auanNonas 3 dlnuldluTasnoulniminod

3 PHASE INDUCTION MOTOR CONTROL
WITH MICROCONTROLLER
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3 Phase Induction Motor Control with Microcontroller
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Abstract :-

This project is education of 3 phase induction motor control and also make
all of master. We can divide it into three parts including convertor, invertor and
controller. For convertor, we use six EA.of SCR as the power driver. The DC
voltage output can be changed by vary the data of timer counter 8253 that controlled by
micro-controller. About invertor, we use IGBT for driver the power for more
advantage for example, high speed, low switching loss and we can reduce gate drive
circuit, for this case, we use only one of IC. This invertor can be operated in PWM
mode and output voltage frequency can be changed from zero upto 360 Hz. The last
one is the controller, the main component is the MCS51 micro-controller. We can
divide it into three parts including the controller for convertor, invertor and main
controller, for this case, all of them are linked.
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Three phase convertor

Avzannngl  Inmssiudssdazgnninlitiantzumdulusny phase
sequence tlflalanunulinimaefive ] Inlonfestinnrzum Iwaafusiven wie Funi
uncontrolled regti fired w3 uncontrolled converter iflgsnniaTlimmammunyuniniy

fiulnlonld uay

LV A xXa LYY
Q é ¢ + ng + 0~4 +
TelAT] l

(a)

71 3@ Convertor unz Waveform ue4 line to line voltage

*2l# output voltage maximum winfu supply Van, Vin uae Ven sngy fie Indmaedin
nazudeN phase sequence 121/ waveform ves line to line voltage #s31) 1o Vabiilwuein
maximumtsuan 4 wt = T0/2 uaz Indmmed Q1, Qs thnszuaesld

Vo = Vap vi w=me



Tunmenguivide Vap vlusoy maximum vide (Jenliidn Vg fifin uan
maximum Infmeed Q8 uaz Q4 tanssun self
Vo = -Vab = Voa V AWt = 3w e 2
nnaNaI e IR AT L A LRRLIRLERN
Avmonifluinueafioain
1 waveform 189 Vap, Veb Ue Vag fluandlugy 2.1a idwduisy
eneznaaldi g InteeifthnssumiuestnnazunlAiiviende waveform voq voltage

finnasenfaiusifigenii waveform ve98n 5 waveform fiinBe uazAin waveform fezlf

w30 ingme output LW waveform 1es Vo snfindramntlazivinitlu 1 cycle 189 AC
line szfinTzualnarulnantis 6 pulse 13mwnTa LSow Wveynd § iy 3@ converter

1Aifoqudl 2.2 a famumns 2.1 wansma S fougment® 1e3299393 s v Ieyad

T LR

Interval Actual Circuit Equivalent Circuit |- -_;l
Voliage Yoltage 1 1~ -o@F 7

Applied Thyristors Applied ~  Thyristog] . -

to Lond  Conducting 1o Load : Condu;tjr;‘g

7[3 <wt <23 U Qo Oun 0, .] L
nl<wi<n Ve 1.0, Usy ! 0:
7 <wl<4n[3 Upe 010, Uew | 0O
4n3 <wr < 54(3 Use 0 Q4 Oow i Q4
Sufl<wr<2x Uy Qu Qs O Qs
2w <wi<Tn|3 Ve Q5 Qs Opn Qs

379 2.1 LM T U AipUTEN i3I u v TNy e D
Waveform 189 29v7omsynd unmdlugl b daw phasor diagram veq

waveform flielsifun9vsels uazassouyed unnslugy 2.3 Kafud

V2 Vsin (wt - 30°) V I 3
V3

Van

Van = Vab = Va2Vsinwt V. o, 4
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URe
VBN =  V2Vsin(wt-TU3) V
VN = V2 Vsin (wt-2TU3) V
VON =  Y2Vsinwt-T) Ve 5
VEN = V2 Vsin(wt-47U/3) V
VEN = V2 Vsin(wt-5T0/3) V

INWITTENYRY WU Jodrdinyesunta (o) snfleudu Convertor
wuy im A lunsdfidunulnioeed daolalon fofu Qr susuvinnszuad wt = 7t/3 uay
Van 28w nnii8n 5 pluse Ainetnuanslu wave form & mu converter §ififl oo = 0 4
wt =T/3 uamdlugyl 2.4

HounSUNIANTININYDITTLINING 2.1 fnw oo fnvion uaz Tvnauddn
R-L 43 L fdlepseinaomanfiendy half wave rectifier uaznrsuafilfaziduuuy

discontinuous current fiszusialznfinie output, In s=lna 6 n¥s vdelfiiu 6 pulse u

o o

1 Cycle ¥84 ac source fiasiniflo 29v30perate w216 nazuomne output , lo Asdl

B 2N YINVES TR~ S 6
Z

UM 2.4 uonsgUaBudggIoe o, 1009 ] I9esTNYRd 31U 2.2, 1fe
converter iy controlled rectifier continuous current faufgy g MnInAn wYn
wanalviuanInNENNUEIZN I Vphase oegy 2.2

lnezunIuntaninneesisssanyntees 3 g Converter unadlviiinlugy 2.5
Tniguan oo iy o IBALAMINWIUTNUNGAAMUALAE M = Sin ( co+7T/3 ) LAZIBY
Lwndfio m=-1fanainemtignuiiseanidn 2 dan Taodn co = 1800 ivewa fio finszudls

WaswlUmaam s faszlfuamafagy 29



-~ - g e - - -~
3 i 43 3 3 3 3 13 3
1

1 o N e L s L M o
= — e e e ce s e ad . ——
Iy

i

! N | P W A PSS 7
z .
N
¢ 'y

]
x
~
> — .
x
> "
]

1 == (&
x
(=]
S

| :
z SRS R
£

..“ 34 - -— & — - -t = -d
. f
>

! . A e T A R 2D ]
:
< —
bl -]

e e ——— e e e e e ] g
N
[ —
-
: 1 — 4 ~ <

S [N [~} - D~ O~ O - O =
ﬂ > = D P L 5

7d 2.4



4 quadrant usnvesgy 2.5 uamstasnItnemfiidunnT rectifier vaslnis
wad 1fe Source Vo Funiaeu ﬁ’n"fﬂ'luqﬂﬂ 2.41719719n812 A9 LTMAIIN9M LuuRTILY
Wnnadsriaifios danlu quadrant 4 4 ve971 2.5 Source Ve anfInuglvan Sn1sfineu
InmsssnmoefAdululs Ao vids daussslnanitonsinufimunlviu Ac Source wisnda
snontefio Ty Mialouninufundu wazAndevinedy inverter sanlunTsLansof
1#an convertor Wiiuly Ac aauinedl Usennifines fie dausesivan Adeiundonusn
undeeiavan viendndntontifierisunssitn Ac uay De Ardinenienulyrusi
Resistance va¢lvan

muldn1Iinein WUy continuos current 13amnIanTwlAlandeing
quadrant i 41metnals snnTIg wave form Vo 917y 2.4 uradlvidindnysvisianzgn
WANTH WunTERY oo > T/2 Mattu Vo sznsimiludiay wufe A myunsiieneuy
continuous curent 1fie e > T/2 Fusznmoidu inverter (#auUfen Do uilu Ac) fiuft 1fie o
< o< 2 une Vo siiluuan ludauens resistance vodlunanssuiondasinens Ac
une Dc Source.

Iulvunnaiwiuy nssudlvalideifias (discontinuous current) 1w

quadrant i 4uanslugyl 2.6 waveformaas Vo gruenasntduseatudal

1. W\ = Vo Vifle Vo =o0 A 7
Van V. ifis Vo = VAo # 0© A 8

o
s
Il

Fariunndalwihfivsngnie output , Po Al

Po = 1feotd Vo lod (wt) W .o..9
Tcoo

unsdlfl Py Sivionndn o suvanofe suuimdssowdeude § supply
niotzuuidImdnlin  inverter e Po 8 unnndn o fis szuudn§aninemilu Convertor
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NRUNTRITITY 2.5 129189 o0 wxiuagiudt mutu vaefudu rectifier nds
converter 1nfl fi183 co azagIEning 00 &9 1207 dandhnainavely quadrant 4 4 Aves

co zaNNT 120° w30 v laimnduiIn converter tiuieg

fina9 Vo mnsamlfinnnT i eynsundod fad

Vo = VotX Cncos(nuwt-Qn) V. ... 10
' n-1
lymdifvnpd e
Vo = 3] o421 B 2 v sinut C(wt)
TC oo
=  3+V2Veose v
T

Output voltage eAnaANTun 6171 w0 n =6 mife miduituiwdn Fessilulidn &

dofiv09 LVEIT IR ULVIRIIINY

IINANANT 10

Ch = [an2+ bp2] 12 VX AAL...... 12
Lae
Qn = tan-'an rad Vo, 13
o
an = 8f+2n B Vo sin nwt cwt Voo 14
T oo + T/3
bh = 6] *+21 13 Vo cos nwt cut Voo, 15
T oo +7/3

fle n 9 12 18...
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Tugy 2.7 uany t@unIWes harmonic cpi2 v ifinuRuyy e daulugy
wiim9 curves 109 On \flnufuyn connvae Transformer leakage reactance fiflsin Voue
gnanas Tnogldenasntsf I Tuntsmenfiudu Per unit ves leakage reactance per phase

Havo sz AuEaNnluTz Ui Tedeainianaunts commutate #ie cycle.

fi1 voltage firnadenivanfiiin rms fie

VR [3]e=+2m B Vg2 c(wt)] /2

T oo+ T3

Jov[0.5 +3N3COs 20 12 V... 16
4m

waeA ripple voltage fie

VR [ ViR~ V2|12 N 17

®%An ripple factor fis

VR = Vri ' M. & 18
Vo

vineynTalucanifl 2.10 venliiamanudt i 0193zgnld IunIvanTeus
1 output 1AL intanns output danlng szAwanilAvin 29vTeynd Fagy 2.2 Faazdouas
qEnINNIIAINIIINI997939 wave form 194 line Vo line voltage wag nrtuadilvian unaslu
7V 29 seatnliInuAnuiugy 24928 iolnaluusazi v n’a‘aaﬁn‘lﬁﬂnmﬂo 21172
uiilnaly line A swfie line to line voltage U ngfilvan f6wiln Vap, Vac, Viba ¥138 Vea
mwWIaginsuzeanszudly line Alfisngd 2.9 munszucdn 2 iy AinBossAdnwme
\AaaiwApausiynse shift 1y 120° 1viniin

vnfindan Aoy fefiusingetdnfy oitentts Ausasliiiin
vvaenyad gy 22 WY devsanyadfiurieds esrenslugy 2.1 ervglfenaiig 2.1
\fe In3oumed wrinziave9reviauyad vnrzuaesliNed (AnaRadifisasin s Wad dauae
edlugy 21150 InSmmes tnssun sediools 2 Wad waziomIdygyronnfisiudiay

fananalugyl 2.4
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fdygrunininnganiag viawnAnly suiilinssuafine s dugud
LANTNARY T8N oo xflnadantzuanny output Aatiu Indmaed sdesgninliiAnnath
nrzue Fusulugy 29 Awt=mtiufle oo = 2m/3 vzufindn Vap Mfatudesfaniluay 6
dazann Vo IR ndugud i nsanasvnagu co A 27/3 iumainwindmaes Qs uae
Qt fantzu fausineuifiyaiunie wt =t wzAssflfyyrannmunninlynismed Honasda
Tnefl Q1w atuuas Qs widunarine yas uduuazyaneinevosiyycanndia seb
fnmmeadio 7 fufygimnnsssinesifingran fygrawnnimiuyamtiagagn uas il
nyzud output tlwegud wanaldlugy 2.0 TnaglAsndnfusionses iGt 69 iGs ludaudly
Vs dludaudlilfogluim /s <o<en/a lunfiflec il nimaosonysnuAoedn Ao dasy
Yufnrzualynena output

w39fin forword w3a reverse fiuliulnTmaes Suduegiuundainn uay
falnImmeiioefiszrinszualuymerin g usaiu Vaks lugd 2.1 Aeemlfnnasfeson

Tu299 i, iz ung is Aoina Insnednndslvs eels
Vaki = 0 Vs i1 0 A i) 19

(Hovmed iy Ivnog 9216 Vays =0 V uazan loop Q1,08, Vanuaz Vion 92lf

‘o o

ANNTNNUGAY
Vaki = Van - Vbn \VAR 20

71 phase voltage 819vlAsn n3g phasor diagram lugd 2.3 uay

WnHARine  aoluranTs 209216

¥2v sin (wt-30°) - ¥2vsin ( 1-150°)
V3 ¥3

vevsinwt  V ifisiz = 0 A . 21

Vaki

Il
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Tuaedl is Anfolvnel Vaks=0 uazald
Vaki = Van-Ven Voo 2

fartunngufl 22 wld

]

¥2v sin (wt-30°) - ¥2v sin (wt-90°)
V3 V3

Vaki

Yavsin (Wt-60°) V ifleis =0 A ...23

ONNTT Vakr Mormemna gnlglumaniguniu ve9 Vag lugy) 2.9 shuse 3o
vin wave form §ufl 1faRerand 3 oo tRauw)adly Argeqaves forword uny reverse

voltage fignis ¥y Infmnes fie
VAK(max) = 2V NI 4Lk .um.. ). 24

tRmtiumailndnneingatinnssudluizndnetaeves continuous

current e193zvlAsn 929389 wig fluandly wave form vos Vaki lugy 2.9 gasiasafignun
1AluR 7T 109 colsmdn thanns discontinue $udl co = 70/ oy 2.9 uanasmingnssion

. 11 /3 rad. Faglian wave form 189 Vak1 sy oo grifinl¥unnifinndn /s Faesiilv
Vaki finduuanfiwt = or warfidummgmslslumansfin wig 3mervazglfennnfy
189 oo 4T 7T radians fves wig senmsduguduasligtaam dmiuneiililnga
inaingatnIzun fmiuen oo § indenAuidunis short oot 19 Ac source iwinimaed
ey (Indmmedinnazud ) unsimunsotanlifl e = 180° Fourndlugyl 2.5 A masing

TENINI wig AU oo fio

wiq = 47C - oo 0 < o0 60° A 25

wtq = T - o0 60< o0 180° A ... 26
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1r3mngfurinsiatinnazus 2 Wad 9 n 6 Wad In 1 Ac cycle fattu AinTeumale vadinImend

fia

lQ = lo A 27
3
WREANTYLN rrs fio
la = IR A NN 28
V3

nrzunfilnaluudnzidondousas line luszndng 4 pulse 1n 6 pulse 4
Ysmngiulu 1 cycle fatiusn rms veanTzum line s1sszgnilszanaiia iluntzuafilvasen

{70 output veneuLag fie

2 = ¥2 Igr A
= ¥2 IR AN, .1 29
V3

Wlssnndwaassniuizuy 3 ilw et nvzue line sdliminsadsznauludie
har monic d#u 4 guel Sumannfis wave form vesnszundl Inasinwioutlas swhignuansy
nuIn fN¥aCATIes LI Aouuy wye n3e delta lunnsAanaainn rating seandioutlas (11

fTaif Serdowuy wye-wye #afl

I = N3 Vi,
¥2_VIR
= S1 VA . 30

o S fie AfmysIndioutinefls



nann11 Synchonize

l1n17 Synchonize i 1283 n AC line I/ P gnrieiiiu opto isolator 1o
"nn3 isolate fgygm AC uas DC senv ity Ngygrafiléien opto isolator selfi fiudg o
Digital ( fiefiszfiu logic "o" waz s2#u logic ™") fiuilu pulse (a1 gn Fassiinlueulvify
#aufi3undn one shot n3s monostable multivibrator ( AuNfves mono stable
multivibrator s£lfndlnesziBondely ) (Retinondygymees pulse assdaufii3onda rise
time une fall time x1n7T dededt LResrsinlifinnns interupt microprocessor lvivnang
Sy I™ 19 rise time une fall time TunsdluInmayfsdng pulse iisnymed pulse A
Foleduanszdiu "o" afifu one shot sxgnarzAulnadiyyin anvuan Hlwe one shot i
Muldggmfiduszdu logic "" wie high dsingnie O/ P 189 one shot fgygaseiy
logic "1" §] sz udygnafss il fiduiyym interupt viur microprocesson usezsinty
interupt Tnoasauaslails uflosenan interupt 189 microprocessor AIENN mes 51§ oo
1A active low siunnnefie Suszdesldfudygrmfiduizdu logic "o" fuTsmunsaninemls
FaiuTadioatindygiaisnn output ¥89 one shot 1alkiam inverter w3e not gate \furioy nis
sintinden i Tuiy g interupt Tunsdifl (e interupt 109 microprocessor 1#¥udty
YIMLE" F9 microprocessor wvxqn’?m'nnwnTﬂiunwﬁﬁuﬁwﬁ’oﬁworjﬁuﬂ RN RIRT
wnINYeInT interupt wnu Felilsunsy vosnns interupt widuntseudeys thnnlud
microprocessor lan microprocessor sxgudoyn sn parallel port Badoyn vie fyymd
parallel port f fifiefyga iu137n 0/ p 183 one shot ios tesudnauds (Foyafiem
wianssiduszdi logic "o" w3e 1" Ald Tuagiy programme) seluvinansussanans was
sosentumy parallel port iiudn (s port fizidn out port) tResinluewlyiruasesiuAn
(gate drive) #aldlumsairafygroufoninis on wne off gto $291981389n3 interupt € s
utaamndi s iy Aegaaiamn rise time 109 pulse nissntasasfluudremiin
129389 stteady state time v89 pulse 4 Ky Ailfisn one shot seannailuTzdiu logic

"o" 1w "1* 1 un1s®uganns interupt ve9 microprocessor fiufie yawwl microprocessor



safunnlysunsy interupt lUvnamisldsunnmiemfaAndeudiszumlusuny intrupt
wnIziataam steady state time ugans wzduilugaaand pulse umnag vl fall
time 2912811 one shot szgnnazAudn urnefl one shot szgnnIzduuuy anay vievey
1189189 pulse AIu one shot selv output senuBanfands (Hedinly interupt
microprocessor unes18\¥ parallel port 8n 1fa microprocessor gn interupt 8n Junszeen
110 program ninunialusunsy interupt 8ants (esuiygman parallel port Hinluise
waane IfIudygam eansn parallel port fevlusglvfuaessiuinndn fasastlums
intrupt n¥ef Arzidutaaianndy o Liu (Asadiunns interupt afusn viaean interupt uga
microprocessor Asznduluinuislisunsundneiafindn sundieefinng interupt 8nafs
Ansrantienuadwaudi duflsaniT synchronize wuy iwmAee weilus
maliRe%4 ) w2fies synchoronize 114 3 1 A8n13R LAagA one shot uay opto isolator
TunBn 2 gn fio imnzgatines % output 189 one shot Yamuea scgneiondn and gate
¥ln 3 input LAatinnT or Aygam e SAFgY mndsle idonfadwn Aesdiyy o
output senly tfetnlilfin fygae interupt Iviur microprocessor lunnadiifiess o 12
#ioalalyi input vos or gate 3 input Sy gImnTIRTNIANTT | input (w112 Tuaawund In
3 szvinafuegiens 120 sl Fasdndganm pulse filéisn opto isolator usineiesie

soonwlinsontulnusnluda
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1IN0 aTined

mnTaiieniiininly Mode e ldlnodne (fsaueitgouuinegunTs
uazlsunsumunarinin ludausesgunaal Power Switch Amusauentslimunany

iz TenziBansiae o flfsin Block Daigram

~~ -
c81
11
s1 %
A g —— . .
" ! l |
' =R9 \°sz 63 )§S4 a_l_s‘l_ ;;57
u ( AN P
 a ___3§s3 E}_"_{ss l?j____);ss
_ SAmnE
: a1
10 MasTE INVERTOR :; 82
CONTROL < > CONTROL |!
. __|_____> . 87
a
Mode CB1 CB2
Const. | OFF OFF
Const. V ON ON
Const. V &1 OFF ON

Normal | Over current
SW7 ON OFF

U1 a) widsesduneiines
b) umasnIUuAsluanITInIMYeIBuesIAeT

C) unmIaIuzIes SWr failu Over Current limit Switch
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n11e§19 39 PWM Tnell§ Microcontroler

winlunIaiedygm 3 @ PwM selifygragdamniondfnntdunndn
g Mg (Sampling) wiefugede welddygnmesniarizlurus Ausefindne
SaflsnnnndmIsivinfuussiusesdygngy fnwacdfygrasiduddilses Aeninnia

wiawrinAufieen | (High) dviesndnfioon o (Low) maqUfiuaneinesed]

v
tr Veontrol, A Veontrel, 8 Veontred, €

AL
NaaLies

Vaa ™ Vuy — VaN

==~ 7
T

A

Ts-

Dg_
F]

)

U +1 39 Inverter a) uaaniraindygnea PWM, b) 2eminds
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aaunnianlulasneulnianesdasclifinndon

o
o

fifmnn wezfnndefioldge i

tiw (phase shift) Inafingan 1A salfisn Block Diagram
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71 42 fnwoaiznT Sampling PWM wuu Digital
NI

Fygm SINE Pattern szgauiiuldln. ROM SanuasiBon 8 bit peak to peak
Fatiuyananefifie 7FH Aifle sin 0° =7 FH sin s0° = FFH uaz sin 270" = ggH daudgygo
Sampling v2faanfiutiues Counter mtluyas MCSst 84 Program Winanslyu Mode 2
Auto Reload fiaifaviutiss FFH szifin Over Flow uazfszfafulvisiggraudntiuen oo
Trodaluda sududdlumatutionfioinsalisunsdlisuiu witdelvirulfdaudandgnts
g9 1R launsnlitusn ged 89 FFH dosmaifinsnasfisnmfinefifaiuesilil iy
gufildsin Counter luinwae Saw Tooth (Hufen) Fefnuiuudoud CLK filouly
Counter ny3n \§enlfisn Sampling Signal CLK Select uilunyafndggyim ALE 189
MCSs1 snvsndlvilfnansiweinine dilfaand OSC ves MCSs1 12 MHz seldifygo
ALEfauivindu 1 MHz fatudinfggsdiniiinis Count selfianundrovesansd

fiafl

1 X 25
1 MHz

Tsampling

I

256 LS



v & f .
PIUU  Tsampling = 1
256 LS

3.906 KHz

» v_ v

Awta.e06 KHz didunmigegaficsnsainle ddiesminnutifunniitise

fisslE Counter mbnen usetinenanel OSC wlfaae Aselinutgegnie

fsarrpling (max) = 1
Tsampling
= 1/.1x 256
fosC
th oscfl 12 MHz
fsarrpling (max) = 1/_1 X 256
12 MHz
s 46.875 K

Al 46875 K HZ £ lun19 Power Electronics Tastanazluam Inveter
unrnddgennn faiilunalfofssiniennaall osc iwnssuldanuddimnzem- - .

miIxiegy sina g swenfisguuuy (Pattern) sine Aiivldln ROM ludy
yroudefinen FaeniAuliifins sine idmdAine dauniseds 32 sine srenfunIsTHAN

(ugas 5 nuiuly Tnofindnnnsdafd

A t = 0 Phase sequence A-->b --> ¢

Va = Vg sin o
Vb = Vg sin 240°

Ve = Vg sin 120



i phase sequence 1w A—>b—>c

Va = Vg sin o
Vb = Vg sin 240°
Ve = V3 sin 120°

IWluTnrnoulntasesazinnideynluusazinon Latch 194 Data latch
voueri1s 1) Ay Block Diagram a'seléf Output wesiis 3 @ 31 Latch 134 D latch fe
yoanavzegaund1ezdns  STROBE niwisld affsgraaalunts STOBE flazdnauin
fiyrisninsumuesna 1wl vesqUnTal Power Switch Tua9sifinds Aaiuasdos¥niaaiv
NNz n3esliaess pulse shaper nssarisudalilvi Gate Drive Curcuit

nnuinnafindnineziniadyy s Sampling widviwdosunudendy
JUmmnien  duadesntaglaunBonszdessenuuuasss Counter aoven Rolvm
wrntutivedld (Counter aplu MVSst Sufulfioinanfion) favdulsevidnsaedinaug

BINWONNATT FIuamId1asnefl

g 8
SYSTEM BUS | COUNT // //
LN
« 7! poun
X1
LTI
8 8
COUN //
> up 22
LIntT :
':)____. up COUNTER
».
] — 0 Trrur
u
.
CLOCK D___ DOUN
Fosc.] | cux '
OR Iy LOAD _
ALE PISELECT > .
5| CLEAR
L ad
A .
Lag
SliNITIAL - g BIT U/D
? PICONTRO COUNTER
vaLug -
8 |
4
7/

U 442997 Counter nuvendamwniaiviua Up unz Down Limit L&



nITNIMYeseYIRe WanTnezinmaiduilunny. Fernfudonlg
u29919&n (Block Diagram anisine PWM) fle 7 FH uaziviun UP/ Down limit #aezdn
fimnauiuuasiuasses Counter finfgyfessdns Clear RSF/ F sinsindefioainvuns
Count up limit v34 7 fyg 1w Clear Tnon®ezlily +18lunidifdiaants Reset Counter
\Hedgyg il Active azinlv Output TnennsTusunsasan MCSst fudlududn Counter 15
Auinam (start) matnamszidueuy Free Running nvanganisfinudansfifosueisl
$18 CLK Tiuriniiu

FEH
Coonrop
waz= 0.

VEY ' JI tll’
COUNT It \v(( ‘15\[‘{ v

Limgr
T QQH

— 7 N
7Y 45 nnInuees Programable Up / Down Counter

etz mNTad s n L e e fes

T = tclk x {(zFH- Count down limit) + (Count up limit - Count down limit)
+ (Count up limit - 7FH)

wneg  ferly { - } Iiutsadugméy (Decimal)

1feti1 Counter fllifl¥3an/ 0 29135519 3 @ pwmanagy Block Diagram s
AlvinanIoAsaszAulunsgudouiu Sine g1989lAidezliilu Over Modutation vi3e
Linear Modutation vi3efinwualyi 3 g Invert fiwmlu Mode square 1# Tnuns Set Counter
15 7 FH anen (Lsifinaiiu) Asdldqdndu Output uilndnmmeagwsivdosmmnas (Square

Pulse) A
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LM
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FFH“ / \ )
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tcm P -
. OuTPUT
[+ 38

U 46 mamamlu Mode fing  a, Over Modutation
b, Square Wave
vinfindnfonunleinluunsnnugudinansmudseinlildsn oy
7Undufifisdisrnmdfiinn LifnnfendmAnen nmavnesludineasd9des fo
- lgunsoinamtnaadon o
- TalusunTuandsBaunzaaudlumagulinieen
- fuBesandid
- T0fgn Amuas manie pwm o Tdsunsuaonwdd
(Hefided Ty fio AwnzBoaluiygyImOn fn Ao 8 bit trivfiu Hnlvireulunsutou
(Roudyy iAo 2 fio 256 seAU peak to peak veafyg MBI lvifnnasBanda 61
fiosnanuaziBoaninndnf sedesiulgsbiiduuuy 16 bit fesclfreduesnanunziBon
goun IusmsiAsaiuddeafoslfioAuTy inmedsafugUnsalfwdumoari Tus
wnannugNidudoniv vissndeadiouianenlniainedidueuy 16 bitlihas iwizind

aoulnIaess 8 bit Sans-line



unfl s

TeyunugNNawnafindoath

ufifing1nels nqufiisafiunainefintoatimun sazmsaaununaia
seunanefindoatilulzsnugammnindaninn wwlfveimefintoatndwadssdiudndants
#x InnawnzTaimeduuunsanszaon (Squirrel cage) FafinmaniAdaBonlazaniof uduss
nunn famifondn Hmfgungfge dgnufisaduudssdmalug ddsensl
nnenanes wasfimfuriiudsnadaniifituoined

Thnaevvesnaiaedindoainnizunady Ysznousiaodauagdeniomaned
(Stator) unzsaunyunislained (Rotor) asfinausesnstaafinfisasinsiwsvannsifsy
NRIHINUEIT e ATleulviy mamed ianmnsoavndainlyitainedvalvia
mivynin TnofisanansesmaaefizimihAniamnuuiindnAginsdful wsesene
(air gap) sxninmmaeiuazlamed wozmnuwindniznyudoa i dlasiedoduly

ANANRUNUE FrosnaTd 5.1

Ng =\ 20 fg=® S 7] CH BJJ ... 5.1
P
Toofl Ns - R Pl T AL pRvts
f . anfifunmaneslitu (Hz)

p - Fmnia (pole) vossnnaInmaLned
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fapnagssnmmnioavimidantsuainelulanse? fafnnudidsanuiuunsssoldouedls
woidnnuiazey Nrila q Afaauenienanuia Ns wiamanfissinfuuulnaed

wazhliifinnein anauandrsiniussosnIannsdiiondt ahuvienitive (Slip,S)

i}
£

Tnofits - A wdiBoynunamened

(Stator angular frequency)

Wy - anwfisayumaldihsedlaeed
(Rotor angular frequenc)

Wr - anudisandy (Sip angular frequency)

nanmsfl 5.1 use 5.2 wlfrnnmInnusvesnainaisf

Nr = (1-s). (1201 ) mpm e 53
p
Vinrumsfl 53 mInauguasesNsimeiiAlasnIAIUANAINNELE
undsialn (f) Swamdseseaned (p) uaesduodlaiaes 3BnInaunNfinansandignfs
nInainuanNEsesnses ol Tnoliduaefines inszezinlvimInaugudnirdecties
iz@nd anzsaneinsTgirmsnrug NN 9sINoIAsT M paTin A3nnsaaunulaunng
wWisuinuuiasessanaasiwaununmuiounrinidllugsuauuasnisaugy a2l
siouflaafioitwisnsfiadlffuneineifioenuunlilufems dawiBmansunlneninadoudn

sRuUdusz i lviveino UssRnBaindng iwnzdlizinBannassneined s Tusgiundyl



5.1 AENTTAILANANS IToUI0INBImeTIN It

mMTAuANANIT TouTaNaIneTIndaatin Aldna1edsFemnnTanen
nvInuANIAR

5.1.1 mInaunulavinssmanes (Stator voltage control)

aImuRNAHTAIssNeaed Inntinaugulariassesmaneifisienauiag
naungulfazunuliimneaniuswfdesnanedatudugeiviuninanudniusening
nefa-aNIa weenaimeinfisahaldennitnrnugaladninssessnanmanoduanalfid

U4 5.1

[¢——— Spoeed corntrol range--ﬁ

1.0 r

I0C= stator

Torque (5 .og voltlage
T, -
— pu

TOL‘.

0.50

0.25

A 5.1 nndaRANRRSTENIS nefa-asa vesnamesintinatinualven

suindmeinesilfonldmnlidninsddolvifusnmanesvosnoinas wos
LEunTnaia-nIesinanlugud 5.1 Susudsinlnonsefuaamianadares Fatue
maTadiunnuisesnaneild lnonsdiuldnasfidowdwenes tioliyadnrzning

\EHnTINNeTA-ANTIsINBIRaTANULERNTINNe T A-A NS A el vanfinan T ande



wdfiosnts nImuguanIsssameintuinlnasnnugnldninsssssanoid sz

#3nnuguuuureeslwlai (Phase control) fauamslugud 52
Al

0

3-PHASE
LI
AC SUPPLY ”

- -

A
|“ ~
—

.

¥
4

71U 5.2 urn9299TAnNS 3 Imafinuasnsulnsau LA URIHE

Bnmaugnaziilddsuezsrniugufinagn wisedussdndawda
asnusiisndvasidanggilulnasisesunieed wxiAnduawaedy wenantng
WnTusesnzudlumanafifonfui AndunlvinndguRolumanadi Aududag (Wweely
UrzdnBawsesneianeneiaassnniasanizdnuiatevdn g iesnnueineidoai
ufiindgeinfatinnsuguuuuidadiduns biAnoilutadutsluedlasiuaslui
woimed MililnsgyieAsdusnuasinlvintefunameivasssuuannnuamia

YOINOLADT

512 mInuanafiiwaed (Slip Power)
nMInLANAINT e uRRTuNalaeT TnuniTaaunurAdeeslainediunen
vninlasmInugussinteunds el iud snseildlnonnunguindilnnesves
Businfunoino FeazlAnnannsfouanonnuiuiuszznineiniooen (Pmech) Lasindegy

elulained (Po) fuindaficorinuanaaneillfistaned (air-gap power,Pg) fatln

Pmech = (+8).Pg 5.4
PC = SPg ......... 5.5
Pe = S 5.6

Pmech . 1-§
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‘awnﬂunﬁmmﬂ"w.ﬁWhﬁ'mmmmuqué’mﬁd’zm:ndwoﬁwﬁﬁqmuﬁu'lu‘[ﬂﬂaf funss
sanvasnaLneTficmTanuguadLseslnaeild i lunmdlsesdufindunainaiunsnaanin
(Wound rotor induciton) aaunus8tlyeslained TaemIwdritzesnnudwmnfidaida
Auaserseslaimeinirnauguand a8 Saudeeninlide 0 uiszfedoluudszans
amsestzuy Tamawsfinnuiadin q wieficdudge 5 Aveziinldsndirves Rotor Power

Ratio FaiusnTcanyestingieen (Pmech) fiufndadnuaslained (Po) amumuniifi 57

Rotor Power Ratio = Pmech = 18 s 57
Pg

513  piIasugusasmTwisuussfuuasang (Variable Voltage Variable

frequency)nio VWF
wafafidudiindud wesidwnadafinunzanfgainiunduniouns
wafindsatndeecliduefineifuingon (Asfiacldussfuunzauiduorriyniduly

mufidiesnTzesninnisaaunuA I TIaLTBINaIAeT winalugUf 53

COHSTANT TORQUE - COMETANT FONWER

=— (RATED ) ———>1<——— (RATED) ——’1

1.e ;

/ TCROUE CURYVE
PoepY

ARMATURE CURRENT
{RATED)

YOLTACE
Lpu)

YOLTAGE
CURVYE

A P i
] i.e 2.8

I l FREQUENCY (pu) ) ’

STATOR RESJISTANCE
COMFENSATION

7Uf 53 wamenmiRonudaszesuseii., nain nizunmemeiiuadINg

sfinuaineifiliwdsafinuenia slip AMdssmdunmfndss@ndamuazanudneaneisy
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\Hei1ousein Vaa ludnsazwosiaesalusn (forward bias) fie welunléty
uwrsinuanifelfouiualngs unslifinszuman (1G) A dusediuvios ) wwliRoontzusda
1nn (leakage current) i@saanslasinar Lot AnuTefu Vaa NanTuandausoiunds
nunAiunediaein (forward breakover voltage-Veo) wazfinrsualvaiiunrsumsiig
(Latching current-LL) tonoriszaglunmazyingsue (conduction) fiswTafufinianue
Tun unzalninvesenderiszancagussin Forward voltage drop-VE fnvssanm o7-
4 Tadn nzuafilvsdmens8oriazirindy Vaa-VE BL dnssuafilnaiinifiufin
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1. painbilendaringatinTzualnounderinoliiduntzuaedy §agunduia
Line commutation w3a Natural commutation fisumnassialwfnTzuaaduwsesiulnia
wwannageud wasfunafulninduferms  feendunrietieinlumuiiosteily
mq nds ueenszuafilnodmanBondazancadeud Feduduaninimnda tum-off-
time (tq vi3e toff) rieuflszinsusemulwiwaditeinBnaTonts daduisnrinliions
ovivgaTnnazuslunmySoulninssuseduudniWinszuassy (converters) uaznis
WisnurafulWihnszuaniulnomnun s

2. nmmiiasdevingatinnzualnems inlnanlvivanzay (Load commutation)
TlnassnenutedulWihnrzuamss Tna38nIsouiled (Choppers) uazasvsiugoulv
AnreuansadulWinszuandy (Inverters) flo (faandaitinrsumzidunsaingl
vudlven Galsznoufianfanamdiuny , Bufawees , Asiaed s73umA (onsz
uxflnarinwenderiandmnszuadaiilwaaisiunia turn-off-time szfalviangend
nyatnIzudle

3. fImbieaderimgatinseualaodfnisfefiu (Forced commutation) 1w
armbvinTzusivsansagmuidalaomlsdlinrzumdasnnnenyssqgvesmigines
iaideinludndalizyluanhdimeslviudianges

Turn-off-time ¥a3inng017

Tunr-off time (g e toff ) seaenfend (iluszzdaudnaiilvinszuailve
ivonGorsinadonndy udafoundugeud (1'{':01.1mL0«'5017'n&’uﬁmmflwﬂﬁﬁum"\
reverse recoverry time -t Waaanifimnnsosioussiueiinludadinnds Tnoling
Tendorivinnszuanduls

Turn-off-time 1iusafivantilu data sheet Tnufifofnunizesqung Qe
juction, I, dlg/dt VRuax dv/dt fasufiuaadludade "switching states” vo9
data sheet Ip=10A,T) =125°¢c, diR/dt =% A//Jsec'dv/dt =20V/ .

sedlinearto.s VFB tOFF = 60 msec  davwnoanwindaanirenfienderise



wyatinTzud  (turn-off) nzuafilneriwengerilunadiaein (1) sehosliin 150

A gaannf junction TliiAn 125 °c wazdinrnianadsesnizuanediiasndaslivioondn
20 A/ sec udaanBaniiinsmaizngatinduanuiudn 6o usec Taduinoutefiuned
LeidnnTeiapdarnmAnNALiAY 20 V/asec TnoiAntuedwraifios (linear) gusa
#u 0.8 VDRM (VFB = Forward breaksown voltage) \fefifindulannn-indiafiing

turn - off time wnAd1 60 usec uazruEAIlinE A T ulnaTy
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time ()
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fatimanifisziiliienBadngavinnTzun (Commutation circuit) 1z
fiasinwganmuasisndatduiaaiuiunga tumn - off time vodsafond

wondoriszutaiu 2 vin angmanlRyes turn - off time fis phase
contro SCR'S #39 turn off time 7emine  s0-250 msec Falfluasenigonivinge
weeduIuinihaszunm s wazasenifowsziunsedul i nTsuaedy Tnaninaugy
W use Fast switching SCR'S w3a 3undn Inverter SCR'S #48  turn-off time
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fviuendanifid tumn-offtime = 6 usecmunsalfluaset phase

control Saflunsesrolnnrzunafufidantgegn fmax) = 120x 16° =833 Hz.

nirtAn1af 1 uLTIA NN e o0 E 80T

Indrinvesenfordogluinantes uzefun nozuay AdaN quinafly  dv/ dt,
di/ dt waziamlumisliianderitinszumuaeganizus Faszidugaaniifvesonderid
grlnunztinld mmdenlfdssindtintosureiuuasmsurgegauns invesonders
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#afl 1 dunsurnefirmiavdenanazeng 5 fle

D = hitnrurraliYudedinein
= = waidn (Forward)
R = 31aoin (Reverse)
T = ﬂﬂm:uﬂ (on-state)

subscripts #24f 2 unadadnfinlugaazeng o fla

W = fianizaglurniazan subscripts #a 1
R = mmfAndudf (Repetitive)
S = lilangudn g (Non-repetitive)

subscripts #2fi 3 ({udn®T Musnssngagn
usatiuInFhnzusedy 1n9ndeezd transient tAndu fauandlugy 2.11 1w
anannflsswuiiv transient Tuessadladlny iwinz transient IfAnguluwamfuunn 5

Infrinvesusaiulnifschivnliiamdanitnrsunlnoliffygamnines  szumnely
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VDWMURE VRWM =  usidiunidiudediin u.n:‘imn‘:‘qoqnvaoﬁﬂn‘ohn‘lﬂm:
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21341 Working Peak off-state and reverse-voltage

VOMRUSZ VRRM = u3dfiu transient Slaiiinfinnuansfinuesidn uaziioeis

Windngn 5 Tunn 7 TnAneesundaing Infhnrsumedu
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Yimangeorivnnssud Inohififygrandnined woaBenids
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TRIGER ANGLE (DEGREE)| 9 18 36 72 100 135
DATAFOR 8253 05COH 0B8OH -| 1700H 2E00H 3500H 4500H
Vin rms Vo (DC)

50 18 17.5 17.2 13.2 | 10.36 | 3.25
80 326 | 32 30.7 18.4.| 13.5 3.7
100 42.8 42.3 39 21.9 | 156 3.8
120 53 52.4 47.4 | 255 | 17.9 3.96
150 67.8 66.9 59 30.6 | 21.1 4.2
160 72.7 71.8 63.5 32.4 | 222 4.25
170 78.2 | 76.8 67.3 | 843 | 232 4.35
180 83 81.3 71.1 35.9 | 24.2 4.5
190 87.5 85.5 7407 W0 B7 AW 25.2 4.65
200 92.4 | 907 7421 391 | 262 4.75
210 97.2 | 95.4 82 40.6 | 27.4 4.85
220 102.4 | 99.8 87.5 | 42.4| 285 495
MINA  uansdeyayes Half wave regtifire without filter
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\Jof Vin 929 cycle uanidwn Tht Ay Ths szinTzua wazids Vin

f9audNn Th2 Ay Tha szvinatzua A 1o Vinuduuan Tht Ay The ezdag

gnninlvitnnTzuawion o Au swAeadu Thadu Tha Tugae Vinay wenimanes A

wanaluaTe U adygmeng ) wamdlugy

TRIGGER ANGLE (DEGREE| 9 18 36 54 72 90 108 126 144
DATA FOR 8253 009AH | 0800H | OSFFH | 1200H | 1900H | 2000H | 28AAH | 30FFH | 38FFH
Vin rms Vo (DC)
100 82 77 733 | 626 | 534 42 26.6 | 13.9 4.9
150 128 122 | 1186 | 103.8 | 882 70 473\ 2658 | 113
160 136 130 | 126.8 | 111.5 | 934 75 505 1293 | 127
170 146 139 | 136.1 | 118.1 | 100.1 81 56.6 | 321 | 13.9
180 156 148 | 1452 | 1275 | 108.4. | o1 60.1 345 | 15.4
190 166 157 | 1545 | 135.8 | 1141 | 956 | 652 | 371 | 16.9
200 175 1668 163 143 | 120.3 | 101.2 | ‘68.1 40 18.1
210 183 175 171 | 1515 126.3 | 106.4 | 223 | 4258 | 19.7
220 193 185 |,180.1 | 1583 | 1882V | 4108 | 777 | 452 | 21.2
A wfl wanedeyn 1 phase full bridge rectifire without filter
NANITINARDY
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g output 939 7 flazilihdgainniagd fuedosnaonspmind Aususiunlgon

. feyafidenlvifulniiinedfinniined e2s3 Fowsilvidfygam output wes s2s3 wazdy
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Trigger angle (Degree) 36° g0° 126° 153°

Data for 8255 00100H | 20000H 3200H

Vin rms Vo DC
100 1209 1206 74 32
150 185 185 128 74.8
160 200 200 143 85.5
170 217 215 159 96
180 231 230 174 107
180 245 244 . 188 118
200 260 258 203 129
210 275 273 219 139
220 290 287 232 150

FNTNLNAY HENTTNAREY 1 phase full bridge with filter
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Preliminary Data Sheet No. PD-6.019

INTERNATIONAL RECTIFIER | JC3R

HIGH VOLTAGE THREE-PHASE IF!E‘ISO
MOS GATE DRIVER '

General Description Features

The IR2130 is a high voltage driver for MOS-gated pé;wer ~ R High voltage (600V) operation
devices. It has three high side and three low side & Output driver designed to drive MOS-gated power

referenced gate drive channels. The device can be used devices
to drive six N-channel MOSFETs or IGBTs in a three-phase — Qutput drive of 250mA/SCOmA typical sourcefsink
bridge configuration operating from DC bus voltages up ~— Switching time of 75/35ns typical ttf into
to 600 volts, 1000pF load

The logic inputs are compatible with SV CMOS OR M Independent half bridge drivers
LSTTL. The output driver features a high pulse current — Three floating high voltage drivers
buffer stage designed for minimum driver cross- — Three ground referenced drivers
conduction. A ground referenced operational amplifier R Floating supply designed for bootstrap operation
provides an analog feedback of bridge current via an — Operating offset range from -5 to +600V
external current sense resistor. A current trip function which — dVidt immunity rated at +/~50V/ins
terminates all six outputs is also derived from this resistor. ~ Quiescent power dissipation of 30mW at 15V
An open drain FAULT signal is provided to indicate that | Over-current shut down turns off all six drive outputs
an over- current or undervoltage shutdown has occurred. — Trip peint at 485mV with 100mV hysteresis
A built-in 2us deadtime prevents overiap current — Leading edge blanking time of 400ns typ
conduction in the power switches. B Current amplifier provides linear voltage proportional

to bridge current.
i . Input logic provides 2us deadtime between high
Applications side and low side

— 250ns min input filter for noise immunity

B PWM AC motor drives B Fault pin indicates over-current shut down and
W Six-step AC motor drives undervoltage lockout | .
. j N Propagation delay time of 630ns/400ns typical tonfoft
W Brushless DC motor drives M Wide gate drive supply range from 10 to 20V-
m UPS W Under-voltage lockout (8.65V typ) with hysteresis for
B High Power Ballast WD ’
Typical Connection Pinout Assignment
Ve N e S
wxg <t EE EVSI
2= > ] HINIE 27 JHOY
' : = (3] 25 vs
= ! = ETH FL
. w5 ] 2] ve
H —o {3 o 23 | Ho2
: e w7 o 77 | vs2
A BT i) N NG
oL T =
e 9 - [ 20 jvas
oo (] (5]
S T@ o (] e
— vss (2] : 17 INC
} ‘.Isl:J‘Ll 16 jL0? .
. 203 2] 15J102
o
For mechanical specifications see back page




IR2130
Absolute Maximum Ratings

Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur.
All voltage parameters are absolute voltages referenced to VSS unless specified otherwise.

The Thermal Resistance and Power Dissipation ratings are measured under board mounted and still
air conditions.

Symbol Parameter Min Max Units
-~ VB1.23 Floating Supply Absolute Voltages Vs1,23-05 Vg1,223+20
Vs1.23 Floating Supply Offset Voltages Vgo-5 Vg +600
VHO1.23 High Side Output Voltages V§1,23-05 VB1,23+05
Vece Fixed Supply Voltage -05 20
Vso Low Side Driver Retumn -5 _ Veg+05 v
Vo123 Low Side Qutput Voltages Vgo-05 Voo +05
ViN .~ Logic Input Voltages (HIN=-, LIN-, ITRIPY -05 Vee +05 _
Vea- Amplifier Inverting Input Voltage 05 Ve +05
veao Amplilier Output Voitage =05 Voo +05
VEU- Fault Output Voltage -05 Vg +0S
~ dvgiat Allowable Offsel Suppy Voltage Transient —_ 50 Vins
Pp Package Power Dissipation @ TA <= 25°C .- 15 w
RinJA Thermal Resistance, Junction to Ambient - 70 cw
T Junction Temperature -55 150
Te Storage Temperature -55 150 o]
TL Lead Temperature (soldering, 10 seconds) - 300

Recommended Operating Conditions

Refer to the Input/Output Logic Timing diagram. For proper operation the device should be used within the
recommended conditions.

The Vgp,1,2,3 offset ratings are tested with all supplies biased at 15V difterential.

Symbol . Parameter Min Max Units
VB1.23 - Floating Supply Voltages Vg1,23+10 Vgy,23+20

Vs1,23 Foating Supply Offset Voltages Vso-5 Vgg +600

VHO1,23 High Side Output Voltages . Vsi23 VB1.23

Vee Fixed Supply Voltage 10 20

Vso Low Side Drive Return -5 5 v
ViLo1,23 Low Side Output Voitages Vso Vee

VIN Logic Input Voltages (HIN-, LIN-, ITRIP) Vgs 5

VCA- Amplifier Inverting input Voltage Vss 5

Veao Amplifier Quiput Voitage Vgs 5

\'/FLT— Fauit Output Voltage Vgs vee




AN-985

The IR2130: A Six-Outpuf, High Voltage
MOS Gate Driver

(HEXFET is a trademark of International Rectifier)

By Peter Wood

lntroductfon

MOS-gated devices are becoming increasingly popular for 3) A floating output so that high side switches can

use as high power switches in motor drives, UPS and be driven.

converters operating at dc bus voltages up to 600Vdc.

These power switches may be MOSFETS, IGBTs or MCTs, In addition to the above requirements the actual driver

but all of them require voltage drive in order to achicve should be capable of driving combinations of devices in

a saturated ““ON’’ state condition. The drive signal must both low-side and high-side switch configurations. With

have the following characteristics: this in mind the driver should also provide the following:
1) An amplitude of 10V to I5V. 1) Low internal power loss at high switching frequency

and maximum offset voltage:

2) A low source resistance for rapid charge and
discharge of the gate capacitance. 2) Accept ground referenced logic level input signals.
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“Figure 1. Functional block diagram of the 1R2130.




3) Protect the power switch from damage by clamping
the gate signal to ¢he low state in the event of gate
undervoltage or overvoltage or if the load current exceeds
a predetermined peak value.

" Traditionally the functions described above have required
discrete circuits of some complexity but [nternational

Rectifier’s IR2130 six-channel gate driver performs all the -

requirements for interfacing logic level control circuits to
high power MOS-gated devices in high-side/low-side
.witch configurations using up to six devices.

1. IR2130 Block Diagram

As shown in Figure 1 the [R2130 consists of six output
drivers whici receive their inputs from the three input
signal generator blocks each providing two outputs. The
three low-side output drivers are driven directly from the
signal generators L1, L2 and L3 but the high-side drive
signals H1, H2 and H3 must be level shifted before being
applied to the high-side output drivers.

An undervoltage detector circuit monitoring the Vec
level provides an input to inhibit the six outputs of the
signal generator circuits. In addition, there are individual
-:ndervoltage lockout circuits for the high-side outputs

would any of the floating bias supplies fall below a
. cedetermined level. i

The [ygip signal which can be derived from a current
sensor in the main power circuit of the equipment (current
transformer, viewing resistor, etc.) is compared with a
0.5-volt reference and is then ‘‘ORRED’* with the UV
signal to inhibit the six outputs from the signal generators.

A fault logic circuit set by the UV or [tgip inputs
provides an open drain TTL output for system indication
or diagnostics. There is also an internal current amplifier
that provides an analog signal proportional to the voltage
difference between Vgg and Vs. Thus, a viewing resistor
in the main power circuit can provide a positive voltage
at Vs and by suitable feedback resistors the current

amplifier can be scaled to generate 0-5Vdc as a function,

of actual load current (see 1.2.4).

1.1 Input Control Logic

A logic low at any of the six inputs-causes its
corresponding output to go high, as shown in the truth
table (Table 1).

Table 1. Truth table for each inputioutpGt pair

HIN LIN HO Lo
1 1 0 0
1 0 0 1
0 1 1 0
0 0 0 0

Note: 1 = High: 0 = Low

Internal 50kQ pull-up resistors to Ve ensure that all
outputs are low if the inputs are open-circuited. [nputs
are TTL and CMOS compatibie with Vyy set at 2.2V and
Vi at 0.8V. A 500 nsec input filter prevents spurious
triggering from fast noise puises. The input logic circuitry
also provides deadtime to avoid overiap when aearly
coincident transitions take piace at the Ly and Hyy input
pins in the same channel. This is illustrated in Figure 2.

i L

W—_—m 4 = '
- oz rm“F"}_ il 1

INPUT FILTER TIME: Tl ~ 03 us
DEADTIME:: Tdt ~ 1.2 u$

Figure 2. Input to output timing diagram

A further protection against shoot-through currents in the
power devices is provided by shutting down both high and
low outputs if both are simultaneously commanded
llON.I'

1.2 Protection Circuits and Fault Reporting
1.2.1 UV Protection

An undervoltage condition on the V¢ level, defined as
less than 8.9V as Ve is reduced and less than 9.3V
nominal as Vce is increased causes all outputs to
shutdown (see Section {.2.3).

With. Vce at around 9 volts the IR2130 provides
marginally adequate drive voltages to ensure full
enhancement of the power switches for most applications.
Separate UV lockout circuits are provided on the three
high-side outputs. They also have a 0.4V hysteresis band
but the nominal levels are 8.3 volts for a falling bias
voltage and 8.7 volts for a rising voltage. Unlike the V¢
UV circuit they inhibit only their particular high-side
output and do not affect the operation of any other
function.

1.2.2 Current Trip

In the event of a shoot-through current or an output
overload it is desirable to terminate all the output signals
from the 1R2130 driver. This is accomplished through a
current comparator circuit which monitors the voltage
drop across a low side viewing resistor and compares it
with a 0.5 volt reference level. The current comparator
output is ‘“ORRED" with the Ve UV circuit output
(1.2.1) so that a fault condition of either type causes the
fault logic circuit to actuate.




1.2.3 fault Logic

This circdit consists of a latch which is set by the
conditions described in 1.2.2 and is reset by hoiding all
three low-side inputs high for more than 10 microseconds
or by recycling the. V¢ bias supply. When the fault latch
is set it produces two output signals. One is used to inhibit
all three input signal generator circuits thus inhibiting all

“ six outputs. The other output signal appears as a fault
indicator which goes low in the presence of a fault
condition as defined in 1.2.2. The active low condition
can drive an LED fault mdlcator or external logic
circuit.

1.24 éurent Sense

Using the same current viewing resistor described in 1.2.2
the current sense voltage of 0-0.5V is amplified in the
current amplxﬁcr to generate a 0-5V analog function for
processing in an external control circuit.

In actual operation the voltage difference between the Vs
and Vgs pins forms the input voltage for the non-
inverting amplifier although only the positive current (Vs
positive WRT Vss) is measured. Two resistors Re and Ryy
set the gain of the amplifier as shown in Figure 3.

VS INPUT

c0
ouTPyT
o
il
0P AUP SPEC:
R VS RANGE: -V O TV
CA- RANGE: 7V TO TV
CAQ RANGE: OV TO 5.2
vss UMTY GAIN: BANOWIOTH = 1 Mz
SLEW RATE: ¥/ AND ~15V/s

Fxgum 3. Current feedback amplifier connection

Actual voltage gain is given by the relationship

R( + RIN
Rin

A =

for a gain of 10 with Riy = lk:

1o=5£+_”<
1K

R + IK = 10K

Rf=9K

Power for the current amplifier is supplied from Vec.

1.3 Output Drivers

The [nternational Rectifier' [R2130 has six output drivers,
three referenced to Vg and three floating drivers capable
of operating with offset voltages up to 600V positive to

_Vs. All outputs have inverted logic, i.e., they go positive

when the corresponding Ly or H;y goes low unless there
is an over-riding fault condition (see 1.2.3). The output
current is typically 0.25A on the positive edge and 0.5A
on the negative edge of the output pulse, and when driving
a typical MOS gate of 1000pF resuits in a maximum
risctime of 99 nsec and falltime of 48 nsec.

Figure 2 shows the time relationship between input and
output waveforms. The input filter delay is typically 300
nsec and the deadtimes are 1.5 psec minimum and 2.0 psec
maximum. .

1.3.1 Low Side Output Drivers

Because of the current amplifier requirements and the fact
that load current can flow in either direction in a motor

"drive application, the Vs to Vss offset voitage capability

is bi-directional at £5V.
1.3.2 High-Side Output Drivers

When driving inductive loads the Vg, Vs; and Vg
terminals are driven negative with respect to Vg as
inductive energy is commutated by the diodes across edch
low side power. switch. For this reason the total offset
capability of the [R2130 is specified as -5V to +600V.
The -5V spec is needed to accommodate instantaneous
diode drops due to forward recovery as well as inductive
effects of high current wiring, etc.

As previously mentioned in section 1.2.1, undervoltage
lockout is provided for each high side driver to prevent
marginal operation if the bootstrap capacitors become
discharged. This problem occurs more frequently in sjx-
step brushliess dc drives at extremely low speed or stail
conditions and could result in high dissipation operation
of the upper power switches if the UV lockout circuits
were absent.

During long pulses, when the bootstrap capacitors supply
all the energy for the floating driver, the capacitors
gradually discharge until at 8.3 volts nominal the UV
detector shuts down the output and prevents the power
switch from overdissipating.

If long pulses have to be delivered to the outputs the
shutdown condition can be avoided by:

1) Using larger bootstrap capacitors.

(2) Refreshing bootstrap charge by momentarily
turning off and reapplying input command pulse.

3) Providing continuous bias from floating dc power
supplies.



2.0 Application Guidelines
2.1 Bootstrap and Decoupling Capacitors

Three bootstrap capacitors are required to supply power
for the floating outputs of the IR2130, the values of which
are a function of the gare charge requirements of the
power switch and the maximum power switch “ON"
times.

The internal floating driver current also must be supplied
from the bootstrap capacitors. After all these energy
requirements have been met there must still be enough
charge remaining on Cgoor to avoid UV shutdown
(8.3V nominal).

Example: .
What is the maximum tgy under the following
conditions?

If Voo = 15V and the charging of the bootstrap
capacitor occurs when Vs = -0V and Vg of the

bootstrap diode is 1.0V we have a net voltage on Cgoor
of 15Vdc. Let us also assume that we are using a #5 size
power switch such as an IRF450 or IRGPCS0U either of
which require a total gate charge of around 0.12,xC and
that we want to maintain a Cgoor of 0.1uF at a
minimum voitage of 10Vdc:

during discharge Av = 5V-

QAVAIL = CV = 0. x 106 x 5 Volts
= 0.5uC
QREQD = O.IZuC (SCC data ShCC[ [RF450

or IRGPC50U)
Excess charge available = 0.38,C. (Av = 3.8V)

v=Ee=- whereE = 3.8V, v = 10V
CR '

C=01F R=1Im2 (g = I5tA @ Vee = 15V)-

et _E

= 1.38
CR v

t

— = 0322
CR

logs:

0.322 x 0.1 x 1 sec
0.4343

_. 0.0322 sec

Max = = 74.1 ms
foN = a4 msec

Since the charge requirement for the power switch is
constant per event the maximum Ty is proportional to
the value of Cgpgr, i.e., for a | second Tons

Csoor =

1000
X 0.1uF = L35uF
741 #
The above calculation does not consider leakage current

in the bootstrap diode, which must be a fast recovery type
to avoid discharging Capor.

In terms of decoupling requirements a capacitor -
approximately 10X the value of Cppqr is required from
Vec to Vss to provide adequate charging current for
Ceoor and also minimize voltage transients on the Vee
supply resulting from these currents.

2.2 Power Dissipation

The IR2130 has a *“fault’’ output on pin 8 which is really
an open drain MOSFET with its source connected to Vss
{pin 12). The intrinsic diode of this MOSFET has 2
negative temperature coefficient of V¢ almost exactly
equal to -0.002V/°C. Thus we have a “built-in’’
thermometer to monitor die temperature using a -lmA
constant current supply to pin 8.

Graphs of temperature rise versus frequency and offset
voltage are shown in Fig. 4, and a similar graph of power
dissipation versus frequency in Fig. 5. Both graphs apply
to the [R2130 driving six IRF450 devices in a 3-phase
bridge circuit. Similar graphs using power devices from
hex-2 thru hex-5 die sizes are given in the IR2130 data
sheet. Note that Fig. 5 does not include thesmail amount
of power dissipation required by charging the level shifting
isolation wells. But this dissipation does contribute to the
temperature curves shown in Fig. 4.

The curves shown in Figs. 4 and S also indicate a quiescent
power level of 40mW which causes a At of 14°C above
ambient. The IR2130 is capable of approximately 1 Watt
of power dissipation in a 25°C ambient temperature.

3.0 Layout Guidelines

The IR2130 forms the interface between the low level logic
circuitry and the high power switching devices. It follows
then that signal grounds and high power returns should
not be mixed together indiscriminately but should follow
carefully formulated rules so that crosstalk problems can
be avoided. Some basic rules are as follows:

I) Common mode currents arising from wiring layouts
that allow load curreats to flow in signal return circuits
must be avoided.

2) Load current loop size must be small to minimize
circuit inductance.
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Figure 5. Power Dissipation vs Frequency (driving IRF450 with
Rg = 10 Ohms at Vgc = 15V)

3) High current buses must be adequately decoupled
at the switching point to minimize inductive spiking.

4) Adequate shielding between high voltage, high dv/dt
points and low level signal circuits must be provided.

5) Transtformer designs must minimize voltage
. gradients between adjacent windings and to the core to
prevent capacitively coupled currents from flowing in
sensizive signal circuits. "

6) Power switch dv/dt values should be kept as low as
possible consistent with overall system efficiency so that
induced bus voltage spikes are minimized.

Coatrary to generaily accepted theory that faster switching
is better, there are several contlicting requirements in the
interface between the driver and the driven power device:

1) [f the distance between driver and power stage is
more than a couple of inches, the drive signal should
be run in a twisted pair routed directly to the gate and
source (or emitter) of the power device.

2) Drivers such’ as the [R2130 have low impedance
outputs and consequently cause very fast switching of
power MOSFETs. Severe ringing occurs at the switching
transistors resulting in unwanted RF! generationand
possible dv/dt failure of the power MOSFETS. A quarter-
watt non-inductive series gate resistor ot about 15 or 22
Ohms usually provides sufficient roll-off with Cy5 to
damp out the ringing. With small HEXFETs (die sizes
1 to 3) the resistor value should be increased to about 30
to 30 Ohms.

3) [n motor drive circuits where the load inductance
is high, the motor current is commutated by diodes across
the power switches when the switches are “"OFF.” As the
opposite switch in a particular bridge ley is turned “*ON'"
it must pull the conducting commutation diode out of
conduction through its reverse recovery condition. A\ spike
ol current occurs at this time which causes ringing and
RF1 generation. The magnitude of the current spike can
be reduced by the use of the series gate resistor described
in (2) above.



otor current is sensed by a series viewing resistor in the
egative bus with a 20-Ohm pot across the resistor so that
voltage proportional to load current is delivered to the
Trip Pin 9 of the IR2130. Also, a dc voltage
roportional to motor current is available at pin 10. This
a 9KQ feedback resistor and a 1KQ input resistor on
pin 11, the inverting input to the current amolifier.
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“n. Specific Applications
.1 Six-Step 3-Phase Motor Drive :
Figure 6 shows a typical 3-phase non-regulated motor
drive in which the IR2130 supplies all the gate drive signals
for the. high-side and low-side IGBTs. QUTPUT VOLTAGE
L FROM CURRENT
The IR2130 is operated from a 15-volt dc supply from a AMPLIFIER (PIN 10).
B-terminal regulator and the inputs are derived from a six- -0 2v/DIV. LIGHT LOAD
step ring counter with its input signal supplied by a 555 (0.5A pk)
astable multi-vibrator operating at 360 Hertz. The dc bus LINE TO LINE
or the six-step inverter is supplied off-line by rectifying " AQUTPUT VOLTAGE
e 115-volt ac input and filtering it with a 50 microfarad i )rBPgRPO};(ASGg :'UTUR
0-volt capacitor. ¢ 2

100v/DIV

Figure 7. Six-step motor drive waveforms




Static Electrical Characteristics

{VCC. VBS1,23=15V and Vgg =Vgp=0V unless otherwise specified)

(VIN, VTH. lIN. VO, and 10 parameters are applicable to all six channels (HS1,2.3 & 151,23))

The Vo and i parameters are referenced to Vs0,1,2.3)

(All the Static Electrical Parameters are 100% tested in production at TA =25C)

IR2130

Tj = 25°C Tj=-55t0
150°C B
Symbol Parameter Min Typ Max | Min | Max | Units Test Conditions
Lk Ottset Supply Leakage Currents — - 50 — SGO Vg uVg < =600V
{chan 1,2,&3)
1Q8s0 Quiescent Vgg1,23 Supply Currents - 1 16 - 30 A | (VIN1 23-)=ITRIP=SY
(OUT=L0)
laBst Quiescent Vgg1,2.3 Supply Currents - 20 - - - (HS-ViNt,2.3-}=ITRIPw=OV
(OUT=HI)
lacco Quiescent Ve Supply Current - 28 - — - (VIN1,23-)=ITRIP=5V
(QUT=LO) mA
lacct Quiescent Voo Supply Current ~ - 28 35 - 6 (ViIN1,23-)=ITRIP=OV
(OUT=HI)
N4 Logic “1* Input Bias Current — 360 500 — | 900 ViN =0V
(OUT=HI)
N~ Logic “0" Input Bias Current - 160 -_ - - ViN =5V
(OUT=L0) pA
ITRIP+ “High" ITRIP Bias Current - 60 — — - ITRIP =5V
Y TRIP- “Low" ITRIP Sias Current - - 20 - 1000 | nA | ITRIP=0QV
VINLIH Logic “0” Input Voltage (OUT=LO) — — - 2.2 - v
VINLIL Logic 1" Input Voitage (OUT=HI) — - — — 08
VITTH+ ITRIP Input Positive Going Threshold 435 485 535 400 550 mv
Vecuv + Ve Supply Undervoitage Positive 85 9 9.45 8 96
Going Threstold
Veeuv- Ve Supply Undervoitage Negative 82 865 9.1 17 93
Going Threshold v
vasuv + VBs1,2.3 Supply Undervoitage - 865 - — - -
Positive Going Thresholds
Vasuv- V8s1.23 Supply Undervoitage - 8.25 — - -
Negative Going Threshoids
104+ Output High Short Circuit Pulsed — [ 250 - - - VOUT =ViN- =0V,
Current ma | PW<=10us ’
lo- Output Low Short Circuit Pulsed = 500 - - - VouT =15V, ViN_ =5V,
Current _ PW < =105
Vce-VoH | High Level Output Voltage - 4 45 — 100 mv | VIN==0V, [g=0A
Vou Low Level Output Voitage — 04 10 - 100 ViN- =35V, |g=0A
Ron, FLT FAULT- Low On Resistance - 50 65 - 150 .
vVos Amplifier Input Offset Voltage - - 10 - — mV | Vgg=CA-=0.2V
ICA- CA- Input Bias Current —_ 0S5 4 - 10 NA | CA-=25V
CMRR Amplifier Common Mode Rejection - 80 - - — Vgg=CA~-=0.1V & SV
Ratio a8
PSAR Amplifier Power Supply Rejection - 75 - - — Vgo =CA-=0.2V,
Ratio Voo =10V & 20V
VOH.Amp | Amplifier High Level Output Voltage 509 52 5.27 S 55 V | CA~=QV, Vgg=1V
VOoL.Amo Amplifier Low Lavel Output Voltage - 25 20 — 50 mV | CA~=1V, Vgg =0V
ISRC.Amo Amplifier Qutput Source Current 315 4 —_ 2 - CA-=QV, Vgg =1V, CAO=aV
'SNK.Amp | Amptifier Output Sink Current 1 1.6 - 0Ss - CA-=1V, Vgg =0V, CAO=2V
10+ ,Amp Ampiifier Qutput High Shornt Circuit — 43 65 — 10 mA | CA-=QV, Vgg =5V, CAO=OV
Current
l0-.Amp Amplitier Output Low Short Circuit - 3 4.4 - 10 CA-=5V, Vg9 =0V, CAO=5V
Current
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Dynamic Electrical Characteristics

VCC. V881,23=15V and Vgp,1,23 = VSS unless otherwise specified.
The dynamic electrical characteristics are measured using the test circuit as shown in Fig. 3 and 4.

T = 25°C Tj = -55to
150°C
Symbol Parameter Min Typ Max Min Max | Units Test Conditions
ton Turn-On Propagation Delay 515 630 735 - 1300
(all six channeis) Cy =10000F
tr Turn-On Rise Time (all six channels) - i 75 110 - 50 s V§1.2.3=0V to 500V
lott Turn-Olf Propagation Delay 300 |~ 400 500 - 600 | vin =0 2 sv
(all six channels) IN=
1] Turn-Oft Fall Time (all six channels) - ki 50 - 75
oT Deadtime (LS Turn-off to HS Turn-on - 2 - — - ns | C_=1000pF, Vi =0 & SV
& HS Turn-off to LS Turn-on)
titrip ITRIP to Quiput Shutdown 435 | 580 770 - 1000 | ons
Propagation Delay Cy_=1000pF
m ITRIP to FAULT- Propagation Time 335 | 800 | 710 — | 1000 | ns | VIN. VITRIP.=0 & 5V
ditclr LIN1.2.3 to FAULT Clear Time — 10 — — — us
til.in Input Filter Time (all six inputs) - 310 — - — ns VIN=OV & 5V
thy ITRIP Blanking Time . - 400 — — - ns ITRIP=1V
SR+ Amplitier Slew Rate (positive) 44 6.2 — 2.7 — Vius
SR- Amplifier Slew Rate (negative) 24 3.2 - 1.5 - Vius
Functional Block Diagram
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Typical Performance Characteristics
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Fig. 3a — Switching Time Test Circuit
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Fig. 3b. — Input/Output Switching Time
Waveform Definition
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Functional Description

The IR2130 is a monolithic high voltage, high speed
six channel power MOSFET and IGBT driver. Refer to
the section on,Functional Block Diagram for the internal
partitioning of the various circuit blocks. The driver
translates logic input signals into corresponding out-of-
phase low impedance outputs. Low side channel
outputs (LO1, 2, 3) are referenced to a fixed supply
(VceVso) and high side channei outputs (HOt, 2, 3)
- are referenced to individual floating rails (Vggy, 2, 3).
with offset capability up to 600V.

Input/OQutput Logic

The logic circuit provides the control pulses for the
output channel corresponding to the logic inputs as
indicated by the Input/Qutput Function Diagram
{Fig. 1). The HO and LO outputs are in anti-phase with
the corresponding HIN- and LIN- logic inputs. A bridge
circuit overcurrent or V¢ undervoltage condition sets
the internal fault logic high, which in turn shuts all six
drive outputs off. The logic input uses a comparator with
hysteresis and a 300ns front end fiiter to provide high
noise immunity and can accept inputs with slow rise
times. The input thresholds are compatibie with 5V
CMQOS or LSTTL and V) _/Vy are 0.8V/2.2V.

A minimum deadtime of 2us is provided between HO
and LO outputs of each channel to prevent cross
conduction between high side and low side power
devices. A longer deadtime can be obtained by
providing a gap or an overlap between HiN-and LIN-
inputs of desired duration.

In a typical three-phase bridge operation, fast
switching of the power devices, parasitic inductances
in the wiring and the current sensing resistor can cause
voltage spikes of several voits between the Vgq and
Vgg pins. Thus, isolation circuits were added to
guarantee that the logic-functions correctly even when
" Vgg swings by up to +/~5V with respect to Vgg.

Protection and Diagnostics

In the case when Vg is below the under-valtage trip
point, the UV detect block will send a signal to enable
the fault logic, which in turn disables all six output
channels. The fault logic, and therefore the outputs,
change state as soon as V¢ crosses the under-voltage
lockout threshold voitages.:

The over-current shutdown protection is provided to
protect the driven power device when abnormal over-
stress conditions occur. Over-stress conditions are
detected by sensing the bridge circuit current through
a sensing resistor, as shown in the section on Typical
Connection. When the voltage at the ITRIP pin exceeds
its threshold (485mV), the fault logic is latched on and
all six output channels are disabled. The fault logic, in
this case, can be reset by either cycling Vo below its
undervoltage threshotd or by holding all three LIN- pins
high for more than 10pus.

In both shutdown cases, the fault logic causes the
FAULT output pin to send an open-drain diagnostic
output signal.

Separate UV detect blocks are also used to disable
each floating channel individually when Vgg1, 2. 0r 3
are below the trip point limit. The UV condition can be
reset cycle-bycycle at the next input signal into the
channel. The UV detect for Vgg, however, has no effect
on the fault logic.

IR2130

In addition to these protection features, the 182130
also provides an operational amplifier which can be
used for diagnostic feedback of the bridge circuit
current level. By configuring the op amp as a
noninverting amplifier, as shown in Fig. 2, the op amp
will provide an anaiog (OV to 5V) signal reflecting the
current in the bridge circuit.

Level Shifting

Narrow “On" and "“Off" pulses triggered respectively
by the rising and the falling edge of HINs, are generated
by the puise generator block. The respective pulse is
used to drive separate high voltage N-channel DMOS
level transiators that set or reset RS latches operating
off the floating rail. Level shifting of the ground
referenced HIN signais is thus accomplished by
transposing the references of the signal to the floating
rail. Because each-high voltage N-channei DMOS level
translator is turned on for only the duration of the short
“On” or “Off"” pulses, for each set or reset event, power
dissipation is minimized. False triggering of the RS latch
from fast dv/dt transients on the Vg1, o, 3 nodes are
effectively ditferentiated from normal pull-down pulses
through a pulse discriminator circuit such that, the
floating channel is essentially immune to any level of
dvidt. Also, the high voltage level shifting circuit is
designed to function normally even when the Vgy, 2, 3
nodes swing more than 5V below the Vgg pin. This
condition can often occur during the recirculation pericd
of the output free-wheeling diodes.

Output Driver

All six channels use identical low impedance CMQOS
buffer stages with peak current capability of 0.25A for
the pull-up and 0.5A for pull-down. To avoid cross-
conduction noise spikes, the buffer stages are designed
such that the pull-up-device is turned off before the puil-
down device turns on and vice versa. For a typical
1000pF load the rise and fall times are 75ns and 35ns,
respectively.
Application Guidelines )
The IR2130 is typically used to drive six high voitage

. N-channe! power MOSFETs or IGBTs configured in

three phase bridge or other topologies. Fixed low side
referenced outputs are used to drive the three low side
connected power devices. Floating output channels are
used to drive power devices in the high side
configuration that require an over-rail gate drive. Refer
to the section on Typical Applications for various circuit
topologies where the IR2130 is applicable.

Typically, the floating supply is derived from the fixed
supply using a bootstrap technique as shown in the
section on Typical Connection. The charging diode must
have a voltage withstand capability higher than the peak
HV bus voltage. To prevent discharging of the bootstrap
capacitors, a fast recovery diode is recommended. The

"value of the bootstrap capacitor depends on the

switching frequency, duty cycle and gate charge
requirement of the power MOSFET. The voitage across
the capacitor should not be allowed to drop below the
under-voltage lockout threshoid. A 0.1xF capacitor is
usually suitable for applications switching above SkHz.

A supply bypass capacitor beiween Vo and Vgg
is required to supply the transient current needed for
refreshing the bootstrap supply, as well as for switching



Application Guidelines (cont.)

the capacitive loads. Typically, a value of at least ten
limes the boolstrap capacitor is recommended. This
capacitor together with bootstrap capacitors must be
connected close to the device. A 0.1uF ceramic disk
capacitor in parallet with a 1uF tantalum capacitor is
recommended for the VCC"VSS bypass, while 0.1xF
capacitors are recommended for bootstrap capacitors.
To minimize inductance in the gate drive loop, each

IR2130

going to Vg1, 2. 3. 0r Vgg pin of the IR2130 for the
return of the gate drive signal. For a smaller power
device. a series gate resistor between the output of the
IR2130 and the gate of the driven power device is ~
recommended to limit switching speed. The value of
the gate resistor depends on EM! requirements,
switching losses and the maximum allowable dv/dt in
the power switch.

power device should have its own dedicated connection _ 0
Typical Applications
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4.2 A 1000W Mercury Vapor Ballast

Figure 8 shows the schematic for a IkW HID ballast using
the [R2130 to perform the drive functions for all high-
side and low-side switches. This circuit uses the IR2130
as a full-bridge driver and also as a pre-regulator driver
for a buck regulator front end. The input ac in this case
is a 3-phase 230-volt line-to-line 60 Hertz supply which
‘is rectified to produce a 320-volt unregulated bus.

An UltraFast [GBT switches this voltage in a buck
regulator circuit whose output then feeds the full bridge
of four fast [GBTs directly driving the [000W lamp. The
frequency of operation of this ballast is 20kHz for the
input buck regulator and 10kHz for the full bridge lamp
driver. Since all high intensity discharge lamps require a
constant current power source for correct operation, the
UC3843 pulse width modulator (PWM) was operated in
the current mode. -
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Figure 8. 1000W HID ballast



PWM QUTPUT
FROM UC3843
(10v/0IV)

1R2130
HiNt INPUT
{10V/DIV)

1IR2130
L02 OUTPUT
(10V/01V)

NOTE: OFFSET Vs TO Vss DURING
CONDUCTION OF BUCK REGULATOR IGBT

Figure 9. Driver waveforms

Lamp current was sensed by a viewing resistor in the
negative bus with a 502 pot across the viewing resistor
supplying an input dc signal to the 3843 PWM regulator.
The output from this.regulator was fed in to the Channel
1 high-side input pin 2 of the IR2130. Note that since the
IR2130 has a logic invert function, the PWM signal was
first inverted by a small HEXFET® power MOSFET
before being applied to pin 2. The PWM signal was also
used to trigger a flip-flop which provided the square wave
inputs to the IR2130 for driving the full bridge lamp drive
circuit. Notice that only a small filter capacitor is used

IR2130
Hint1 INPUT
{5VIDIV)

QUTPUT
BRIDGE
CURRENT
(1A/DIV)

-0

Ve

NOTE: 60 Hz INPUT RIPPLE MODULATION

Figure 10. Output bridge current

on the dc output of the buck regulator so that the dc
supply jo the lamp driver full bridge effectively becomes
a current source. This allows the bus to be instantaneously
shorted to ground without damage to the output 1GBTs.

This is important because the input signals to the IGBTs
in the full bridge are in fact 50% duty cycle square waves
and although dead time is actually built into the IR2130
for driving IGBTs, the deadtime is only approximately
1.75 microseconds, so the current-fed topology is essential
to prevent shoot-through failures.
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' PROGRAMMABLE INTERVAL TIMER

2 MCS-35™ Compatible 8253-5 a Count 3lnary or 3CD

x» 3 Independant 16-3it Counters . ~m Single +5V Supply

2 OC o 2.5 MHz 3 Available in EXPRESS
—Standard Temperature Range

1 Programmable Counter Modss —&xtended Temperature Range

Tnanter® 3253 is a orogrammaota counterstimer Cavice Cesignad {ar use as an intat microcomouter penoheral. It yses nMOS
‘acanctogy mith a single ~3V suoply and is gacxaged in a 24-0in ptastic OIP
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FUNCTIONAL DESCRIPTION
Genecal . -

The 8253 is a programmaole intarval hmer/counter
specifically designemy for use with the .In{et™ " Micro-
corfputer systems. its funcion is that of a generas
purpose, mutti-timing slement that can be ireated as an
array of 1/0 ports in the system software.

‘The 8253 solves one of the most common orodtems in any
microcomaoulter system, the generation of accurate ume
cdetays unger solitware control. Instead of setting uo iming
locos in systems software, the programmer contigures the
3253 to martch his requirements, initiatizes one of the
caunters of the 8253 with the desired quantty, then ugon
command the 8253 wifl count out the cetay and interruot
the CPY wnen :t has comolated its tasxs. It is easv (0 see
that the software overnead is miaimal ang that muitiole
asiays can easiiy be maintained by assignment of crnority
levets,

Other counter/timer !'unctions that are non-deiay in
nature dut aisc commaon (0 MOst MiCrocarmnouters can be
imotementad witn the 8253,

¢ Programmaole Rate Generator

*: Event Counter

¢ 8inary Rate Mulupiier

*. Reat Time Clocx

* Qigital One-Shot

»: Comptex Motor Controller

Data 8us Buifer

This 3-stats, bi-directional, 8-bit bufferis usedtointartaca .

the 8253 to the systsm data bus. Data is transmutted or
recsived by tha butfar upon execution of INoutor OUTput
CPU lnstructions. The Oata Bus Builer has three basic
functions.
1. Programming the MOOES of the 8253,
.2 Loading the count registers.
3. Reading the count vaiues.

Read/Writs:Logic

The Read/Write Logic acceots inputs from the system dus
and in tum generates control signais {or overall cavice
opecation. It is enaoled or disanied by CS 30 that no
operation ¢an occur to change tha funcilon uniess the
devica has been salected by the system logic.

RO (Read)
A “low” on (nis inout informs the 8253 that the CPU is
ingutting data in the form of a counters vaiue.

WR (Write)

A “low”™ on this input informs the 8253 that the C2U 13
outputting datain the lorm of mode infarmation oc loaging
counters.

A0, At

These inputs are normally connecied to the eddress dus.
Thetr tunction is to select ane of tha three counters to be:
operated on and to address (he control word register (0
mode ssiection.

CS (Chip Selact)

A “low” on lfus input enadtes the 3253. No reaging or
writing wall ocgur unless the device is setected, The C3
input has nag effmct uoon (ne actual coeration of the
counters.

.
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Figure 3. Btock Dlagram Showing Oata 8us Buffer and.
Read/Writs Logic Functions !
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Controb \'Vcrd Registar

*ne Control Word Register is seiected ynen AQ, Atare 11.

then accapts information {rom the data dus buifer and
taces it in a register. The infarmation stored in (nis
agister centrols the oparationat MODE of eacn counter,
:atection ot binary or 8CD ccunting and the toading of
3acn count register.

rme Control Ward Register can only be written into: n0
-aag Operation Gf its contents is availadle.

Countar #0, Countar #1, Countec »2

“nese (hree lunctional blocxs araidentical in ooeration so
anly 3 singte Counter wiil be descrioed. £acn Counter
sonsists of a single, (6-it. pre—seitaela. OQWN counter,
The counter can ogerate in either binary or 8CD .ana its
.nout, ale ana autput are contigured by the selecuon of
MOOES stored in the Control Word Register.

“ne counters ara fuily ingenencent and each can nave
secarate Moge cgatiguration and coun‘tng ooerauon.
oinary or SCO. Also, there are soecial features in the
santrol word that handle (he loading cf the count value sC
gt software overnead can be munimizeg for inese
tuncuions,

The reacing of the contents of eacnh counter is.avaiaote o
-ne orogrammaer with simple REAQ operations lor event
sounting aoplications and soecisl commands and lagic
are included in the 8253 so that the cantents of eaca
counter can ba read “on the [y~ without having o inhiDit
the clock input. ’

8253 SYSTEM INTERFACE

The 8253 is & component of tha Intel™ Microcomputer
Systems and Interfaces In the same manner as all other
perioherals 'of the family. It is lreated by the systems
software as an array of peripherat I/O ports: three are
countars and the fourth is & control register far MCCE
orogramming. 2

dasicaily, the select inputs AQ, A1 connect to the AQ, A1l
iqdress bus signais of the CPU. The C3 can be cerivea
direcily from the address Bus using alinear sefect method.
Crit can be connected 1o the autout of 2 Cecoder, such as
\n Inte1® 8205 {or larger systems,

Figure 4. Block Dlagram Showing Cantrol Word!
Ragister and Counter Funclons
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completely independent anag aaditional logic is orovideq
on-chtp so that ‘he usual prociems associateg with
efficient moniaring ana management of external,
asynchrcnous eveats or rates to the micrccamouter
system nave been eliminated.

Programming the 3253 : «

Alt of the MODES {or each counter are grogrammed Sy (ne
systams software by simole {/Q cperatoans,

€aen counter of the 8253 is ingividually programmed Dy
writing a controt word into tne Controt Word Register,
(AD. A1 =11)

Control Word Format --

Oy .Dsg D¢ 04 Dy O 0, - 0g

- [ se lsm]aulam {m2] w1 [ mo | aco |

Detinitlon of Cantrol
SC ~— Select Counter:

. SC1 SCa
o aQ Q [ Select Counter O |
Q 1 ! Seiect Counter |
! Q Select Counter 2
1 1 iitegal
RL — Ressdload:
RL1 RLO '
o 0 Caunter Latching operation (see

READMRITE Proczdure Section)

o] l Resd/Load most significant dyte only.

1 Reea/Load least signilicant byte (wrt,
then most ugnificant dyte.

{
~a | | Read/Load least sgnsticant byte onty.

. A
II’TLeI 8253/8253-5
M — MODE:
. » .
QPE‘-‘(A;!ONAL DESCRIPTION . w2 M1 Mo
Genecal !0i0i0[Mca¢0§
The complete funcuionai cefimtion of the 3253 s i 0! b1} Mocel f
programmed Dy the sysiems soltware. A set ot controt | X ]! i o E Mode 2 |
wards must De sent out-dy the CPU 1o mnahze eacn ; . — .
counter of the 3253 with the cesirea MOOE ang guantity P X0t | Moge3
intormation. Prior to initiafization. the MOOE. count, and 44 | 0§ Mode4 i
outcut of all counters is undetined. These control-words E ¢ T vode 5 |
greqgram the MODE, Loading sequencs and sesiection of : : ' [ Mode3 ,
oinary or 8CO counting.
Once orogrammed. the 3253 is ready o pertorm whatever 3C0:
uming tasxs itis assigned to accomolish.
The aciual counung ogeration of eacn counter is r ) ! Sinary Counter 16-dits l

Sinary Coded Oecima) (8CD) Counter
(4 Oecades)

Caunter Loading

The count register 13 not 10aded until ine count value is
written (gne or lwo Dytes, depencing on the mode
saiacied by the AL bits), lollowed by a rising edge and a
falling edge of the clock. Any read of the counter prior to.
that falling clock edge may yieid invaild data. *

AP

MODE Deiinition
i-

MOOE 0: Interrupt on Terminal Count. The output wnu
be inttially low aftar the mode sat operation. Alter tns,
count Is loaded into the seleciad count register, the out—
out wull ramain low and the counter will count. Whan (ef-i
minal count Is reactied the outout will go high and re-
main high until’the seiected count ragister is {eloaded‘
wilh the mode or a new count is lcaced. The coumer‘
continues o decrement after terminal count has beert
reached.

Rewriting a counter registar during counting resulls ia
the following: !

{1} Writs 13t byts stoos tha currant counting.
(2) Write 2nd byte starts the new count.

MODE 1: Programmatie One-Shot. The outout will ¢o,
low on the coyat fallowing the nsing edge al the gats in-"
pul. H
The outout will go high on tha tarminal count. If a n”_‘)
count value is lcaded while the output I3 low it will not.
atfect the curation of the one-snot puise untll the su
ceeging lrigger. The current count can be fead at a:y}
time without aflacting the one-shot pulse. :

The ono-snol is ratriggeranle, hancs the culout will o
main low for the [ull count aitar any rising edge of mo)
cate input,
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MQOE 2: Rate Qenerator. Clvide oy N countsr. Tha out-
aut will e low for one period of the input clock. The
pertod {rom one oulpul puise to the next squais the
numoear of Input ccunts In the count registar. If the
count reqister is ralcaded beiween cuttut Sulsas the
prasent periocd will not be affeciaq, but the sucsequeant
period wifl raflect the new value,

The gate inout, when low, will {orca the outout hign.
‘When the gate Input goes hign, tha counter will start
trom the initlal count. Thus, the gate input can de usea
to synchronize the counter,

ywhen this mode is set, the Qutput will remain nign uatil
attar tha count register Is lcaded. The outpul then can
also te synchronized Dy software,

MODE X: Squams Wave Rate Geneator.Similar to MODE
2 exceot that the output will remaln hign untll one nhalt
the count has been complatad (for aven numbers) and
go low for the other half of the count. This Is accom-
piished by decrementing the counter by two on the fall-
ing edge of each clock puise. When the counter reaches
terminal count, the state of the output is changed and
the counter I8 reloaded with the fuil count and the wnole
process is repeated.

If the count is odd and the output is hign, the {lrst ctock
pulse (after the count |s lcaded) decraments the ¢ount
By 1. Subsequent clock puises decrement tha clock by
2. Alter timeout, the output goes low and the full count
13 refcaded, The !irst clock puise (lollowing tha relcaa)
decraments the ccunter Dy 3. Subsequent clock pulses
decrement the count by 2 until timeout. Then the wnole
process is repeated. in this way, if the count is odd, tha
output will be high lor (N+ 1¥2 counts and low for
(N — 1¥2 counts.

In Mocas 2 and 3, if a CLX sourca other than the system
<locx is used, GATE shouig be pulsed immediately following
WH of & new count value.

MQDE 4 Softwars Triggersd Slrote. Aftar the moda is
set, the cutput will e hign. When the count is loaced,
the countar will dbeqin counting. On terminal count, the

.

outout will go 1ow far one input clock penod, then will
<0 hign again,

It the count reqister is reroaded during counting, the new
count will be ioaded on the next CLX oulsa. The count will
De innibited ‘wnile the GATE inout is low.

MOOE 5: Hardware Triggered Stroce. The countar will
start csunting after the rising eage of the triggar input
and will go low for ane clock perod when the terminail
count Is reacned. The counter I3 ratriggeradle. The out-
put will not go low unt!l the fuil count after the rising
adge af any triggar.

Sqne |- Low
Status Ot Gosng
Modes Lew ) . MHign
Q Orsavies - Ensoies
counting counting
1 — 1) inthates : o
_counnng, .
21 Resats ouiput
Alter nest clocx
H 1} Oisacies 3
cavaung 1) Raoecs Enascies
2) Sats outout :’"‘" counting
immeciatery B tmoates .
A countng
3 1) Qisasies Ty —
counung conrwer Enadies
AN Sata outout 2) Iretiares counung
immediatety
ugn ¢ 3
4 Qivactes — Enucewe
counnng counting
3 —_— ininates —_
counnng *

* Figure 6. Gate Pin Operxtions Summary !
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8253 READ/WRITE PROCEDURE :
write Operations " MCOE Conzrol Word

The systems softwars must program eac counter of the
3253 with the mode and quantity desired. The orogram-
mer must writs out to the 8253 2 MOODE cantrol word anad
1ne programmed numoer of count ragister dytes (1 or 2}
anor to actually using the salecied counter.

The actuai order of the programming is quite Hexible.
writng cut ot the MOOE controi word can be in any
ssquence of counter selection, 2.g., counter 20 coes not
nave (0 be first or countar #2 last. Zacn counter's MOOE
cantrol word registar has 2 separate -address SO (nat its
10aging is completely sequence indepengent. (SCJ, ST1

The loaging of the Count Ragistar with {ne actual count
vaiye, Nowever, must be done in exacily the sequence
srogrammed in the MOOE control ward-(RLO, RL1). This
ioscing of the countar's count register is still sequence
\ncegendent lixa the MODE controt word loading, Jut
wnen 1 3siected count register is to ce loaded it must te
.0aged with the aumoer of bytes grogrammed in ihe
MQOCE controt word (RLO. RL1). The one or two Bytes (0
se t0aaed.in the count register do not have (o {ollow the
13sociated MODE control word. They can be programmed
st any uma following the MODE control word loading as
long as tne correct numoer of bytas is loadeda in orcer.

Al counters are cown countars. Thus, lhe vatue loaded
intc the count registar will actually be decrementea.
Loading ail zaroes into & count registar wil result in the
maximum count (2" tor 8inary or 10 for 8CO). In MODEQD
the new count will not restart until {he load has been
comoleted. It will accaot one of two Bytas depending on
how tne MODE control words (RLO, AL1) are program-
med. Then proceed with the restart coeraticn.

Counter n
Ls3 Ccun;ﬂeqixtef dyte
Counter n
s3 Count Register byze

Caunter n |

Nota: Format tnown it 2 umole axamole of lcagding the 3253 and
Zoet N0t 1MOly (hat 1¢ i (e onty (Ormat NI &N Oe used,

Figure 8. Programming Format

[a1] a0
MOBE Canrtrol ‘Word
No. 1
/ Caunter 0 ! !
MOODE Contral Word I
N ” P
924 Counter 1 i } !
MCOOE Congoi Word
No. %

3 Caunter 2 ! !
No.4 | LsB Count Req:ner:ay-zn 0 i
Counter 1-

Caunt Register 8yte 9 '
No. S | MS3 Counter 1
No.5 | Ls3 Count Register Byte 4 a
Counter 2.
Count Register Syte
! M
mon g S8 Counter 2° ! 0
Count Register 8yte H
Na. 3 }
8| Counter 0 i 9 0
No.9 | Msa Count Register Byte 0 0
Counter 0

Note: The sxcluwrve sdkiremss of svach COUNtar’ s count reqister maks
the Uk of prowsrwnirg Me 8231 2 very nmoie macter, 10g
Mz effecCtrve use of the device will resuit if (N festure
s tutly vtiiicsd,

Figure 9. Altemate Programming Formats
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Read Opacations

in most counter apphicaunofis it becomes necassary (o read
the value of (he count n progress ang maxe 3
comoutational decision dased on (s quanuty. Svent
counters are orooaoly the most common aborcation that
uses this functon. The 8253 cantains 10GiC that wiil allow
the orogrammer to easily read the cantents of anv of the
tNree counters without CisturoINg the actual caunt n
progress. .

There are two methods tnat the orogrammer Cin use !0
reaq the value ot the counters, The first metnod iavoives
the use of simole I/Q read oogerations af 'he serecied
counter, 3y controihing the AQ, Al :nouls to the 8253 the
programmer can select the counter (o oe read (rememoer
iNat no read ooeralion ot the modae register 1s Atlowed AQ.
At-11). The only requirement with ({is method 1S (hatin
orger to assure astaole coudatreading the aciual goeranon
2f iNe setecisg counter Must- Se AMbitea 2atner Jy
cantrolling the Gate inout or by ax(ernallogxq:nal mnoons
ine clocx 1nout, The contents of the caunter selecied wiit
se avaitacie as !oilows: ’ 3

tirst I/Q Read contains ine reast sigmificant dyte :LS3).
secone 1/Q Reaa contains the most sigmhicant dyte

(MS8).

Read Oparation Chart

At | a0 | RO |
0 | 0 | @ | ReaaCounterNo.0 |
i ! i Q f Read Caunter No. |
1 i 0§ 0 | Read CaunternNo. 2
R I S R T |

Reading While Counting

In orcer tor the grogrammer (O read the contents of any, |
counter without eifeciing or disturoing the caunung :
ogeranon ne 325J has soecial internal 10gic tnat can de .
accesséd using simole WR commands (o tne MOOE®
reqister. 3asicaily, wnen the programmer wishes (0 read
the contents of a seiected counter “ontne lly heloads the
MCOE register witn 2 specCial code wnich laiches tne
oresent Count value INtQ a storage register so (nNat itse
cantents contan an 3accurare, stable quantity, The?
srogrammer [Nen ssues 3 normal reag command to the't
selected counter andtne contents of the latcned register s’
svailaote, o

MOOE Registar lor Latching Count

Que o the internat logic of the 8251 « :3 aosotutely AQ, A1 = 11 :
necessary (0 comolete the entirereacing procedure. It two ' -
Bytes are programmed to be read (then two oytes must be 07 { 06 | 05 | D4 } 03 | 02 | D1 I po :f
read betore any loading WR command can 0e sent to the sc1 ’ sco l P ) ' % l X ' ‘x LB
same counter. N . 32
o=

SC1.SC0 — specily counter to be latched. 3

05.04  — 00 gesignates counter latchung cperation.”

X — dan't care. 2
R 3
The zame limitation applies to this mode of reading thed

csunter as the pravious metnod. That is, it is mandatory!

to comptate the entire read operation as programmed:)
This commana has no affect on (he countar's mode. ';
K
b
X
}3.

IMHz2 * 1.SMHz r

cLx -2 cLx W

i

0es 82535 !

- 1t an BOBS CIOCK Cultwt 18 [0 dnive 3n 42835 clocx Oout, it Must De reauCEd [0 2 MNT OF lesa,

Figure 10, MCS-85™ Clock Intertacs®
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ABSOLUTE MAXIMUM RATINGS* .. .- 'NQTIEE: Streszes avave those listed under “Absolute

: . + Maximum Rsangs” may cause pearmanant damage to the

. = »  Qavicae. Thizis & siress rating anly and functional gpera-

Amaoient Temoerature Under 8ias ... .. °Clo7eC tion of the device at these or any other conditions above

Storage Temperatuyre .............. -35°Ctlo»150°C those indicated in tha operational sections o!f tnis

Yottage On Any Pin spacitication is not impliad. Expasure 10 sosciute maxi-

with Rescectto Grouna  ............. -3.5Vtio-r7V mum rating conditlons lor axtended pariods may affec:
PowerQissioation ... ... .. ... ... ... .. 1 Watt davica reliaoflity,

.

0.C. CHARACTERISTICS (T, = 0°C to 70°C. Vig = 5V =10%) -

| Symoal Psrameter I Min. | Max, ! Unit | Test Conditians |
I we Inout Law Voltage | 95 | gz | v ! |
HELVA | lnout Hign Voitage | 22 | Vemesvi Y i |
é Vet l Qutout Low Voltage l {045 7 v ! Not= 1. ]
x Van l Qutout Hign Veitage | 24 ! { v ' Naote 2 ,
f he | fnout Load Current |' : 210§ A g Vini= Voo 1o GV i
i lser ! Qutout Float Leakage H N SN @Y et Vec 1o .45V i
. ez I Veg Suoalv Current i L N ] : l
CAPACITANCE (T = 25°C, Vee = GND = GV)

rSvmool ' Parameter ’ Min, l Typ. , Max. [ Unit I Tast Canditions

lLC.N i lnout Cacacitanca ] | 10 pF | fe= 1 MHz /

{ Cio | 1O Cicacitanca | ] 20 27 | Unmeasured pins ceturned o Vss

A.C. CHARACTERISTICS (T = 0°C 1o 70°C, Ve = 5.0V = 10%. GND = 0v) *

Bus Paramaters (Note 3)

REAQD CYCLE

| 3253 82535 '

| Symoal Parametar Min. | Max Min. | Max Unit
] an | Address Staote Before READ ] so | | 2@ | ns

| taa ' Addreis Hold Time for READ l S ’ l H , ns
P—

| tam | READ Putse Width | 200 | | 20 | | . as,
| tag | Oata Deuy From AERG (] | | 03 | 0| es
——— .,

¢ Ing | REAQ to Data Floaung ] 25 | ras | 25 1cQ } nt
g .

, tay Recovery TIme Satwean AEAD ; ,

| ang Any Other Control Signai ! #s
—— 1
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8253/8253-5

A.C. CHARACTERISTICS (Continued)

"

ST i
I e

-t b

—

WRITECYCLE .- o ° -
I 3253 ] 8253-5
. Symoot | Paramater Min. | Max. | Min. | Max. Unit
! taw | Aadress Stable 3efore WRITE 0 oo | | ns
twa i Address Holg Time for WHITZ ¥ o] i 0 ] | as
tww | WRITE Pulse Width i : o | o0 | | ns
tow | Oata Set Uo Time for WRITE i w0 [ %0 | | ns
two | Oata Hald Time for WRITE 1SN | = | | ns
tav | Aecovery Time Between WRITE [ ! ! L #s
|| and Aay Othar Cantrol Signal i : ' ’
LOCK AND GATE TIMING
; az=3 8535
| Symbol | Parameter ! Min. | Max Min. | Msx. Untt
tcex |- Cloex Periog : | o« 3@ | e ] ns
twn | High Pulss Width i 230 @ ] .| s
towt, |* Low Pulse Width ] 120 | 159 | -
Gw ! Gate Width High i 159 | 150 | i ~
gL |. Gate Width Lew ] 100 | 100 | | s
Gy |" Gate Set Uo Time to CLX? [ 100 | 100 | | ns
tGH | Gate Hald Time After CLK? | 8 | 0 | Ions
0o Outout Oelay From CLK$ (4} ! | 400 | W0 | as
o Output Oelay From Gatet (4} i | 300 ] 0 | s

Rt

NOTES:
1. lgL = 22 mA,

2 loy = ~400 uA,

3. AC limungs measured at Voy 2.2, Vo = 0.8,

4, G = 1S00F.

* For £xtended Temoerature EXPRESS, use M8253 elacirical paramatars.

A.C. TESTING INPUT, QUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

L4
22v v
~ D
) TEST FOINTS (’
-
EXTS 22 iy

18V IOMm A LOCKCA

AC TESTING INAUITS ARE DAIVEN A 2 1Y 40 ALOGIC ' smG @Y FOR &
AOCIC 3™ TIMMNG LEASUALMINIS AAE WADKE AT 22V 708 o LOGIKC *1° amQ

oonex
umcea

tesT
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WAVEFORMS

| : P BT
{ WHITE TIMING - . | READ TIMING
1 { i
3 I '
? . -
i - ; ! :
. H H o\t
e \t{: z : 5 gy 3 P g
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; — ) q ! N
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PD-9.684

IRGPC40U

INSULATED GATE BIPOLAR TRANSISTOR

« Latch-proof

«.Simple gate-drive

+ Ultra-fast operation > 10kHz

» Switching-Loss Rating includes
all "tail” losses

Description

Insulated Gate Bipolar Transistors (IGBTs) from International Rectifier
have higher current densities than comparable bipolar transistors,
while at the same time having simpler gate-drive requirements of the
familiar power MOSFET. They provide substantial benefits to a host

UltraFast™ |GBT

¢ " Vego =600V |
IC(DC) =40 A
VCE(sat) S 30 V
£ Ers<2.0md
n-channel

of higher-voltage, higher-current applications.

TO-247AC
. Absolute Maximum Ratings
Parameter Max. Units
lc @ Tg =25°C | Continuous Collector Current 40
lc @ T¢ = 100°C | Continuous Collector Current 20 A
lem - * | Pulsed Collector Current @ 160
| Vee Collector-to-Emitter Breakdown Voitage 600
Vae Gate-to-Emitter Voltage *+20 v
v Clamped Inductive Load Current @ 160 A
Eanv Reverse Voltage Avalanche Energy @ 15 mJ
Pp @ T = 25°C | Maximum Power Dissipation 160
Pp @ T¢ = 100°C| Maximum Power Dissipation 65 w
Fs S o e e N
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Mounting Torque. 6-32 or 3mm MA screw

10 in-ibs (11.5 kg-cm) l

Thermal Resistance

Parameter Min. Typ. Max. Units
Rayc Junction-to-Case - -- 0.77
Recs Case-t0-Sink, flat, greased surface - 0.24 -— Kw ®
Reua Junction-to-Ambient, typical socket mount - - 40

67
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Electrical Characteristic @ T, = 25°C (uniess otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVees Collector-to-Emitter Breakdown Voltage | 600 | — —_ Vge=0V, le=250pA -
BVees Emitter-to-Collector Breakdown Voit. ® | 15 - - v Vge=0V, lc=1.0A -
ABVceg/AT,| Temp. Coeff. of Breakdown Voltage — | 083 — | vrC | Vae=0V, Ic =1.0mA’

.‘ . — | = | 30 Voe=15V, Ic=20A g 4.
Vceon Collector-to-Emitter Saturation Voltage | — | 2.7 | — v Vae=15Y, lc=40A
— 1 23] — Veg=15V, Ic=20A, T;=150°C
Vezum Gate Threshold Voltage 30 | — | 538 Vee=Vae, Ic=250pA
ABVggmy/aT) Temp. Coeff. of Threshold Voltage — -13 | — |mMVPC| VeeaVige, Ic=250pA
Ote Forward Transconductance ® 11 - 24 S Veeg=100V, [¢=20A
lces Zero Gate Voitage Collector Current : : 2252% HA z:zjz zzz:ggz ;jj:osc
laes Gate-to-Emitter Leakage Current e — 3500 nA | Vgg=t20V
Switching Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
Qg Total Gate. Charge (tum-on) 35 | — | 67 c=20A, Vo480V
Qae Gate - Emitter Charge (tum-on) 6.5 — 11 nC See Figure 6.
Qas Gate - Collector Charge (tum-on) 5.9 — 33
tatony Tum-On Delay Time —_ 25 - See test circuit, figure 13.
t Rise Time —_ 21 — ns | 1c=20A, V=480V
Lot Tumn-off Delay Time —_ — 190 Ty=25°C
Y Fall Time - — 120 Vae=15VY, Rg=10Q
Eon Tum-On Switching Loss -~ 1018 | — Energy losses include "tail".
Eo Turn-Off Switching Loss — 1.3 - md | Also see figures 9, 10, & 11.
Es Total Switching Loss — 1.5 | 20
taion) Tum-On Delay Time - 25 - Ic=20A, V=480V
t Rise Time — 23 - ns T,=150°C
Latotny Tum-Off Delay Time — 174 | — Vag=15V
Y Fall Time — | 140 | —

- Rg=10Q
E Total Switching Loss - 2.4 s mJ
Leg Internal Emitter Inductance — 13 —_ nH | Measured Smm from package.
Ciee Input Capacitance — ] 1500 | — Vge=0V
Cooe Qutput Capacitance — | 190} — pF | V=30V See fig 5.
Croe Reverse Transfer Capacitance - 17 | — f = 1.0MHz

Notes:

@ Repetitive rating; Vge=20V, pulse width
limited by max. junction temperature

(See figure 12b).

@ Vec=80%(BVegs), Vag=20V, L=10yH,

Rg=1022, (See figure 12a).

@ Repetitive rating; pulse width limited
by maximum junction temperature. .

@ Pulse width < 80us; duty tactor <0.1%.

® Pulse width < Sps,
single shot.

® Kw equivalent to
°C/W.
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Vce, Collector-to-Emitter Voltage (V)

Fig 1. Typical Output Characteristics,

TJ =25°C

2 102 - . A

pot :TC = 150 C s

< p./ 4

5 7

5 /4

o L/

5 10f

= Te = 259C
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e /

S

o 1004

R =

o . T
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T

ol Vee = 100V

- Sus PULSE WIDTH
1075 10 15 20

Vge, Gate-to-Emitter Voltage (V)

Fig 3. Typical Transfer Characteristics

Graphs indicate performance of typical devices

V¢e. Collector-to-Emitter Voltage (V)

lc, Collector-1o-Emitter Current (A)

VeE ] ____‘__._1
To» 0V
108 1ov I e
|sgrrom ;:;;
} o t
r g £
7
10! / -
¥ — 3.0V
? A
/4
[
100—4
I
1 T
{ |
/ 20us PULSE WIDTH
] Tc = 1509C
107!
0 2 4 5 8 10
Vce, Collector-to-Emitter Voltage (V)
Fig 2. Typical Output Characteristics,
T, =150°C
4.0
Vgz = 15V
80us PULSE WIDTH
Ic = 40A L]
) l [P
B ,/‘4’r
3.0
A
LA
LA
|
»
- I = 20A 1]
LA
"
+1 | et p
—"—"———‘
2.0z - I¢ = 10AT]
- ~‘~_~~
10 T 20 0 20 0 60 B0 100 120 140 160

Tc, Case Temperature ('C)

Fig 4. Collector-to-Emitter Saturation
Voltage vs. Case Temperature
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!
0 0 i
%00 Vgg = OV. f = 1MHZ 2 Veg = 480V !
Cies = Cge *+ Cgc. Cce SHORTED | 1. - 20a
Cres = Cqc -
2400 Coes ™ Cce * Coc > 16
. ) A
N £ //
i 1800 -3 ¢ > 12 4
= \ ies] | —
@ T :3 /
) &
= 1200 18
[%3 i o}
C - e
§_ oes & e
& N Lg ‘
600 \\\ \ i 4
N 24Fd
Cres;
LT —
0 0 E
100 101 0 10 20 30 40 50 60
Vce, Collector-to-Emitter Voltage (V) Qg, Total Gate Charge (nC)
Fig 5. Typical Capacitance vs. Collector- Fig 6. Typical Gate Charge vs. Gate-to-
to-Emitter Voitage Emitter Voltage
1 . [
AT T :
, A :
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Lt i ;
L Lgadea u‘/ .
e '\ A } i
2 = | l
N 2efl] ;' ,
~ it ¢{ |
§ N ;/;/” H .
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é y.74 :
4 ¢
= 5.0 //// H
= 1 fl 1 ] i
o [/44 (Y f NGLE P! ' | I_j[—\_‘—
,’E [o.07 B R hESponse) I R
" .
LG.X’ T ’
NOTES: - H
1. CUTY FACTOR, D=ty/ty :
10_2 2. PEAR TyePgy X Zopge * Tc 5
1075 1074 1073 1072 0.1 1 10 |

1, Rectangular Pulse Duration (sec)

Fig 7. Maximum Eftective Transient Thermal Impedance, Junction-to-Case

Graphs indicate performance of typical devices
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Fig 8. Maximum Collector Current vs,
Case Temperature
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Fig 10. Typical Switching Losses vs.
Case Temperature

Graphs indicate performance of typical devices
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VCC = 480V
VGE = 18V

Tec = 25°C 5
Ic = 20a *4

...
@

N

\

L~

Total Switching Energy Losses (mJ)

10 20 30 ) 50
Ra, Gate Resistance (Q)

Fig 9. Typical Switching Losses vs.
Gate Resistance
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Tc = 1509C | /

. |Pg = 10 onMs >
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lc. Collector-to-Emitter Current (A)

Fig 11. Typical Switching Losses vs.
Collector-to-Emitter Current
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R - 480V
L= Wxice25°C
480V 480V
10Q
DUT
Fig 12a. Clamped Inductive Fig 12b. Puised Collector Current
Load Test Circuit : Test Circuit

Fig 13a. Switching Loss
Test Circuit
<~
= A T DUT

* Driver same type
as DUT, VC = 480V

0% Fig 13b. Switching Loss
Lo | | ‘ Waveforms

Els=(Eon*Eoﬁ)
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