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BACKGROUND OF THE INVENTION

15 1. Field of the Invention:

' The present invention relates to a gate driver
for a transistor bridge circuit and, more particularly,
relates to a high voltage gate driver employing current
limiting elements for reducing the deleterious effects of

20 voltage spikes resulting from transistor switch
commutation into inductive loads.

2. Related Art:
Reference is made to Fig. 1 which shows a

typical half bridge poWer conversion circuit employing

25 two series coupled transistors Ql, Q2 connected across a
source of high voltage +Hv, -Hv. In this case, ﬁhe
transistors Q1, Q2 are insulated gate bipolar transistors
(IGBTs) each including an anti-parallel diode D1, D2,
respectively, coupléd thereacross. The IGBT Ql is



-2 -5 ' typically referred to as the "high side" transistor (or

switch) and the I1GBT Q2 is typicdlly referred to as the "l ow side"
transi stor (or swtch). As is the case in practical
circuits, an anount 5 of stray inductance, Ls, exists between the
series coupled I GBTs Q1, @, mh%re Ls may be undesirably
.introduced due to interconnections witlin the |1GBT QL, @ - ‘packages
and/or due to printed circuit board runs. _ The  node U
(between the 1&BTs QL, Q) is 10 coupled to a load (not shown) such that
current may be delivered to and received fromthe-load as i s known
in t he . ' S o i gh ayql ri i.rcuit
(or Yar EVBieplly refsursd oy ne; S phdgh, HiaKisEaRRdE0E B

| GBBT @ on andswiitcin eashddee IGBTaQRoksr bypicghdly teferred to @safplee, a

pul se wi dth nodylat iqpyesi nsf%?%rshgwnkwitch). The high voltage driver
circuit includes first and secon gate driver circuits, Drvl and

Drv2, respectively, for As is thep@agendnbpaacticpdneirsudiks, gane ameungl

and Q2. Gate 2Qf gt a85IiHiRIctan@el 2Rd B3 stBYpBewkRA! vHedgkeikeasure proper
turn on and turn off Characteristics of the | BT

s . Ql, Q@. .
~ The high vol t agevgaes FGBAS Qi &%irt VHSEE h§ may beoHBS%FPHQbQBItage froma
DC supply, Vccinehedadd® dudWto inte¥cdanéctiehs WivBinokhal TSBINEIL iQ2g

vol tage directl 5 fromVcge and the high side.driver,. Drvl, obtains |
~operating voItgégaﬁﬁﬁﬁhjﬂ“ga%%éﬁﬁﬁFﬁbng 5ﬁgt91fﬁglg CaArf, 50 ap circui t
. includes a bootstrap di ofthe Dlagle U (betoeen etllealGBTs @aod@2)oi¥cc and at

ot her el 30 SORPLERE o, = Jeba s BERAR BRBATERRE iRy IR T

- operating vol t dgd iveress tchsaand received from the load as is known in 3 -

- A shunt resistehﬁRgﬁ@ay be included between the -Hv node and the Vss
 terminal of thé high Voltage gate driver circuit.

~ The high voltage gate driAfeshawnpuiat high velsags driverygdricgdti dorat ed"

devi ce, which daéii%%ui)ncﬂy%eai to altethtbip!l Bidk0¢te PREY (AS a3OWhe
~Junction isolated high vol tage gate driver circuits nmay he aqbtai ned
fromtheéS IGBT Q2 on and off in response to a control signal (for
example, a pﬁlse width modulation signal, not shown).
The high voltage driver circuit includes first and second
gate driver circuits, Drvl and Drv2, respectively, for
providing bias current to-the gates of Q1 and Q2. Gate
20 resistors, Rgl and Rg2 may be included to insure proper
‘turn on and turn off characteristics of the IGBTs Q1, Q2.
The high voltage gate driver circuit obtains
operating voltage from a DC supply, Vcc, where the low
side driver, Drv2, obtains operating voltage directly
25 from Vcec and the high side driver, Drvl, obtains
operating vbltage through a bootstrap circuit. The
bootstrap circuit includes a bootstrap diode, Dbs,
coupled at its anode to Vcc and at its cathode to one end
of a bootstrap capacitor, Cbs as is known. The other end
30 ' of Cbs is connected to node U. Thus, Drvl obtains its

operating voltage across Cbs.



Int er hati onal Rectifier Cor poration (El Segundo, California) under

the | R21XX series, | R22XX series ‘and IO ot her part nunbers.

Al ternatively, the high voltage gate driver circuit may be a
"dielectric isolated" device, whi ch devices do not include a
substrate diode. Dielectric isolated high voltage gate driver
circuits may al so be obtained frdmthe International Rectifier 15
Cor por at i on. When the half bridge circuit of Fig. 1 drives
an inductive |oad several problens are likely to result.

Specifically, when the I GBT QL changes state (from bi ased on to

bi ased off), the current tht .col legtor to,20. mtter) falls at
a rate of -di/dt. Since hgg#%gdg%gggg°E ﬁgiWangFvéPc9H§egu%F§ﬁFQH<§keng
- through the | oadHvi hpde and theedwseserminalgbfdtbee hBgh Vodtager gattei n D2

(from an ) will thus ranp up at a rate of di/dt.
. The ranpi ng cur?gﬁyé?dgﬁggﬁqgﬁ D2 nmust flow 25 t hrough Ls, which

|
ranping current causes a Wg?taééhsﬁpkéﬁge gatevAyives ¢drendp meyobe Bs
~having a gol ari byy5beY8n Ys&latedr aa»iEe,e%ﬁ&eﬁsagy;ge%e&ﬁ%1ahetBe ranpi ng
. current through D2 as follows; VIs = Ls[err% i/dt. .
It is noted thaPuRPETARS GLSESneDSHRucBE RREWNa 3gunctisroisodated highut
. down occurs at @olt&geWgabeRriver circustBkinAg Ber bBRhaihedmrt-ba kpad. As
will be dlSCUSS%d in . dgﬁalL belog, t he voItaQ% s%|ke, VIs, is
undesi r abl e. nternational ectlflgr orporation {E] Segundo, _
Si nce di ode D2 batifosnba)anhidalkl yheollRRARK series,f ARZ2XX wektiege atdop,
Vd2 (appyxi mat ) | .t he_voltage. i.s-driven_bel ow
-Hv in r%@ponseg%%eg SaEB gﬁéb9gﬁfagé1§8%§étbygiyrnhb@diléi Nﬁ%gsge ga%e
described by 5driverheifrculibwmay bguat I'dnel¥strivdisoleted('wdevdcehe
magni tude of Vigpis tagv&&EEVdE“BBtgiﬁéﬁﬁgetHaﬂuﬁgﬁkate diode.. When
the high voltage gate driver circuit 1S o e junction isolated type
(i.e., includesDheteptrigt ésolateddhagh, voitaye gatel dxdverpchycvisswmay

tend to induce 2149 be oBHELRBH fheWbthbOoThtephbbioHah RBeci¢hslrate diode
Dsub. Specitically I'sub would tend to flow fromLs, through D2, y

t hrough &ub, aﬁ%rPﬂFﬁﬁéﬁans_back to Ls. If Isubis sufficiently
high, the driver may nal fyRehi @Re(Balf, bridge chigbGhtUBF whigchicawigekesul t

D Get e ORI oo Ll d R ngnh®edbSeh pEcp1bib Sre, JheSly, BB o2bing L
(Vbs) to chargespeghficableh whehdtHanEgBTt Qe bhghgekdetate (from héasbBdvl
(possibly also gguééngiggégsg%%?biEhgiéﬁgként through Q1 (collector to
20 "~ emitter) falls at a rate of -di/dt. Since the load is
inductive, the current flowing through the load will
freewheel through diode D2. The current in D2 (from
~anode to cathode) will thus ramp up at a rate of di/at.
The ramping current (di/dt) in D2 must flow
25 through Ls, which ramping current causes a voltage spike,
Vls, to develop across Ls having a polarity shown. Vls
may be expressed in terms of the ramping current through
D2 as follows: Vls = Ls-di/dt. '
It is noted that Vls may also be induced when a
30 short circuit shut down occurs at a time when Q2 is
sinking current from the load. As will be discussed in
detail below, the voltage spike, Vls, is undesirable.



f&ilure). 20 : When the high voltage gate driver CIrCUIt is of
the junction isolated type or the'diel éctric isolation type, a

| vol tage spike Vs across Ls will tend to induce ~ extra current flow
“through the bootstrap di ode, Dbs. Specifically, current would tend
:to-flow fromLs, through 25 D2, thr% gh Rs, through Vcc, through Dbs,

i and through Cbs back to Ls. Typically, the current |nduced ‘by Vs

- through Dbs is higher than Isub because Vcc and VIs are in-and
additive configuration. Consequently, Vbs ~increases which could
damage the high side driver Drvl 30 (possibly al so causing catastrophic
circuit failure). sipce, diqell DRAOUS LNE.SLEQHLS SHOMERCEE 1 TS
a hal f bri dge circul i %&r Vo RS oeclur¥i i S|n%

- 5 - fqﬂwamd1ﬂﬂhtage e Pp oWEi2 dﬁp@mpxsmathﬂ@eopﬁa$e ﬂuWI bri dge
circuits, high %bd%sshonﬁmg.uaraaget%s 330 drliGell B@1ow -Hy in responselfid ©

the prior art circuit _of sui t use wth

power senlcondu@P@rWﬂL¥a9? Splkﬁ‘¥&§ sd&degd. uNst Baynber Agscaidedrbutifi er

die size 8, the iflolllowitlg %@Ma&ﬁ@@tOW% af vapghexs1di qwhergegnesuch as
I nternational Rectifier die size Accordingly,

there is a needmﬁﬁqﬂ§¥4519qw¥lﬁals tYPlcﬁRéN Pyrhageegies §haReVa@)-cuit
configuration which 10  wherertemhdghheodica ?évgatégﬁilﬂﬁrtbirﬁﬁhQr1%rbfby

L0110 201k Ui A SR 5 072, L, oA
SUMVARY OF THE HNUBHTIGNubB, a voltage splka videwild ¢eardceoeinkece a
di sadvanigges obthene  1suPl k8 ekl (HIBBANERCCRNKEESLOD SLEGM bof the

pr esent RV ENt dn iShcl udes “at | 643 S de
gat ed tran5|stoSp@p@@w@adlwbIB@an@uﬁdl@g@dctpc towa&romsLs, thromghhD2nd

|Qu pover Ler m BaSugh DoCRAIOULSBich bbdpdl to side 4E YahpChECUl!

- havi ng an out put ope conducti on characteri Stl cs of
the hi gh side MeBffdcdently hlgh.aﬁslﬁs%#veanmax Balfugctdopl d&-8i-ede and

capaci't or 1a&@hf gy Ghilch 2ohaat %b%ﬁmtaﬁ.haEEQHEEEoﬁhEB Ehechigh side
~and |l ow side transistors to prqvi,dqe an gperating vol tag ﬁ to the high
- side driver ci r gitfure (i.e., failure ¢ eQﬂoWB?'CFFédP 5 §olPﬁéPu8€§ A- Iow
| side dri yer addiedion, ha\snumg caﬁrrentptﬁuowpeaabée theclbBg@oltage
éconductlon Chara%%§r| tIC%arg' 1g Y Sh ¢h cougg gamage the high side
driver Drvl (possibly also causing catastrophic circuit
failure).
20 When the high voltage gate driver circuit is of

the junction -isolated type or the dielectric isolation
type, a voltage spike Vls across Ls will tend to induce
extra current flow through the bootstrap diode, Dbs.

: Specifically, current would tend to flow from Ls, through
25 D2, through Rs, through Vec, through Dbs, and through Cbs
back to Ls. Typically, the current induced by Vls

through Dbs is higher than Isub because Vcc and Vls are
in and additive configuration. Consequently, Vbs
increases which could damage the high side driver Drvil
30 (possibly also causing catastrophic circuit failure).
Although the circuit shown in Fig. 1 is a half

bridge circuit, similar voltage spikes occur in single



tfansistor; a |ow side voltage source coupled to the | ow 30 side driver

circuit to provide an operating vol t agé thereto, the series coupled
di ode and capacitor being in ' series with the | .ow side voltage
~source; and a stray - 6 -
. inductance located in series with the hggh si de and |OM/ si de MOS
~gated transistors and inducing a current t hr ough the | ow.si.de MOS
gated transistor in response to conducti on changes in the high side
and low side MOS 5 gated transi stors. “The power
circuit also includes a first current limting el enent coupled in

series between éﬁ&séofh§ld8r1d e poM@ftéﬂ?cﬁ?@éCetﬁféetﬁﬁagé0§€110b£§§§€e a
conmponent of th urrent fromthe, stray Ln uctance from

fl owing 10 ?Hﬁ\aghst hgla}cﬂ Fn?B°PH%rc§b‘é‘é‘|l%B$' Rd Bhectike.

current linmting el ement wnenabtnetprb@rcaﬂel@ﬂrc@lﬁe@fealg 1 isbetween

~the | ow power tern%nﬁi Ed t he Iomlg Yf ﬁ source to educe a
conponent of t U THARLEITChr &R ¥iF n§ma er PoRel:fePic ?Eﬂﬁe tfom

- fl ow ng t$roughsihesdledehlaBOupSto Intéenavpomal cdRectifier die size 3)n

aecordence Wiy [ heosRecbedbebls 8 CRPMeL MER! fres, sucn'd' 'S

at | east one higmtsrUQthﬂagaRedthaQS|éierslze 4 and above. at |east one

| ow side MOS gated transi d; & Ss t h i de
MOS gated transistor 5 ﬁEBérg%gg}% to ?%%n%aq% dég %¥1éﬁlt§gcr%§€ %lgh
and | ow lpbg\brVthﬁgﬁagthfGEIWJ-E@@W:@OH iguration which 3 high

side driyggr ci r%fcaaésnshand%aausn%ages OPp@ﬁé’lbéfléP &P@%‘? Conduct' on

characteristic ransi stor;
a series coupléﬂlﬁiﬁﬂﬁlﬁﬂdaﬂéﬁaﬁFtEPec%%¥?Eﬁﬁ%QPs effecty %fb%oﬁ%??ﬁp

arrangenent W tindhet8hed Gbﬂeagédsﬂﬁﬂéé occurrEhdleik [ @New St & Sng Cpdwex| de

. an operating volta e,to the side driver circuit;

a low side dri vet*SHtuit having an output 15 . operable to change

conduction characteristics of the | ow side MOS gated transistor;

a |l ow side volt 4 @L_Eiﬁgﬁﬁ£¥§£e | ow side driver circuit to

provi de an oper% reto, the series coupled diode and -

capacit a5 being in 20 Igeordsrwi¢ hovénrcodmey sheledimddeamt ages cef the
prior art, the power conversion circuit of the present

invention includes at least a high side and low side MOS
gated transistor operable to form a bridge circuit across
high and low power terminals of a power source; a high
20 side driver circuit having an output operable to change
conduction characteristics of the high side MOS gated
transistor; and a series coupled diode and capacitor
configured in a bootstrap arrangement with the high side
and low side transistors to provide an operating wvoltage
25 to the high side driver circuit.

The power circuit also includes a low side
driver circuit having an output operable to change
conduction char;cteristics of the low side MOS gated
transistor; a low side voltage source coupled to the low

30 side driver circuit to provide an operating voltage
thereto, the series coupled diode and capacitor being in
series with the low side voltage source; and a stray



“6a - a stray inductance located in series with the

hlgh side and | ow side MOS gated franststors and inducing a current
t hrough the | ow side MOS gated.transistor in response to conduction
- changes in the high side and | ow 25 side MOS gated transistors;
ca first current limting elenent coupleg in series between the | ow
side vol tage source and the di ode to reduce a conponent of -the
. induced current fromthe stray inductance fromflow ng threugh the
“diode into the 30 capacitor; a second current
limting el enent operable to be coupled in series between the | ow

power term nal iandlictance ldeated indeewibes agethotheechighr eilde eard choponent
Chrough t he di SUE RS He004 pubfts SEoRh "B’ RAGEANS % i end il
a second aspecttlof lde pidedMoSigakeditransistor inhwespossprivvi ded a
power circuit, COMILS{OY changes in th aélé ashd O 6w Shgs M5

% ?eas g

gat ed tran3|stor one om/S|de ated
transi st & gated imRRYiSEOEBries with the hi gh side MOS gated:

transistor 5 oper ablge tHodOF N A1 €0£1 66 rfﬁk‘:iu&éé 0§5fﬂ-§lf‘ Al d

power term nals of a power source; I gh side drjver
“circuit havi ng divikingtelement CQRE}%%IEnt%ﬁ%ﬁ%ﬁd@e%ﬁﬁﬂ%cﬁh%wﬂow side

characteristicsygiftdde sbdhce and thsidPoddSdHdtEdudé adSeShpdnent bf the

a series coupled(flod and capa |tor conflgure boot st rap

arrangenment w 44 EHFE?H ay 1%§¥EF??%%S£%?%r B ovi de

anI operafjo ng valHigegh cchdediode 1ntds1|tgzlfe seAlsacl t ey s:tmigzbruéeconc}1

‘a low side driver_circ put era change.

conducti on ohar ki€ ] inlGhd e ihert Rberatie o B ERuELET, S A Sigs

- 6b - between the aldmvaedle ez agel samd cehe olig eslide \tdsﬂetalgfw

side driver cir r I ,
s?ﬂ%c & Pé(chlg@eag' &Er@ﬁéﬂ;g %ﬁ Eﬁeg nduced é\%&ﬁfﬁ@ fl Com e

series.coupl ed and capaci tor
vol t age source;the stray in uctan@esﬁm@l@nm@d&wemheuﬁdm info | ow

side 35 the capacitor.

Other features and advantages of the present
invention will become apparent from the following
description of the invention which refers to the
accompanying drawings.

20 BRIEF DESCRIPTION OF THE DRAWING
- For the purpose of illustrating the invention,
there is shown in the drawing a form which is presently
preferred, it being understood, however, that the
invention is not limited to the precise arrangement and
25 instrumentality shown. :
Fig. 1 is a schematic diagram showing a half
bridge power circuit of the prior art for driving a load;
Fig. 2 is a schematic diagram showing a half
bridge power circuit employing current limiting resistors
30 in accordance with the preferred embodiment of the

present invention;

THIS SHEET HAS BEEN
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This Sheet Has Been Replaced




and high side driver circuits, a cathode of the substrate di ode
bei ng connected to the junction of the di ode and the capacitor; 25

a stray inductance located in series with the ~ .high side and | ow si de
MOS gated transistors and inducing ' a current .through the | ow side
MOS gated transistor in response to conduction changes in the high
side and | ow side MOS gated trangistors; 30 - a first
current limting element coupled in '~ series between the low side
vol t age source and the di ode to reduce a conponent of the induced
current fromthe stray inductance fromflow ng through the di ode
into the capacitor; 35 . a,second current limting

el enment operable to Fige 2BubPed FRheBRbic Biagkam shewing goeer

termnal and embodiMéntOBEStHE ¥PESESE SRVEREiILA ésgaﬁﬁeaofoim@nfﬂtaof
t he i nduced current.frogiég fl ow ng

e, stga%ei ndu:ft anfe rom . _
through the di RR¥$ht 5 ¥HBLEa otacipdeggnultiple bootstgapheigcwifsent
limting el emerdndoupled in series fromthe | ow power termnal to
t he substyate diode .10 duce_ a_component .of the induced current
fron1the§‘ stray indﬂﬁganég *56%1ﬁ%%gﬁigl?H?bﬁ%ﬁaThﬁﬂgﬁb§$r%Fe di ode
into the capaciabrernate embodiment of | thacppesemnteiniréht iohhcagabspest of
the present iny i on, re. i Vi . _
power circuit,‘%%%p?ﬁs?n%?wer ciPELf whicH i?ﬁ?%geﬁiEHlE%H%ehEQPEEEE%P
transi stors; circuilts. - three l'ow side MOS gated transistors, each
| ow side MOS gated transistor being coupled in series with 5
respective ones of the high side MOS gated transi stors
- 6C - G a1 QP ERATLEVR DN, LA INVENTION across | ow
power tergiinal's of a powere@HELAG now to the drawingS'WRebéfh Bide driver
circuits each having%fn . s oui ut operable to change conducti on,
characteri sti cS'Yreapls indicate; HHRMeRR, VERSHSt 28 FRAMR| TR oFLg. 2
three pairs of bsemps Bﬁﬂ@é'edpdiJ@flfch&wbrsion ci_?ﬂﬁ@i;i:tl)o §i:15§tlér1]1§§ir.]§1]_:%ngedd
in respective bootsirap c igurations w.t egpectjve_hi side_ an
| ow si de S%W%égrs?%rtg?i%@ggé?f%%ﬁﬁ§cff91ﬁ%v?ée5$%3p£Ct?§% § that
operati ng vol t agesremt t himi eipgcelemeit gh(prefexhblerresistors) rRbs tand
three | qw side i v, eciﬁéfﬁéédeaCh having an - out put operable to

[

change conduction characterisiics of . the respective |ow side MOS
gated transistors; 20 Specifically, |avEirsle cwrrege Liwmitingoepérent o

the Iow B Se L5 ¥RE16EES VLA Sod O d¥ WhAlGe A1 SN ALL "SbY OLS 2PEmit
.the current flow induced by Vls. Rbs is preferably

e

B
WX Ca-

chosen such that Rbs-Cbs >> t1, where tl is the period of
20 time when the current is ramping up in D2 at the rate of
di/dt. It is noted, however, that Rbs has an upper limit
which is dictated by the charging requirement of Cbs
during normal operation. In an application using the
IRPT2056C high voltage gate driver circuit (obtainable
25 from the International Rectifier Corporation), an Rbs
having a resistance value of about 1 Ohm worked
satisfactorily. _
A second current limiting element, Re2, is
preferably included in series with the substrate diode,
30 Dsub. It is preferred that Re2 be located in between -Hv
and the Vso terminal of the high voltage driver circuit
as shown; however, other suitable locations for Re2



t heret'o, the respective series coupl ed di ode and capacitor circuits
being in series with the | ow side’ * voltage source; 25

stray inductances, at |east one stray i nduct ance |l ocated in series
wi th each high side and | ow side MOS gated transistor bridge circuit
- and inducing a current through the respective | ow side MOS.gated
“transistor in response to conduction chénges in the 30 respective high
side and.| ow side MOS gated transistors; a |least-one first
current limting el ement . coupled in series between the | ow side
vol t age source and at | east one diode to reduce a conmponent of the

I nduced current froma respective stray inductance fromflow ng 35
through the di 08818kt ofOke exe8pderi PetWssRc g Vo terminal of the A ond

current |imtingogkagendsieRer aireuie and thee jupiRlies i0F THd emdeigaeen

the | ow power term nal an . t he | ow.side voltage,.squrce to reduce a
conponent of the ingﬁged‘scEFFgﬁFag}gmcF@?ﬁé‘ctsi %R% Saices
from 40 f | onipgwhereugh tibetHieoperinvtioofhe imep&tiedthe current is

- 6d - . . r _fe r nd .ady ages,. of, the present

i nventi on>wi | | Eg@g%élgablﬁaﬁgn?%f ?gmg%‘ﬁe%%% 8Vj\fli %d‘?ﬁtt S'[tdé"fcﬂ 9%n of the
i nventi on whi chhowtses,t thelteRe2 has aocuppemyildgidr sbiinds.is dxtateBRIYEF
DESCRI PTI ON COF : - . t r ' trating
Cho i nvention The 896K Heive cining requirelBnc 8% B RS ddsdtd
presently oppratdered, Int thei aAgpligariovodsingndher IRATRA0SEG: high

i nvention is noyohkgykedate WRevRLeciseudt! aBACHRA! haRkdndP a resistance
instrunmental ity shown 1 s _a schefatic diagram

showi ng &Chal f " value bﬁr?@@BtpamgpméiWEEE%gbﬁaFﬁéfﬁFﬁﬁr%%ﬂ-fcn driving a
| oad; o Fi gith refarenfentbi eigkagna) thewdthady A fa
br1 dge pover. clLguELaSibl Q410 opptenl LLIELES.T S5 2091S Wng Aradsn
by a common Vcc supply. In such a case, a plurality of
current limiting elements Rbsl, Rbs2, Rbs3, etc. may be
15 coupled in series with a plurality of bootstrap diodes
Dbsl, Dbs2, Dbs3, etc., respectively. Alternatively, as
shown in Fig. 3b, a single current limiting element Rbs
may be coupled to a fanned configuration of bootstrap
diodes Dbsl, Dbs2, Dbs3, etc., where the diodes are each
20 coupled to the Rbs element at their anodes.
Advantageously, the power conversion circuit
employing the current limiting elements of the preferred
embodiment of the present invention limits the substrate
current Isub, thereby improving the immunity of the
25 circuit to voltage spikes which develop across stray
inductances.- Similarly, power conversion circuits in
accordance with the present invention have higher
immunity to di/dt rates which enable use of larger IGBTs
for higher powe£ ratings. In addition, the present
30 invention allows for using the bootstrap power supply,
Vce, in combination with a high side driver resulting in

lower costs and circuit size reductions.



= 7 - Fi g. 3a is a schematic di agram show ng one
enbodi ment of the present invention chpable of use in a power
circuit which includes nultiple bootstrap circuits; and 5

. Fig. 3b is a schematic diagram showi.ng an alternate enbodi ment of

| the present invention capable of use in a power circuit which

. includes multiple bootstrap circyits. DETAI LED DESCRI PTI ON
OF THE | NVENTI ON 10 Referfing now to the drawi ngs .wherein

i ke nuneral's indicate |ike elenments, there is shown in Fig. 2

a half bridge power conversion circuit 10 substantially simlar to
the half bridge circuit of Fig. 1. except that current limting

elements (preferably resi ﬁieﬁé%?ﬁbéhé‘ YhrdSent uli?@gn@isnl sk ugeen

Specifically, a first current mting el enent, IS |gclud din
series connect idgsekibedbint selakion to Par%*ﬁ#%%?r%ﬂpoﬁFBﬁPFﬁdE gHeBy VI s.

Ros is prefer a%é/ny otherCOQi‘EQtﬁé'ﬁ@ éﬁ'@tm&ﬁfﬁééﬂ:ﬂbﬁs>§nalothéer askd i s
t he period of

t t t
of - "°" %) dwill paceme oaDPAERRY chO  CHRRS rEkE hLSIaAHUEhE, SFFmi 16 157 ©

whi ch is gli ct atede Pyri8Q, Cﬁﬁéﬁéﬁ@ré?QUhé@nﬂmé Presbht 1nventﬂunlhg nor ma
operation. In an, applicatio

driver circuit ¥HpiesdaBPE 58 “ghe ?P%ﬁ%fﬁ% ?h§gf¥%y$§ﬁ§% Ctlghgagglgate

~ Corporation), apyRbBe appendbdvibgimsresi stance val ue of about 1 Chm wor ked

"~ satisfactorily. - A second current linmiting element, Re2, is

~preferably included in series with the substrate di ode, 30 EBub. It is
preferred that Re2 be |ocated in between -Hv and the Vso term nal of
the high voltage driver.circuit as shown; however, other suitable

| ocations for Re2



exist, for exanpl e, between the Vb term nal of the hig
driver circuit and the junction of Dbs'and Cbs. l:l\ul““"!
ere

T

- preferably chosen such that Re2[err] Cbs >> t1, L
period of time when the current is 5 ranping up-in D2 at the rate of
di/dt. . It is noted, however, thfhy Re2 has an upper limt which is
di ctated by the gate drive timng requirenent of @ during nornal
operation. In the application using the |IRPT2056C hi gh vol tage gate
driver circuit, an Re2 having a resistance 10 val ue of about 2 Chns
wor ked satisfactorily. ' Wth reference to Figs. 3a, there
may be a wHAY ais toLAIBMED ,1d:hree) bootstrap circuits being supplied
by a conmon Vcc supply. In such a case, a plurality of current
limting elenments Rbsl, Rbs2, Rbs3, etc. may be 15 coupled in series

with a plurality of bootstrap Adipmes circuitDbsbmgislindgbs3, etc.,
respectively. Alternativel N i si.ngle current
limting el ement Rbs ak r%‘ge?/ast}e oéloeu;g’ls"‘gg%\l\%&d% Eg%néa%ceonfqéfﬁ*ﬁ%%bf _
boot st rap di odes Dl lepiss2 onghddw sticle Mfergatdd tiaguebstor each
20 coupl ed ugh.%&%l SR Aler Rele B3RS de MOS gated transistor
Advant ageously, t power conversion circuit enp é§]ng t he curren
liniting & emencpesiahlife t& dicm & bridge cdmsyditnaarass thiglprandntow

invention limtg$die HRMIRAIE of a powdr @urkeub, thereby inproving the
immunity of the 25 circyit to ,voPt age spi kes which devel op across stray

i nductances. Sinilarly, pé&wdibfidesogiverr cdrcdtiity having aft QutRiHee with
the present invepdreblave HigiRfe conductiidildhiatact ehisidalss vk High
enabl e use of Iar.%er TS fqr hi gher power ratings. In addition,
the present 30 519§ 935EhI SRS EEC dsi ng the bootstrap power supply,
Vcc, in ae@nbination with a EHahies douwliedediovdeulandgdpacitor ¢canvkiguwensd s
and circuit size_redycti.q . . s - Qs
Al t hough the pr g‘?e%t 'i’lor?\};esrr%tsrlaé)n AEengs ﬁn&eg rtlhbé%’el r?lrggf aﬁli%en %I%)d p]a?"fi cul ar
enbodi nent s t hersddle, tnmmsistioars \tar paovdde and opediaftiicsy ivoidagel tos Here uses
w |l becone appg{i%@‘t did Iq}%.%es.:kiéi'r%‘hitn the art. It is preferred,

€

therefore, that present invention Dé linited not by the specific
~di sclosure herein, but onldy ey ideagydvead cikgiid. having an output

15 operable to change conduction characteristics of the low
side MOS gated transistor;

a low side voltage source coupled_to the low
side driver circuit to provide an operating voltage
thereto, the series coupled diode and capacitor being in

20 series with the low side voltage source;

a stray inductance located in series with the
high side and low side MOS gated transistors and inducing
a current through the low side MOS gated transistor in
response to conduction changes in the high side and low

25 side MOS gated transistors;

a first current limiting element coupled in
series between the low side voltage'source and the diode
to reduce a component of the induced current from the
stray inductance from flowing through the diode into the

30 capacitor;



;:'i rlgwt conpri si n\g;\:HAT 'S oA NED 'S at. | east one hi gh ﬂu“mmﬂn"mi“l“‘

tran3|stor at | east one l'ow side MOS gat*ed®trhnst st’or *
coupled in series with the hi gh side MOS gated transistor 5 operable to
forma bridge circuit across high and | ow power termnals of a power
sour ce; a high side driber circuit havi ng an out put
operable to change conduction characteristics of the high " 'side MOS
gated transistor; 10 a series coupled diode and capacitor
confi gured in a bootstrap arrangenent with the high side and | ow

side transistors to provi dae an.9 agr aE{\f,%g‘t Ita 3&9 g&%ﬁlentt ﬁgergﬁcﬁg %I de

driver circuit; Freul Vi ng an output
15 oper abl ebbocmqﬂgni cign ceextiiesn bettaesat &hesﬂmp@W&h&emnal and si de
MOS gat ed tran5|§§05 w side . volt%ge sod}ééj E@ﬁu&gl5a%%m@85%5% g&ueh@d to
the | ow r'i Ver circul provi de an er at

thereto, the senm@nqaduﬂuerﬂQxﬁ¥QMNth@aﬁ&@ﬁﬂbnnﬂépﬁQHQ¢ gom fl@@ﬂhQS Wi th

the | ow gide volt3as, diode into the capa@itbidy inductance |ocated in
series vmg%-’h t he gﬁph{-{}&ﬁ sjl’odee alnd | ow stgal\/%)S gated transistors and _

I nduci ng a current through the I ow side MOS gated transistor in
response to conduction changesrie ﬂdmwdi&cﬁllféeo&nélhqw 43 wher&llehetM@S
gated transistors; fiirst current limtin

‘coupl ed in fir §¥R|Q%¥4ﬁRWw%%W#§ﬁ§9 &heQegt 3§ Paddrsbure 1§ﬁﬁriﬁ8dd|ode
to reduce a conpoRerieddnd lsurdrehic admiwingnelemeritt A& a secondt registor.

i nductance fromflow ng through the diode into the 30 capacitor;
3. The power circuit of claim 2, wherein:
the induced current from the stray inductance

has a time duration,
the first resistor has a first resistance,
5 the second resistor has a second resistance,
the capacitor has a'capacitance,
the product of the first resistance and the
capacitance is substantially greater than the time
duration, and
10 . Ehe product of the second resistance and the
capacitance is substantially greater than the time

duration.

4. The power circuit of claim 2, wherein the
first resistor has a resistance of about 1 ohm and the

second resistor has a resistance of about 2 ohms.

5. A power circuit, comprising:
at least one high side MOS gated transistor;
at least one low side MOS gated transistor
coupled in series with the high side MOS gated transistor
5 operable to form a bridge circuit across high and low

power terminals of a power source;



a’'second current linmting elenent operable to S
bet ween the | ow power term nal and *  the low side k'lmmulml“] |m
- reduce a conponent of the i nduced current fromthe stray imdadctance
fromflow ng 35 t hrough the diode into the capacitor.

2. The power circuit of claim1l, whereihp the first current limting
elenment is a first resistor and the second current limti.ng el enent
is a second resistor. 3. The power circuit of claim 2,
wher ei n: the induced current fromthe stray inductance
has a time duration, the first- resistor has a first

resi stance, 5 a hlghessda@odtﬂw@ﬁiesi@dsuilﬁsmvﬁsﬂgom dsesjpﬁtance
.the capacitor has oduct

e b ong ClifatSTROEL B850 conduct ion PharaebFrLPLSS cofl kR high™

Ctime dursiderMO&nglati€d transistor; the product of the second-

e NE M arion, 2 CBEREEAR6E1 S NP E TG, cpBLEELE SORRIGhESS
wherein the in afboststespsavrahgement cgich avhe bighbsﬂdelandniawd t he

second resi storgfigs eydgs stapeersipAbPtie 2p eratin ge to thd A

power circuit, Conp east
gat ed tranmfﬁ(hlgh 51de drlver cireqit past one Iom/S|de NCS gat ed

transistor coupl edyi flogesigs dbived heiPheit sza&elﬁgsaﬂaéﬁépaﬁaw stor

5. operable to forn1a bridge circuit across hi power
termi nal’® of a QRFR ble Feecchange conduction characterlstlcs of theidow

~a high side ng&ﬂe(M@gUg&tQ@Vtﬁ@h@&g@&&put operabl e to change
conduction characteristics of the d trans stor

e
a series coupled diode and aﬁ}@%r&g;ﬁﬂgfuﬁ?RFce °°upfﬁé LPobhst +9
arrangenment w tsmdéled:higarscﬂfcam towrovide md@éfaﬂmgtwstageprow de

an operatlng Vm%ﬁé%@% tgb series coupled diode and capacitor being in

20 series w1th the low side voltage source;

a substrate diode coupled between the low side
and high side driver circuits, a cathode of the substrate
diode being connected to the junction of the diode and
the capacitor;

25 é.stray inductance located in series with the
high side and low side MOS gated transistors and inducing
a current through the low side MOS gated transistor in
response to conduction changes in the high side and low
side MOS gated transistors;

30 a first current limiting element coupled in
series between the low side voltage source and the diode
to reduce a component of the induced current from the
stray inductance from flowing through the diode into the
capécitor; ,

35 a second current limiting element operable to
be coupled in series between the. low power terminal and
the low side voltage source to reduce a component of the
induced current from the stray inductance from flowing
through the diode into the'capacitor; and



zr;Ing(r)]utSng'ta (iir5| ver glpe(r:;ialte to change cobnduct |ao|nO\(,:VhZ|r ggmllmﬂluﬂmwmu“%@ng

side MOS gated transistor; a | ow side*voftale Sodrcé
coupled to the | ow side driver circuit to provide an operating

vol t age thereto, the seriés coupled diode and capacitor bei.ng in 20
series wwth the | ow side voltage sour Cel3 - a substrate diode
coupl ed between the | ow side and high side dri-ver circuits, a

cat hode of the substrate diode being connected to the junction of

t he di ode and t he capacitor; ©oa stray i nduct ance

| ocated in series with the h d.l OM/SI

transi st é:as and i nduci ng a thlr% %‘U%eer%d]t ﬂ: grhq tehle oW si é’gﬁﬁg gat ed
transistor in sezies efpumsthe olaorphws dmmrhange$q rthdwesuinsg}raé:eddi&@_
| ow s! de,{t%e%ﬁ&(géj d r@&ﬁbéﬁ&é o§Q:l'bet1nduce rr% g Hee Nt

limting el enen series wee OM/SI olta e

source and tkm3($Un&y 1nduct4@ceeﬂnwe Blowins fdmousgh tQhﬁlﬂﬂhﬁﬁﬁﬁﬁﬁj

fromthe W dé%@@f@ $romflow ng through the diode into the
capacitor; 35 I nd se%ond current limting element operable to

be coupled in series between the | ow power term nal and " the | ow side

vol tage source to reduce %Com@%w&f di¥cuit of dIHUCEr GiHeIN fulem the
stray inductance fromflow n 19 hrou“(\gh t he di ofde into the: capa%tor
and first current limiting element; is t resis

third current |igAd igkren@r@ntrentiplafiting elemergeries fseunria]&d:-msmmer
termnal to the substrate diode to reduce a conponent of the induced:
current fromthe stray inductance fromflow ng through the substrate
di ode into the capatitdrhe power circuit of clhinTie, pdwsreigircuit of

Cecistor and - the scushl IR SRR i OF She Fikey, Sldciioe

resistor. has a time duvatiom, power circuit of claim®6, wherein:

the induced current fron1t@§ SE{ Y 'EEQEEEEE*has a fleE;fbéléEéﬂ&Hai'on
the first resistor has a flrst reS|stanc
5 the second resistor has a second resistance,

the capacitor has a capacitance,
the product of the first resistance and the
capacitance is substantially greater than the time
duration, and
10 the product of the second resistance and the
capacitance is substantially greater than the time

duration.

8. The power circuit of claim 6, wherein the
first resistor has a resistance of about 1 ohm and the

gecond resistor has a resistance of about 2 ohms.

9. A power circuit, cOmprising:
three-high side MOS gated transistors;
three low side MOS gated transistors, each low
side MOS gated transistor being coupled in series with
5 = respective ones of the high side MOS gated transistors



5 ' the second resistor has a second resis ‘““L“““ '
the capacitor has a capacitance, ’ t he ﬂnmu“"ml st
e

resi stance and the capacitance is substantially dgreate¥ thart tHe
tinme duration, and 10 t he product, of the second

resi stance and the . capaci t ance Ei substantially greater than the
tinme duration. 8. The power circuit of e¢laim®6,
wherein the first resistor has a resistance of about 1 ohm and the
second resistor has-a resistance of about 2 ohns. : : 9. A
power circuit, conprising: three high side MOS gated

transistors; operable to forhhERBel OMLsh&e é@?&@fﬁ@daéfé§§iﬁi?ﬁsanéaCh
| ow si de %CS gated transi stor_being coupled in series wwth 5

respective onesl®f PP¥eH| BRTEiBRLRIRL At ROVEF FRVEESI S

- 14 - ~oper abl ethpeé Ohiyh s £8e DiL DEEr Ck1 Bl €s 6468 ShaN Pilg aadl

| ow power termnals of a power source; . t hree, hi gh Side
driver i rcul { ORERHE haReRgbLn 0 Change: conduciiom chaBACFERRELBRAREL | on
charact exg sti csreépdftive highesidyeMbs gasedecdbsfatetstransi stors;
three pairs of series coughed di ode ang . C%ﬁ&fiéoé'cérCUi s arranged
I n respective bootstrap ree B%h??gﬁ aTTONES Wi ; % p P72 gh side and
| ow si de capaniterocibcuilye srranged im pespeciiveshectsvreags
operating volt . p V. | ' |V, | rCULLS;
three | ow si dea%ﬁ%}égu%igg%éﬁ% s$£%% hfﬁ%g%fg%%géﬁ E{%%t%ﬁ? %%dér%#ée to
change conduct i brassbster ebridgescircuits toipreovidpecrespectbvesi de MOS

gated trngiSFQ§§%€§Qin volta%es toatﬁgwkééﬁgbﬂf%éaﬂf%ﬁpgiﬁéd?999éfd to

the | ow 1 driver cirCuits to provide an operating voltage
thereto, the re®Pee¥+V®iseries coupled di ode and . capacitor circuits

being in series with the tRKesi U6w side A¥PYEAIEiPOUIES: edEh having an
'stray inductances, at |east  one str i nduct ance located |[n seLies

a
with each hi gh Q¥R anEPEERPIE to clggme MERRYSFetPR rGRRTIELREHPTHER R rcui t

and inducing a the respdcttné 1bwosidle IMESTIespedttvnsdseorde MOS gat ed
transi stor in response to Cfnduct%on cggg es_in_the 30 led égsgggtigg hi gh

side and®y ow si de MOS gatBd PV afisPst Brstage source coup
side driver circuits to provide an operating voltage

thereto, the respective series coupled diode and
capacitor circuits being in series with the low side
voltage source;
25 _ stray inductances, at least one stray
inductance located in series with.eééh high side and low
side MOS gated transistor bridge circuit and inducing a
current through the respective low side MOS gated
transistor in response to conduction changes in the
30 respective high side and .low.side MOS gated transistors;
a least one first current limiting element '
coupled in series between the low side voltage source and
at least one diode to reduce a component of the induced
_ current from a respective stray inductance from flowing
35 through the diode into the respective capacitor; '
a second current limiting elements operable to
be coupled in series between the low power terminal and
the low side voltage source to reduce a component of the



a |l east one first current limti ng el enent m"““ mm bet ween
the | ow side voltage source and © at | east onﬂw n

conponent of the induced current froma respecticvetsttay i fductance
fromflow ng 35 t hrough the diode into the respective capacitor;

a second current limting elements operable to be coupled in series
bet ween the | ow power term nal and = 15 the | ow side voltage source to
reduce a conponent of the - 15 -

i nduced current fromrespective stray inductances from 40 fl ow ng

t hrough the diode into the capacitor. 10. The power
circuit of claim9, further conpri si ng: three

substrate di odesindired @arrente ﬁﬁ%ereSPeCtl\fﬁélfmijmum@wmmﬁrom

respecti g | ow sils, Al fhsbugh d@he Fan.ode HHME e ISapdSitdespective
cat hodes of the substrate di odes being connect’ed to respective

junctions of the di odes and the capacitors; t hree

first current limting el en@nt SThe power lEisRAGH \&fdla@im oUr riR{¥tHdyT i Ng
el ements being corﬁéed 10 in series fromthe | ow side voltage source to

respective WdE9 b reduce respective conponents of the induced
currents fromthe stray i rmmarmﬁa?stfrane fd iavd ey, tclir[emlﬂlbstrate dilwidi odes
into the respectb V.. capaci i,r.d.cur.r

limting el ements, f5 ©OUP eé %t[we;/ R TRES ttfr‘feer;to"flsrﬁ‘{ee illﬁ%hts& |ng
coupled 5 idriseay e:snfccmshardspeqjxmer dadrhnded o trl'es;mﬂ:tsnnate

substrate di odegg;t &é;%ﬁﬁmes {dromf L ét;ﬂ}fe tﬁﬁ"c{tﬁ'ons d%‘q}h%ed

currents fromthe stray 1n
substrate di odesliades tand richpccapaqitoys; capam tors.

three first current limiting elements,
respective first current limiting elements being coupled

10 in series from the low side voltage source to respective
diodes to reduce respective components of the induced
currents from the stray inductances from flowing through
the diodes into the respective capacitors, and

three third current limiting elements,

15 respective third current limiting elements being coupled
in series from the low power terminal to respective
substrate diodes to reduce respective components of the
induced currents from the stray inductances from flowing
through the substrate diodes into the respective

20 capacitors.



