature range -65 to +150 °C
NOTES:

1. Maximum junction temperature, Tpuax = 150°C. Rating is for Ta = 25°C.
2. Plasdc 9,4 = 66°C/W; Cardip 814 = §8°C/W; SO 84 = 85°C/W.

Ui 53

3

Yoy

3
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UMDERYOUTAGE
LOCKOUT

amldifenumsmauues SG 3526

s Q
X T
[ B f ] —g
MEMCRY TOGGLE

11 5.4 vienlaezunsunsieures SG 3526
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i 61 gUaaudyanausull

( VOLTS/DIV. =2 V , TIME/DIV. = 5 pus )

v

Ui 62 jUnauiewiNNYes SG 3526

( VOLTS/DIV. =5 V , TIME/DIV. = 5 us )
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= 4 A 7
71 63 jUmaunIMYNY SG 3526

bl

( VOLTS/DIV. =10 V-, TIME/DIV. = 5 us )

e g et — s e
{‘/ e e e e

;U 64 jUaduieninnves IR2110

L . bl

( VOLTS/DIV. =5V , TIME/DIV. =5 us )



51

1 65 sUnduiewiynves IR2110

“

( VOLTS/DIV. =10 V', TIME/DIV. = 5 us )

;U9 6.6 JUndunowthmiTaulaaiad

¥

( VOLTS/DIV. =5V, TIME/DIV. = 5 us )
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( VOLTS/DIV. =35 V , TIME/DIV. =5 us )

e A

_/L/L/LJ L/JL/L/U

= 4 4
Ui 68 gUnAuTvIAN-FEsavBaINIneNEmA (ATeuFueTlaTentaaadn)

( VOLTS/DIV. =5V , TIME/DIV. = 5 us )
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1N 69 jURauRvIAsU-RsAVININDT VENA (Vin= 30 V, Jin = 5 A)

“

( VOLTS/DIV. =20 V, TIME/DIV. =5 us )

Ui 610 JUadwu v, vuzliliTvaa (Vin=30 v, Iin = 5 A)

( VOLTS/DIV. =500 V , TIME/DIV. = 5 us )
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s 611 sunau v, vusiilnan (Vin=30 V, lin= 5 A)

( VOLTS/DIV. = 500V, TIME/DIV. = 5 s )

7N 6.2 guadu v, vazhiliTvan (Vin=30 v, lin = 5 A)

( VOLTS/DIV. =500 V , TIME/DIV. = 5 us )
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U 6.13 gUadu vo vusliinan (Vin=30V , lin=5A)

( VOLTS/DIV. = 500 V., TIME/DIV. = 5 ps )

= 4 da v
77 6.14 jURAUvEInsUANBUNN (AN current probe)

“

(Vin=30V ,Ilin=5 A)
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 MOTOROLA

SG1526
S$G2526
.SG3526

PULSE WIDTH MOOULATION CONTROL CIRCUIT

The SG1526 is a high performance pulse width modulator inte-
grated circuitintended for fixed frequency switching regulators and
other power control applications,

Functions included in tnis IC are a temperature compensated
voltage reference, sawtoath oscillator, error ampiifier, pulse width
modulator, pulse metering and steering logic, and two high current
totem pole outputs ideally suited for driving the capacitance of power
FETs at high speeds.

Additional protective features include soft start and undervoltage
lockout, digital currentlimiting, double pulse inhibit, adjustable dead
time and a data latch for single pulse metering. All digutal control
ports are TTL and 8-series CMOS compatible. Active low logic design
allows easy wired-OR connections for maximum flexibility. The
versatility of this device enables implementation in single-2nded
or push-pull switching regulators that are transformerless ortrans-
former coupled. The SG1526 is specified over the full mditary junc-
tion temoerature range of -55°C to *150°C. The $G2526 1s soecified
over a junction temperature range of -40°C to *180°C while the
SG3526 is specified over a range of 0°C to +125°C.

® 8.0 to 35 Voit Operation

8.0 Volt =1% Trimmed Reference

1.0 Hz t0 400 kHz Oscillator Range

Dual Source/Sink Current Qutputs: 100 mA
Digutal Current Limiting

Programmable Dead Time

Undervoltage Lockout

Single Pulse Metering

Programmable Soft Siart

Wide Current Limit Common Mode Range
Guaranteed 6 Unit Synchronization

® 6 & © ¢ 0 © VO 0 o

PULSE WIDTH MODULATION
CONTROL CIRCUITS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

N SUFFIX
PLASTIC PACKAGE
CASE 707-02

J SUFFIX
CERAMIC PACKAGE
CASE 726-04

B8LOCK DIAGRAM
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PIN CONNECTIONS

—

- Error C E Vrot
- Error E E Vee
Comoensation E E Outpuc B~
Cseft-Start E E Ground
WE E ve
~-Cs E E Output A

Shutdown E E Rpeadtime
Rt El 1__0] Cr
PR S |

Top View

ORDERING INFORMATION

Junction
Device |Temperature Range Package

SGis2ed ~55 0 +150°C | Ceramic DIP

SG25264 Ceramic DIP
sGzszsN | 0% T1SCC | ppastic 0P
$G3526 Cararnic OIP

scaszen | . 0 C Lprasic o




MAXIMUM RATINGS (Note 1)~

" Rating "Symbol Vaiue Unit
Supgly Voltage vee va0 |, vac
Collector Supply Voltage ) ’ Ve +40 Vde
Logic Inputs - -0.3 10 *5:5 \
Analog tnputs - -0.3t Ve v
Qutput Current, Source or Sink 10 +200° mA
Referance Laad Current (VCe = 40 V. Note 2} lret 50 mA
Logic Sink Current - 15 mA
Power Dissipation {Plastic and Ceramic Package!) Po mw
{Note 3) TA = +25°C 1000
(Note 4) Tc = +25°C 3000
Thermal Resistance Juncuon to Arr RgJA 100 SC/W
{Plastic and Ceramic Package)
Thermal Resistance Junctron ta Case Rguc 42 Crw
(Plastic and Ceramic Package)
Operaung Junction Temperatyre Ty -150 ’C
Storage Temperature Range Tstg -850 ~150Q R
Lead Temperature {Soldenng. 10 Seconds) Tsolder =300 C
Notes:
1. Values beyond which damage may occur -
2. Mamimum junction (emperature must ba observed.
3. Qerate at 10 mW/ °C for ambient temoparatures acove - 50°C
4. Derata at 28 mWI'C for case temperatures above - 25°C
RECOMMENDED OPERATING CONDITIONS
Characteristic Symbol Min Max Uait
Supply Voltage vee -8.0 *35 vde
Coltectar Supply Voltage Ve «4.5 +35 Vde
Qutout Sink/Source Current {Each Outpur) o 0 *100 mA
Reference Load Current Iref 0 - 120 mA
Qsacillator Frequency Range foec 0.001 400 - kHz
Osciliatar Timing Resistor Rt 20 . - 150 .. 2
QOscillator Timing Capacitor A Ccr 0.001 20 . »F
Available Deadtime Range (40 kHz) 3.0 50 _ %'
Operaung Juncuon Temgerature Range Ty o | °oC
$G1526 -S5 .+ 150 ¢
$G2526 . -40 :+150-
$G3526 . 0 #125

.




ELECTRICAL CHARACTERISTICS (vcc = +15 Vde, Ty = Tiow t@ Thigh [Note 5} unless otherwi

s specified)~

e T e B §G1626/2526 . $G3526—— - - |- .
- Characteristic .- Symbot- - n = Unit
————mmmaee T e e Min [ Typ l Max Min I Tye [ Max
REFERENCE SECTION (Note 6}
Reference Output Voltage (T j = +25°C) Vret 4.95 5.00 5.05 4.90 5.00 5.10 v
Line Regulation Regline — 10 20 - 10 20 mv
(r8.O0VE Ve *3I5V)
Load Regutation. 0 mA € I < 20 mA . Regload - 10 30 — 10 50 mv
Temperature Stability AViet/ AT - 15 - — 10 - mv
Total Reference Quiput Voltage Vanation Vypef 4.90 5.00 S.10 1.85 $Q0 5.15 \
(+80VE Vo €+35V. 0 mAL I €20 mA)
Short Circuit Current isc 25 80 125 25 80 125 I ma
(Veef = 0V, Note 2) | |
UNDERVOLTAGE LOCKOUT
Aeset Output Voltage — - 02 0.¢ - 0.2 04 | v
(Vegt = +3.8 V)
Reset Quiput Voltage — 2.4 4.8 -— 2.8 4.8 — v
Veet = *4 8V
OSCILLATOR SECTION {Note 7)
T
= - 3 L1 L - - — - .
[ lnwat Accuracy (T = -25°C) =30 | =80 | =30 [ 80 l
Frequency Staoility over Power Supoly Range Masc — Q0.5 i0 - s § 1 o | % i
{r8.0VE Ve s *ISV) AVee , t
Frequency Stability over Temoperature Mose -, 4.0 = - 2.0 I' - %
(AT = Tigw 10 Frighl: aTy | .
Minimum Frequency frun = 0.5 — - 0.5 - E Hz
(RT = 150 ¥, C1 = 20 uf)
Maximum Frequency Imax 400 - - 200 — = wHz
{RT=2.0kN, Ct =000} uF) i
Sawtooth Peak Voltage VosciP) - 3.0 15 - i 30 s v
(Veg = +35 V) ] i
Sawtoath Valley Voltage Vose(\) 0.45 0.8 W) 045 | 08 ! — i Vv
(Veg = +8.0 V) | ! | |
ERAROR AMPLIFIER SECTION (Note 8)
Input Offset Voltage ; Vig —_ 2.0 5.0 — 20 10 mv
{Rg € 2.0 k) !
Input Sias Current i 18 (1 -350 |-1000 ) -350 | -20001 nA
Input Offset Current ! o — 35 100 — } 3S 200 | nA
0C Open Loco Gain Avol 64 72 — 50 72 ¢ - a8
(RL 2 10 MY
High Qutput Voltage . Vox 3.6 42 - 3.6 4.2 - v
{Vpin 1=Vpia 2 2 *150 mV. lsource = 100 uAl
Low Output Voitage i Voo - 0.2 0.4 - 2.2 0.4 v
{Vpin 2-Vpin 1 > +160 m\. Lsjnk 2 100 4A) |
Common Mode Rejection Ratio CMRR 70 94 - 70 94 — d8
{Rg < 2.0k} : B
Power Supply Rajection Rauo PSRR 66 80 - 88 30 -— <8
(H12VE Ve S *18 W)

Notes:
5 Tiow = ~35°C for SG1526
-40°C for 5SG2526
0°C tor SG3526
Thigh = = 150°C for SG1526/2526
+125°C for SG3528
£ Iy, = 0 mA untess otnerwse noted.
7. fgec = SO XHZ (RT = 412K = 1%,
Cr = 0.01 4f = 1%, Rp = 0 QI
8. O0VEVeMm € 52V



ELECTRICAL CHARACTERISTICS (Continued) _

! . . .C o ] ] Symbol SG1526/2526 S$G3526
enstc ° ym Min [ Typ [ Max Min [ “Typ” ’ Max
PWM COMPARATOR SECTION (Note 7) i
Minimum Outy Cycle OCmin —_ - 0 —_ - o %
Vcompensation = *0:4 V)
Maximum Dury Cycle OCmax 45 49 — 45 31 49 —_ %
(Veompensation * *3.6 V)
DIGITALPORTS (SYNC, SHUTDOWN, RESET)
Outout Voltage — High Logic Level VOH [ 2.4 4.0 — 2.4 40 - v
(lsqurce = 40 uA)
Qutput Voltage — Low Logic Leve! VoL ] - 0.2 0.4 - Q.2 0.4 v
{Isink = 3.6 mA}
input Current — High Lagic Leve! "] — -125 -200 — -125 -200 uA
Vi = *2.4 V)
Input Curreat — Low Logic Leve! W - -225 | -360 - -225 | -360 pA
(Vi = +0.4 V} 1
CURRENT LIMIT COMPARATOR SECTION {Note 9
[ sense voltage Vsense { 90 100 | 110 80 100 120 mv
{Rg<s0n) ! i .
Input Bias Current e | = -30 | -0 - -3.0 -10 uA
SOFT-START SECTION
Error Clamp Voltage — - 0.1 0.4 - o.1 0.4 v
(Reset= -0.4 V)
CSoht-Start Charging Current ics 50 100 150 50 100 150 uA
(Reset= +2.4 V) :
OUTPUT DRIVERS
(Each Qutout. V¢ = 15 Vdc unless ctherwise specified)
Output High Level VOH v
fsource = 20 mA 12,5 13.5 - 12,5 13.5 -
Isource = 100 mA 12 13 ja 12 13 -
Qutout Low Level Vou v
lIsink = 20 mA = 0.2 03 — Q.2 0.3
Isink = 100 mA - 1.2 2.0 - 1.2 2.0
Callector Leakage. Vg = ~40 V ICtteak) -+ 50 150 - 50 150 BA
Rise Time (C(_ = 1000 pF) t - 0.3 0.6 — 0.3 0.6 us
Fall Time (Cy_ = 1000 of) 1] - 0.1 0.2 — O.1 0.2 RS
Supply Current Icc - 18 30 - 18 30 mA
{Shutdown = +0.4 V. Ve = =35 v,
Ar=4.12%N0)

7. losc = 40 KMz (RY = 417101 = 1%,
CT = 0.01 ufF z1%.Rg = 0 Q1

B.OVEVe 8§ »52V

LOVEVey S ~12V




FIGURE 1 — 5G1526 REFERENCE STABILITY
OVER TEMPERATURE
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FIGURE 7 — V¢ SATURATION VOLTAGE AS A FIGURE 8 — SG1526 OSCILLATOR PERIOD
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FIGURE 9 — SG1526 ERROR AMPLIFIER FIGURE 10 — SG1526 UNDERVOLTAGE LOCKOUT
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data latch which suppressas high frequency stng in a pusn-oull configuration by remem-

oscrilations by allowing only one PWM puise bering wnich ouiput produced the 1ast pulse.

per asciliator cycie.



APPLICATIONS INFORMATION

FIGURE 12 EXTENDING REFERENCE
OUTPUT CURRENT CAPABILITY
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FIGURE 14 — OSCILLATOR CONNECTIONS
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FIGURE 16 — SG1526 SOFT-START CIRCUITRY
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FIGURE 13’ "ERROR AMPLIFIER CONNECTIONS:
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Gnd —— Valtage Gad
Ay -A R
Vout * Vrel( 23 2) Vout = Vest R—;
a7
Ryaf —1"2
3 ( Ry *R2

FIGURE 15 — FOLDBACK CURRENT LIMITING
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FIGURE 17 — DRIVING VMOS POWER FETS
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The totem pole output drivers of the SG1526
are ideally suited for driving the input capaci-
tance of power FETs at high speeds.



FIGURE 18 — HALF-BRIDGE
CONFIGURATION
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Data Sheet No. PD-6.0118

INTERNATIONAL ReECTIFIER | L3R

MDOS CATE BRIVER

Genearai Oescription Features

The 182110 s & high voltage, high sosed MOS- E Flocating supply designed tor bootsiras operaticn
ceisd dower Gevice driver with indepencant hign sice — Cperating ofise! renge irom -4 to + 300V
2nd low sige refarenced outout channeis, Proprietary -~ dvidt immunity ratad at =30Vins ’
HVIC znd lzich immune CMOS iechnoiocies ena- — Quiescent power dissication of 1.6mW zt 15V
ole ruggecized monotithic consiruciicn. Leogic inouts & Wide output operaung gate drive supply rzn g
ar2 compatio |=- with siandard CMQS cutzuts or with fram 10 to 20V
LSTTL outzuts using pull-up resisiors. Cutoul drivers B2 Segarate lcgic suopiy to interiace with logic signai
use low i'-zpecance' totem-pole arrangament — OQoerating sucoly range from 5 to 20v
cesigned lor low cross-concuction current spike. — Logic anc power ground coerating ofisa!
Proszoauon delays for the tiwo channeis zre matcned range from -5 10 -3V

ic simoiily use in high lrequency soghcziion. The M CMOS Schmiti-iriggerag inputs with hysiaresis
ficaung chennel can ce used o drive & N-cnannel anc gull-cown
cower 14OSFIT or IGET in the hign sics caonfigura- = \,vc!e by cvycle ecge-triggered shutdewn logic
iien that ozsraies off ugn voliage rzil uo te 500 volts. 4 Unoervo.zc.c_;e lockout wits nysieresis ior both
cnannels .
Apgiications ®  Qutout totem-pole criver designed !0 drive
MQS-gated power gavices
B Hign irsquency switch-mcde pewer supply . — Peak current cacaniiity &t 24 minimum
— Switching iime of 23ns typical intd 1600p!
® 3C znc AC mctor arives locad
B Maiched procagaticn delay time for bath
B Ziecironic lamo bzallast ¢nannels
— Typical 120ns turn-on delay and 24ns turn-oft
B Sauscy cnarger dalay
— Maximum rated maiching difierentizl of
% Imnzucuen hezling anc welding =10ns
E Laich immune CMQOS. Withsiand > 2A reverse
K Swiiching zmolifier current at O pins
Typical Connection Pinout Assignment
. Hy
2 p— L
; s 7 M
‘i/-\; 0
e =3 R I -
Yo 15 8 e ki (5] 51 v
o Py g 10 T 51 Ve
—p 2 = : i T
Sl i T x w0 50 L1 ~N £
2 - —
l)———»z < = 3 LR - 31V
" 1 Koo o ves (O] 7o
i * —
! — ! ! 4z — 11w
l . § — —
<
For mechanical specificaions s2e Sack Dage




{R2110

Ahsoiute Maximum Ratings

Absciute Maximum Ratings indicate sustzined limits beyond which damage to the device may occur.

All voltage parameters are absciute voitages reterencad to COM.

The Thermal Resistance and Power Dissigation relings are measured under board mounted and still

air ceadrtions,

fiSymool Parameter Min Max Unnts
Va Hign Sige Floatng Suocly Acsolute Votiage -0s Vg +20
vg Hign Sice Floating Sucoly Ofisat Votiage —_— 500
Yugo High Sice Qutout Voitage Vg =03 Vg =035
\ote Low Sige Fixea Suogly Vchiage -05 20
K{¥e} Low Sid2 Quisut Voliage -05 Voo +058 v
Voo Logic Suooly Vottage -03 Vgg +20
vss Log:c Sucoly Offset Votiage Voo - 20 Voo =03
VIN Logic inout Vottage (HIN. LIN & SO vgsg -05 Vpp ~05
AT Aliowaoie Otfsat Sucoly Voliage Transtent (Fig. 16) — 30 Vias
°n Pacxage Fower Dissicauen @ T4 < = 25°C {Fig. i9) - 1.5 w
Aemga Thermal Aesisiance, Junchan 10 AmGian -_ 7S ey
T Juncuon Temcerature -33 150
T Storage Temoerature -35 150 *C
T Leac Jemoerzwre (Scigernng. 10 seconcs! -2 3G0o

Re

mmended Operating Conditions

The out/Outpui Logic Timing diagram is shown in G

withint the recommenced cangitions.

1. For proper ooeraucn the device shouid be usad

The Vg an¢ Vg3 offser ratings are tesiea witn ail suonlies biased at 15V differential. Typical ratings at other
S3 g

dias conditions are shown in Fig. 2 ang

Symoal Parameter Mirr | Max Units

Vg Hign Sige Ficaung Sucoty Azsalute Jeizgs vg -8 Vg =20

vg High Sica Fisaung Sucaty CHsar Vorage -4 3GC

Yo rign Sice Sutout Vorizge Vg Ve

Voo Low Sice Fizeg Succly Veitage o] 20 v

Vig Low Sice Cuisu: vanage o} vee

Voo Legic Suzaly Vokage vgg -5 Vgg =20

vss Logie Suzciy Olizer Votiage -3 5

ViN Logic tnoyt Yokage (HIN. UM & 3D vVgsg Yoo
Oynamic Electrical Characteristics .
vaias (Vog. Vas. VDoD! = 15V and Vgs = COM uniess otherwise specified.
The ¢ynamic electrical characieristics are measurec using the tesi circuit as snown in Fig. 1.

Tj = 25°C Tj=-351w0
150°C
Symeol |Pacameter Min | Typ | Max | Min | Max | Units Test Condltions Retermnce

on wrn-On Prooaganon Detay —_ 122 | 50 - | 280 Vg = OV Fig. 2
loff Turn-Qf Procaganon Oelay - 22 i2s — 220 Vg = 300V
tsa Shutaown Propagaucn Detav —_ 130 20 -— 233 Vg = 0av
i Twrn-On Rise Time — 2z iz - 20 Cy = 10000t Fig. '3
te Turn-Oft Fall Time - 17 23 - <0 ns C, = 10000t
i O21ay Matcning, HS anc LS u-~.On - — o - - {Hign=Ligay F1g. 34
Mgy Deray Martching, HS anc LS ura.Of | — - o] - - THEe—Ligpt!
Orityn Ceaaume, LS Tumn-OM 10 HS Turn-On | 35 | 22 | 36 | — | — {(Higna=-Liogt) Fig. 15
Dlign Geagume. HS Turn-Of! to LS Turn-On | i6 W} %~ | — {Lion-Hlon)




Static Electrical Characteristics
VgIAS (VCC. Vas. VOO) = 15V unless otherwise spacified.
The VIN, VTH and lIN parameters are referenced to Vgg and are applicable to all three logic Inout Pins: HIN, LIN and ST
The VO and 10 parameters are referenced to COM or Vg and are zpplicable to the rescective Cutgut Sins: HO or LO.

{R211¢

Ti = 25°C Ti = ~55 to
. 150°C
Symool | Parameter Min | Typ | Max | Min | Max {Units Ta=st Concitions Relerence
Vin Logic "1 inout Voltage 31 - —_ 33 —_ Vnp = 5V
5.4 -— — &8 — Vpp = WV
Q5 - - 0 —_ Vap = 13V
128 - — 123 -— v Yop = 20V
Vi Lagre "C™ Input Voltage - - 18 - .7 Vop = 3V Fig. ¢
_ -— a8 —_ as Voo = 10V
- — 8 — 87 | Vnp = 18V
- - 23 - 78 Vop = 20v
Vou Hign Level Qutout Voltage, Ygias-v0 | — | 0.7 i - 15 v Vin = Vin, lg = CA 0
rg.
Voo Low Level Cutout Vettage, VO - - Q.1 - Q.1 Vise = Vi ig = CA 9
WK Offset Supoly Leakage Current - - 50 — | 250 Yz = Vg = 3QCY Fig.
inag Cuiescent Vag Supoty Current - i85 1 220 | — | 300 Vs = Vg er Mg Fig. &
‘oo Qurescent Yoo Sugpsty Current — 180 | 240 — | 850 uA Vigs = Vo O Vi Fig. T
alels) Qurescent Vop Susoty Current - H ko] — &2 Vin = Vi or ¥y
lips = Logic 1" Input Eias Current - 15 jle] - T Viay = 18V 7g. 8
hin- Logic "C" lnout Eias Current = - t — 10 Vg = OV
Vasuv - | Vgs Suoply Unaervoliage Fesiive rrler ey | — —
Going Thresnolg
Vasyv- | Vas Suoply Ungervoitage Negauve 73 ] 83 | e3 - —
Going Thresnolg Fig. 9
vezuv - | Voo Suopty Uncervoitage Fositive 76 {es | e8| — | — v
Going Thresnold
vYezuv- | Voo Suaoty Uagervoitage Negauve g |8z (82| — —
Geing Thresnola .
o Rd Qutout Hign Shoa Circunt Putsec 2 - - - — VouT = GV, Visg = 12V,
Current A W oe= 10 us
iQ- Outsut Low Shont Cireuit Puisee 2 - - | = - Voyr = ISV, ViN = GV
Curren: W <= 10 us
Functional Block Diagram
.
T TSNS NS T RN = T TR Ty vy T — e ——
[ L3
* ¥a
( 7 L
vop s 0 1 L l |
I S C
31 —az G : = !
o] 3 T ' " HO
A PULSE " / l
$ FLIER : ' l'

<

(%)
(8]

—~
o



{R2110

Tvpical Performance Cha:acteristics

HIN
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Fig. 1 — Input/Output Timing Oiagram
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Typical Performance Chiracteristics
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Typinal Perfzrmance Characteristics
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Typical Periormance Charzacteristics
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SIZE i i
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NS 38 ns 23 s
< 33ns 3< ns
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Fig. 20 — HEXFZT Die Size vs

Switching Time (Vglag = 15V)

HEXFET | Hu=
TYpE | 100v | 200v | 300V | 400V

520 | 2000 | 1200 | 700 | 350

830 | 1600 | 1900 | 540 | 230 | T4 = 25°C AND
80 | 1100 | 520 | 540 300 | VEias =V
P46 | 840 | 540 400 | 223

Pagd | 40| 460 | 340 | 230

Fig. 21 — Maximum Switching Frequency, (max (kH2)
(fmax = swuching frecuency at whicn To= T,,-a_,( and is deriyed from calculation
using tyorcal elecincal ana nermal ratngs. 7¢r coeration at higner T4, frmax snould

De cerated accordingly.)



NPN PNP
MOTOROLA TIP31 TIP32
B SEMICONDUCTOR et TIP31A TIP32A

TECHNICAL DATA TIP31B TIP32B

TiP31C TIP32C

COMPLEMENTARY SILICON PLASTIC 3 AMPERE
POWER TRANSISTORS POWER TRANSISTORS
- . . designed for use in general purpose amplifier and switching COMPLEMENTARY SILICON
applications.
® Collector-Emitter Saturation Voltage — 406?2%1:-?;;0”5

VCE(say) = 1.2 Vde [Max) @ I = 3,0 Adc

® Collector-Emitter Sustaining Voltage —

VCEQ(sus) = 40 Vde (Min) — TIP31, TIP 32
=60 Vde (Min) — TIP31A, TIP32A
= 80 Vdc (Min) — TIP31B, T!P328
=100 Vdc {Min) - TIP31C, TIP32C

@ High Current Gain — Bandwidth Product
f1 = 3.0 MHz (Min) @ I = 500 mAdc

® Compact TO-220 AB Package

® TO-66 Leadform Also Available

*MAXIMUM RATINGS

TIP31 | TIP31A | TIP318 | TIP3IC
Rating Symbol| TIP32 | TIP32A | TIP328{ TIP32C Unit
Collector-Emirtter Voltage Veeo 40 &0 80 100 Vde by
[] ] ——
Collector-Base Voltage Ves 40 60 80 100 Vvde I_‘1 V 1] o s
Emitier-Base Voltage Veg 5.0 Vde 7
Fgy d
Collector Current - Continuous e 3.0 Ade Q A
Peak 5.0 ‘ ; v, 4
Base Current 'g 1.0 Adc £ -
4
Towt Power Dissipation o l ) ( *
@Tc - 25%C 40 Watts z ] _J_
Derate above 25°C 0.32 wrec |,_...| H.. —n
Total Power Dissipation Pp v —J L- 3
@ Ty =259 20 Watts N U7 4
DOerate above 25°C 0.016 wrc -
Unctamped Inductive E 32 mJ -J R ==
s
Load Energy 11} ﬁﬁmmwvo_'uw s g
Operating and Storage Junction| T Ty | = -651t0 +150 ——em °c 2 LI DMNEON WO
Temperature Range 1 OM 7 DEFNES & TOME WHERE ALL BOOY AsD
LEAD IVEGULARITIES ARE ALLOWED
THERMAL CHARACTERISTICS —
ch istic Symbol Ma Unit |Osd) v s wal § o M
3racterist ymbol x o [T T [l
. caTan o Tha
Thermst Resistance, Junction to Case Rouc 3.125 c/w 7] ; 1w T oy
s Tomi o
Thermat Resistance, Junction to Ambient Roa 625 ocw I oW staer
. T NI i 1, ASE
(1)ic=18A, L=20mH, P.A.F. = 10 Hz, Vee = 10 V, Rgg = 100 1. W ix NN 2 catcTon
r HEFTREY 3 FWTTER
FEREYRET-EET~E 4 COLETTOR
15 1@ T toa | goms
f tH o | ogw g
(o gy Jo tem T ouny
: Jou | m ey
L O NET ERTN
[y T 7% T o
v 3 17 . 00m 0%
Ly RS [
3 — TH T - iox
CASE 221A-04
TO-220A8




TIP31, TIP31A, TIP31B, TIP31C, NPN, TIP32, TIP32A, TIP32B, TiP32C, PNP

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

(I Charscteristic [ symbot ] Min | Max [ ume |
OFF CHARACTERISTICS
Collector-Emitter Sustsining Voltage {1} TIP3, TIP32 VCEO(sus) 40 - Vde
(Ic = 30 mAdg, Ig = 0} TIP3A, TIPIA €0 -
TiP318, TIP328 80 -
TIP31C, TIP32C 100 -
Collector Cutoff Current Iceo mAde
{(Vcg = 30 Vde, ig = 0} TiP31, TIPI1A, TIP32, TIP32A - 0.3
IVeg = 60 Vde, ig = 0) TIP318, TIP3IC, TIP328, TIP32C| - 0.3
Collector Cutoff Current ices uAdc
{VeE = 40 Vde, VEg = 0) TIP31, TIPI2 - 200
(Vog = 60 Vde, Vgp = 0) TIP3TA, TIP32A - 200
{(Veg = 80 Vde, Vegg = 0) TIP318, TIP328 - 200
{Vcg = 100 Ve, Vgg =01 TIP31C, TIP32C - 200

Emitter Cutoff Current 13:Te] - 1.0 mAdc

(Vge = 5.0 Ve, Igc = 0)
ON CHARACTERISTICS (1)
OC Current Gain (133

{ig = 1.0 Ade, Vg = 4.0 Vde)

{Ig = 3.0 Ade, Vg = 4.0 Vde)
Collector-Emitter Saturation Voltage VeEisat) - 1.2 Vde

{lg = 3.0 Adc, Ig = 375 mAdc)
8ase-Emitter On Voltage Vgelon) - 1.8 Vvde

{ic = 3.0 Ade, Vg = 4.0 Vdc}
DYNAMIC CHARACTERISTICS
Current Gain — Bandwidth Product {2) fy 30 - MHz

(Ic = 500 mAde, Vcg = 10 Vde, fregq = 1 MHZ)
Smatl-Signat Current Gain theel v 20 - -

(ic = 0.5 Adc, Vgg = 10 Vde, f = 1 kHz)

25 -
10 50

{3) Puise Test: Puise Width < 300 s, Duty Cycle < 2.0%.

2) f7 = 1he!l® fres
FIGURE 1 — POWER DERATING
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FIGURE 2 — SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 — TURN-ON TIME
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TIP31, TIP31A, TIP31B, TIP31C, NPN, TIP32, TIP32A, TIP328B, TIP32C, PNP

v, TIME [ps)

i1}, TRANSIENT THERMAL RESISTANCE (NORMALIZED)

IC. COLLECTOR CURRENT (AMP}

FIGURE 4 - THERMAL RESPONSE
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1 Sy 5.0 ms X tr 3verage junction temperature and second breakdown.
20 i o~ \‘ Safe operating area curves indicate tg-Veg hmits of 1he transistor
[ ~ A that must be observed for rehable operation; ie.. the transistor
—— SECONGARY BREAKDOWN — N~ [ ] N Must not be subjected 10 greater dissipation than the curves indicate.
10! LIMITED @ 1)< 1509C ; —r - The cata of Figure 5 is based on T (k) * 150°C; T is vanable
== THERMAL LIMIT @ Tg = 25°C = depending on conditions. Second breakdown puise limits are vaiig
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TiP31, TIP31A, TIP31B, TIP31C, NPl\r, TiP32; TIP32A, TIP32B, TIP32C, PNP

FIGURE 8 ~ DC CURRENT GAIN
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FIGURE 12 — COLLECTOR CUT-OFF REGION
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FIGURE 9 - COLLECTOR SATURATION REGION

= 20 —rrr
g™ )= 25°C
o
o
2
w16
(T}
<
s
g 12 Ic=03A 1.0A 1.0A
« ¢ \
£
£ \
S 08
5 N
8
be \ i
g o A
o I~ N
o T
g LT
1.0 0 5.0 i0 20 50 100 200 500 1000

Ig, CASE CURRENT {mA)

FIGURE 11 — TEMPERATURE COEFFICIENTS

*28 T T T T T T [
“APPLIES FOR Ig/Ig ShFER 1
20T 1,--659C TO +1509€
Y I L)} ; [
y IR RN
g t—t— 11t
5 *8ve FOR VCE(an 1LA
+0.5]
LT
-a.
-1 / o
15 Zay
-158 =
20 Bys FOR veE L]
5

sl L
00030005 Q.01 007 005 03 0203 05 10 20 30
I, COLLECTOR CURRENT (AMP)
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