2149249 Sem conductor Drive CIFCUIt Thi s |nvent|on relates to a drive

circuit for athree 5 electrical contact sem conductor that ensures .
optimumturn-on and turn-off tine rates for the sem conductor. Qur S
capendi ng Patent Application No. 2082002 di scloses a drive circuit coupled/ :
to el ectrical devices connected.in parallel in a circuit network, which
circui-t ensures 10 - that the individual times of the respective

el ectrical devices are nutually identical” 33

“regards turn-on ti
turn-off tinmes and total on-tine periods. It has been | ong recogﬁfdéhZQEQt
when hi gh power |evels are sought to be transmitted through a

transistorized Jfgemfégnéyétéguﬁgﬂy% RQYEN, 5 atlng of individual transistors
avai | anfe for us€TH SUCh & ¢ircdit 15 |nsuff|C|ent t hen hi gh power

operation can be obtained by the parall el connectlon and- operation of | ower
power rated transistors. The enploynment of transistors in parallel 20 in

such circuits is mpls Wl dY ¢1ees tHQ RIrqklecBl raug tVEoired anded
number of these probl ens have been recognized and apparently successfully

treated. |nvegteremdcteiddlscaitavt dembcdndpbent that ehagresheptdmtm anshedor s ar e
operated-in parallel and fromtine-to-time due to 25  excessive current
t hrough the transasl eansn-cffiecive aradies t fimrs the semidonductor.

‘our copending Patent Application No. 2082002 discloses
a drive circuit coupled to electrical devices connected
in parallel in a circuit network, which circuit ensures
10 that the individual on-times of the respective
electrical devices are mutually identical as regards
turn-on times, turn-off times and total on-time perioés.
-It has been 1on§ recognized that when high power levels
are sought to be tfansmifted through a transistorized
15 circuit and the power rating of individual transistors
' aQailable'for use in such a circuit is insufficient,
then high power operation can be obfained by the
parallel congection and operation of lower power rated
transistors. The employment of trahsisﬁors ip parallel
20 _'in such circuits is not wi;hout prdblems. The problems
are variea and a'number of these problems have been
recognlzed and apparently successfully treated Inverter
circuits prov1de a typical setting where tran51stors
are operated in parallel and from time—to-time due to
25 excessive current through the transistorsf ﬁhe transiétors

burnout.



- Hi storically, these inverter circuits have been provided wth excess

urrent protective circuits.

wf or d)

Nt Transistors in thesé circuits nmust be

ully matched, otherwi se one of the transistors will take over the 5
“'oad of the output current and be destroyed. US Patent No. 3,056, 09w
recogni zes this matchi ng probl em and provides a sol ution that

provi des bal anced current through a nunber of transistors connected in
parallel to a load. The balance is 10 achi eved by connecting a resistor

in seri gy gddidala yashedeL vt el AaduiltsAhEvdl Yeen The val ue of each of
these resistors independently controls the base current for

transi stgroviliés witle Rty critlent pivald
each of the transistors to be adjusted so that each transistor contri
subst antTransi stmrad iy tuhetsee coirtopuitt s oo tC ler eairefodil vt Ratgheld)e

its associ ated
ces veheikasg ely¥.as currents

15
Ut es

transi stors used are not matched. The Crawford patent therefore recognizes
the steghhenwitse mferthand itngnsdsdisits will0 takef averutdher of unnmat ched

~transistors operated in parallel,

but does not recognize that the turn-on

andst ur there thaRss off thee QutRYS Swrenmpnd Peedegtdayiest- t he transi stor

may burnout_shoul d a sjngle transjstor tyrn conpletely_an before another.
Simlar Itﬂ;-gat%gﬁq‘o%&%éf or%iy (E:lfraﬁ’({?trdilif rz?"t"g‘ﬁ'éesst (ﬁh"tsur ns conpletely
of f bef glat I Hroblbn WBEHrA ded B° ARG IRedilagy o naf ter

10

15

20

25

provides balanced current through a number of transistors

connected in parallel to a load. The balance is

-achieved by connecting a resistor in series with the

base electrode of eagh transistor. The value of each
of these resistors independently controls the base
current for its associated transistér. This
independent control enables the base bias currents of
each of the transistors to be adjusted so that each
transiétor contributes substantially equally to the
output load current even though the transistors used
are not matched. The Crawford patent therefore
recognizes the steady state power handling capébility
of a number of unmatched transistors operated in

parallel, but does not recognize that the turn-on and

turn-off times of the transistors may differ and that the

transistor may burnout should a single transistor turn
completely on before another. Similarly a transistor

may burnout if a transistor turns completely off

before another. The invention to be deséribed hereinafter



r'ecogni zes the turn-on and turn;off problem and provides enhanced turn-
and turn-off rates for a seniconductor, enabling the burnout problem,
such periods to be controlled. 5 US Patent No. 4,099, 255 (Nygaard)
recogni zes the need for a current protective circuit for an inverter
sem conductor control elenments. The Nygaard invention is based on the '
di scovery that burnout of sem conductor control elenents in circuits that
enploy 10 -an excess current protective ctréuft is tied to the fact that
di scharge currents in filter condensers ip the control circuit _are the

cul prit invol veFeSPaiges &he WMmAR andtygReff poekhem ABe BrPVvideshe
Crawf ord, pat ent not ed above, corg;gi ns itsqe)%% Wi th Céjrrent detection 15
and confrol whi PEhERESHFRER19, VIS FREeSit 96p|?ca§?ﬁﬁ°?ﬁ§§5§?rrs

di rected recognizes .t.hat .the excess. current pcoblem nay. be resglved if the
Lransi tors oper SEEPYHRGAHA BAHCHE (R oRLeR (SRR R4 PPELREE 61 t nei
total on-tine &ddi t on-tinme includes a 20 mat chi ng of turn-on

and turn-off trggé or%Fﬁg' ransi stors. Al of the above attenpts to

provi de excess current protective circuits, including that of our British
Pat ent Application-No. 2082002, woul d be enhanced by inproving, the turn-on

and turn-of g rapds pafeddte N, 4,099 ,Cﬁﬁupﬁﬁéard) also recognizes the

need for a current protective circuit for an inverter

with semicpnductor control elements. The Nygaard
invention is based on the &iscovery that burnout of -
semiconductor control elements in circuits that employ .
10 an excess'current protective circuit is tied to the fact_
that discharge cd}renté ih filter condensers in the
control circuit are the culprit involved.in transistor
burnout. The Nygaard patent, not unlike the Crawford
patent noted above, concerns itself with current detection
15 and control while the.invention o0 which our Patent
Application 2082002 is directed recognizés that the
excess current problem may be resolved if the transitors
operated in parallel can be exactlj matched in respect of
their toial on-time whgre.the.total on-time includes a

20 matching.of turn-on and turn-cff times for the transistors. -

All of the above attempts to provide excess current
protective circuiﬁé} including that of our British Patent
Appiication No. 2082002, would be enhanced_by

improving. the turm-on and turn-off rates of the

25 semiconducto:s;



-4- According to the invention, there is provided a drive circuit for a

three electrical contact seniconductor in a circliit having a power source

annected to a first electrical contact of the sem €onductor and a load 5 .

' ted to a third electrical contact of the sem conductor. The drive

t includes a logic signal source. A positive feedback circuit -is

S riclly coupl-ed between the first electrical contact and a second

el &ctrical contact of the sem conductor. 10 A resonant, inpul se current

turn-on circuit is coupled to the second electrical_ contact and is

cont r oRFERFBENGh&ED SBec inVeRKioDeutheren is Rrankded @A urrent  turn-of f

circuit is coupled to_the second electrical contact and is controll e-@y

the | o§iECYignEPLs @y thEee) sleckricad  cantast SARIGORINGEIR Rrcuit i5

optionally al so coupled to the second el ectri Ceg contact and is controlled
SEFEudfhavs cqRRASF

by the®l §4FEUEy BGuPc POVRT FONFSS &2 3 f%e bias circuit is

et oo gkeBy R UBARe! Bl Bhe SR IA G A LA O 1o 20
pa t/\lyﬁ%éagﬁgtregplt %u_li._ﬁ-j_?,g %& thWi'&'aﬂf fcotr{ﬂggcr%gécﬁstﬁeor t he sem - conduct Qr.- |

gure epi Cts rive Circul I g the invention; 25

Fi gur eghfii ban@lctlrUSt Tk Qi 21Feui®S iTkSIUEEY 4 Wy
signal source. A positive feeéback- circuit is
electrically coupled between the first eiec’:tfi_cal contact
and a second elet:trica;l. -contact of the semiconductor.

10 A resonant, impulse current turn-on circuit is coupled
to the second electric_ai contact and is controlled by
the 16gic signa_l source. A resonant, impulse current
turn-off circuit is coupled to the second electrical .
contact and is cqntrolied by the logic signal source.

15 A fixed currént level turn-on circuit is obtion_ally
also coupled to the secoﬁd electrical contact and is
controlled by the logic signal sourée. A turn-off
steady state reverse bias circuit is optionally also
coupled to the second-electrical contact and is

20 | controlled by the logic signal source. The foregoing
drive circui.t” paticularly nipid turn-on and turn-off

time rates for the semi-conductor.

DRAWINGS:
Figure 1 depicts a drive circuit embodying the invention:;
25 Figure la is an_iilustration of a series resonant turn-on

circuit found in Figure 1,



circuit found in Figure 1, Figuré b is an illustration of a series
resonant turn-off circuit found in Figure 1, Figure 2 is a signal timng .
chart that illustrates the signals present in the circuit of Figure 1, S
5\\F|gure 3 illustrates how the drive circuit. arrangenent of Figure Yl I
be enployed in a parallel transi-stor arrangenent. Reference is first %ggé '
to Figure 1 which depicts an enbodi ment of drive circuit enbodyi ng\the
i nvention. 10 The drive circuit i ncl udes & three eIectricaI contact
sem conductor in gﬁ‘ a I | i a power
source delivered Eta 0S5 rm ngﬂ Iﬁfglfq' (?Etg'ss pggrat |sv§1 5r% e af 1 and
negatlve term nalg 182, B0 LRAMI GORdUGHRr 1i n the formof transistor
15 [ e ] as shown |n°déain 3 outline coﬁnect?& in paraIIeI to transistor
[err].  Power dedi dg\t&reect 3G QS ikA1! kY inkd chAGR! tradtl gnTuadha kil fthl;62 s
delivered to a | oad 166. The power source is connected to a first
el ectrical contaaighal ofpriesenti dhorthecicictiid aft Figdre! @Gt mngal 20
contact 164 of transistor [err] via |leads 167, 168, positive feedback
transformer v@ ndiFigna®d Jand lusiadated howl thet delivet cicaitorraangkméntlhe
first electrical contact 163 is electrically coupled to a second el ectrical
contact 165 of tiaf tHigwiestlomayadbe eapdoyeddin a parallel transistor
arrangement. '

Reference is first made to Figure 1 which depicts an
embodiment of a drive circuit embodying the invention.:
10 The drive circutt includes a three electrical contact
semiconductor in the form of transistor Q'y. in a
circuit having a power source delivered across terminals
161 across positive terminal 161 and negative terminal
162, and a second semiconductor in the form of transistor
15 Q' as shown in dotted outline connected in parallel
to transistor.Qil. Power delivered across positive.and
negative terminals 161, 162 is delivered to a load 166.
The pdwef source is connected to a first electrical.
contact 163 of transistor Q'y and a.third electrical
20 contact 164 of transistor Q'l via leads 167, 168,
positive feedback traﬁsformer winding 169 and lead.170
to first electrical contact 163. The first electrical
contact 163 is elactrically coupled to a second
electrical contact 165 of the transistor base Q' and
25 the third electrical contact 164'is coupled to the base of
transistor Q'1 and electrically coﬁnected’to leads 171,

172 and 173 fo the load 166, which load 166 is



&

25 the third electrical contact 164 is coupled to the base of transistor
r] and electrically connected to |eads 171, 172 and 173 to the | oad
which | oad 166 is -6- electrically connected in turn to the e
ive power terminal 162. The drive circuit of Figure 1 includes the “w
Ow ng basic conponents: a |logic signal source 178 shown in dotted
outline at the left hand end of 5 Figure 1. The |l ogic signal source 178 is
el ectrically connected to a transforner coupled drive circuit 179 shown in

dot ted %Ligét’}‘ic%tn %oﬁﬁ@k&%&%g%ﬂ%et&z Y file?%&b&akaggﬁds 181, 182, 183

and 184." ‘The transformer "coupl e rrve circui Inc es a 10 positive
f eedbaclk oinfigiait 1@2¢Ct Fr'n%f'ibk-)(vﬁoEIQE%Qi@eBWe?Q?%PE il Eakigkestrical codiact

163 and the second el ectrical contact 165 o e transistor [err] This
posi ti vareeEathrity’ Baisticl omponeded :t haoughikr anghaimebupitadi ng N5 for
reasons that wll beconme apparent and 15 be explained nore fully .
her ei nafit7@r showine itr dottedneutdingi ag hhebtefs hhadaddat benal desi gnation
‘of reference nuneral 169. This positive feedback through the w nding N5
vi | IS pr dviigieref dr. b&hecdoghiti signe} avupeet L@dis28lechrieaddgnt i npul se
current turn-on signal circuit 186 shown in dotted outline is coupled
t hr ough conzeste@dndc a transformer coupled drive circuit 179

shown in dotted outline at the centre of Figure 1,

by electrical leads 181, 182, 183 and 184.

The transformer coupled drive circuit 179 includes a

lb positive feedback circuit eléctrically coupled between
the first electrical contact 163 and the second
electrical contaci 165 ofithe tfansistor Q' This
positive feedback circuit ié provided through transformer
winding N5 for reasons that will become apparent and

15 be explainéd more fully hereinafter. The transformer
winding N5 bears the additional designation of
reference numeral 169. This positive feedback through
the winding N5 will provide for beﬁter éfficiency

at partload.

20 A resonant impulse current turn-on signal circuit 186
shown in dotted outline is coupled through transformer
winding N3 to the second electrical contact 165 and -
is controlled by the logic signal source 178. The
details of the resonant impulse turn-on signal . 

25 circuit 186 are set forth in Figure la and will be

explained more fully hereinafter.



wi nding N3 to the second electrical contact 165 and is controlled by the

| ogi ¢ signal source 178. The details of the resonant inpulse turn-on signal: ' __
25 circuit 186 are set -forth in Figure la and will be explained nore '
ful Ly hereinafter. -7- A resonant inpluse-current turn-off signal
circuit 187 shown in dotted outline provides an inpluse turn-off signal
through winding N4 of a value greater than he turn-on pulse to provide
effective rapid turn-off and 5- overcone the positive feedback portion of

the base current g St r esapranbeeNRi Hag1CHE gt £t tgn- of f
signal 187 is codbﬁ%%gtgﬁgUg %&%&L%SI%gnFo ?Ee ggggﬁdaelectrical cont act

165 and | s cont r%{c%ﬂx Y doR te@Obbutiineabrequaes 448implasenraen-bgsrbe 10
descri®™éd nore fully hereinafter, when Figure b is described. A fixed
current |evel turdygialCithrdugh wiRdavigded bf a palbef gpeate28tWBA therce
t hrough | eads 188, 189, transformer wi nding N2, |ead 191, transistor diode
15  conbi nati on tymiddn aul decad pe¥2viidegredfective@3rapIifli suknxedfcandent
level turn-on circuit is coupled via wi ndings N2 and N6 through resistor R3
to thHe secon@ el entericcaie dihet gositdyeoffeedbagis porsicp e thenkRs€onponent
of the drive circuit is a furn-off _ '

current to transistor Q' The resonant impluse current

turn-off signal 187 is coupled thréugh winding N4
to the second electrical contact 165 and is controlled
by the logic;signai source i78 in a manner to be

10 described more fully hereinafter, when Figure 1lb

is described.

A fixed current levél turn;on circuit is provided by a
path from a 28 VDC source through leads 1§8) 189,
transfofmer winding N2, leéd 191, transistor'diode

15 combination Qé, D2, and-lead 192 to ground 193. This
fixed current level turn-on circuit is coupled via
'windings N2 and N6 through resistor R3 to the second

‘electrical contact 165 of the base Q'y.

The final compbﬁént of the drive circuit is a turn-off
20 steady state reversed bias circuit that is provided

by a path throughlwindings N1, transistor QA for the |

steady state tutnﬁoff'and reverse bias of transistor

Q' The drive-circuit broadly described above provides



20 steady state reversed bias circuit that is provided by a path through
¢ Ndi ngs N1, transistor [err] for the steady stafe turn- off and reverse

5 of transistor The.drive circuit broadly descri-bed above provi des .
{npf ovedturn-on and turn-off rates for the transistor Reference is now nose
to Figure 2 which is a signal timng chart that illustrates the signals
present in 5 the circuit of Figure 1. At line J of Figure 2 there is
illustrated the desired ideal Q_ Base current waveform Fromthe
description in British Patent Specification No. 2082002 in respect of the

turn- ofpn b8 £hinReRPLAE tubnsbdd Fhed CNKE kA4l sdoprder 10  to

i nsure consi stent definitive turn-on and turn-off tines, the base curfgnt
duringgthe turn-on and turn-off times should be overdriven in order tHhat
t he nnstlrapid turn-on and turn-off occurs. Accordingly, at line J of
Figure 2 there is shown a positive overdrive 15 turn-on square wave pul se
196 and a negative overdrive turn-off pulse 197. The drive circuit of
Fi gur eRéfesenaecihdedowompdey itde Figuires@ aipiraixiimta csigrial he desired Q
base current shown in line J of Figure 2. The resultant waveformof a [err]
base ctiming ghavtdbbagOillpgtraged ithe Signals ipreseni Dm |ine L of
Figure 2. The positive overdrive turn-on signal provided to the base of
[pr] thes@bppuit PEnFiguge Ri.qurd 1ine J of Figure 2

there is illustrated the desired ideal Q' base current

waveform. From the description in British Patent

Specification No. 2082002 in respect of the turn-on,

turn-off problem,-it.should be recognized that in order
10 to insure consistent definitive turn-on and turn-off

times, the base current auring the turn-on and turn-off

times should be overdriven in order that the most

rapid turn-on and turh-off occurs. Aécordingly, at

line J of Figure 2 there is shown a positive overdrive
15 turn-on square wave pulse'l96 and a negative overdrive

turn-off pulse 197. The drive circuit of Figure 1

is intended to provide a close approximation of the

desired Q'1 base current shown in lihe J of Figure 2.

The resultant waveform of a Q'i base current provided
20 by the drive circuit is shown on line L of Figure 2.

The positive overdrive turn-on signal provided to

the base of Q'; as shown at line L of Figure 2 is

indicatéd by the reference'numeral 198. The series

resonant turn-on circuit 186 of Figufe 1a provides

25 the waveform 198.



i ndi cat ed by the reference nuneral 198. The series resonant turn-on cirvﬁﬂa,
186 of Figure |la provides 25" the wavef orm 198. -9- The series resqne /
tyrn-off circuit 187 of F|gure | b provides the nhegative overdrive pul se
Reference is again made to Figure 1 in
source 178 5 via lead 177. The logic
source 178 illustrates an exanple

as\.shown at

line L of Figure 2.
which there is shown a trigger signa
network illustrated in the | ogic signal

of how the required logic signals that are -e¥sential to control the

transfornmer coupled drive 179 can be ener%ged Returnbg to Flgure 2 the
curve 31 T&€ SETiSS FEEEH3BN F afl

This i$§ ¥#he sane
7 and 9™of Briti

signal -

pp&aFELENt L1549

| ead 183 is. showq

by the curve |Ilus F % FEQS Z.gnﬁéfg?gﬁg ﬁggséé%n ?gaég §£8u§20£2mn

by the signal "'Hshﬁﬁkﬁﬂt%%rh'ﬁg Ehowfd ka%bb&r EE ndl988LrBEeE

| ead 184 is shown by the signal present on |Iné

e envel ope O

signal shownsat kiige lead 1f7gur ehd 2ag1clﬁeaaQEkumlmﬁséraeaarahetaed

S|nultaneously provi ded signal portions. The current |evel represented by

10

15

20

25

logic signal source 178 illustrates an example of how
the required logic s1gnals that are essential to.
control the transformer coupled drive 179 can be |
generated. Returning to Figure 2 the signal curve 31
illustrated on line A appears on lead 177 of Figure 1.
This is the same ﬁypé of signal described with respect .

to Figures. 2, 3, 5, 7 and 9 of British Patent

. Specification No. 2082002. The signal present on

lead 183 ‘is. shown at line F. The signal present on

lead 181 is shown by the curve illustrated on line G.

The signal present on lead 182 is shown by the signal

'illustrated on line H, and finally, the signal present

on lead 184 is shown by the signal present on line I.

- The envelope of the signal shown at line L of Figure 2

is made up of 4 separate and simultaneously prdvided
signal portions. The current level represented by

the curve 202 is a functlon of the number of turns of

" transformer w1nd1ng N2 while the curve 203 is a

function of the ratio of the transformer windings
N5 to N6, times the collector current I, of the
transistor Q'y plus the current level represented by

curve 202. The positive overdrive turn-on current

?gt on

FeF} ure 1.
f | be h Fi 2, 3, b5,
ProRaEaS i%ggﬁsﬁiiﬁ%ﬁ"ﬁsg‘rtw@%ﬁ@gg%ﬁa <PEnaNoRRe&Ent on

9’_-*
El

/



the curve 202 is a function of the nunber of turns of transforner W nding
hjle the curve 203 is a function of the ratio of the transformer
ings 25 N5 to N6, times the collector current ‘Terr] of the

istor [err] plus the current |evel represented by curve 202. The o/
positive overdrive turn-on current - 10 - curve 198 is acconplished by
the series resonant turn- on circuit of Figure |la. The series resonant
turn-off circuit of Figure I b provides the fourth and final conponent of
[err] base current shown ar'ﬁdiil_of Figure 5 2. The fundanmental |aws of
seri es curswna98 cis catdanpArissherl Ibyk rthien sexd elshate somahitr then-expl anati on of
the circuits of Figures la and I b is necessary. It is sufficient to ndfe, -
Wi th r epezirewl FigfirRigure dadl The seniels resoRiagir gurn-efift t he resoMant

i mpul se 10 turn-on signal circuit through the winding N3 required to speed
up the eiRrgubh 95 B i Rupvdesh Ehee Somath @%fgéﬁﬂon- of capacitors C
w th the inductance !prr of the transfornmer T1. The turn-off pulse 199 is
‘achi evetPTRPASREE Hati R QUIEESEciShoNT &% Life: i Pfe FLRHGEt ance 15 Lt of

he t. f : ' h ' Cl C2 i ided b
ositt s TS AR . dateE B Rene e IR B Sor ovi de for )
StOPPI gy Rfe TRSERARE, SYEHIY I Folr¥ne 21 8ln 1B o/ Gh ‘

circuits of Figures la and 1b is necessary. It is

sufficient to note, with respect to Figures la and
1b, as well as Figure 1, that the resonant impulse

10 turn-on signal circuit through the winding N3 required
to speed up the turn-on is accomplished by the resonant

combination of capacitors C wifh the inductance L

1 t

of the transformer Ti‘ The turn-off pulse 199 is achieved

by the combination of capacitor C2 with the inductance
15 Ly of the transformer Tl' Charging of the capacitors

1 2
while diodes D3 and D4 provide for stopping the resonant

C1 and C2 is provided by resistors R, and R, respectively,

conduction after the first half cyclé.

Reference is now made to Figure 3 Whicﬁ shows in block

20 diagram form how the dri?e éircuits of Figure 1 may
be employed in a'parallel transistor Q'l and Q'2 arrangement
of the kind described and claimed in British Patent

_ Specification 2082002.

In Figuré 1 transistor Q'2 was shown in broken line
25 fashion. In the brief description of Figure 3 the

same reference numerals used in Figure'l'will be

-z
~

“



the drive circuits of Figure 1 may be enployed in a parallel trans
[err] and [err] arrangenment of the kind described and clainmed in B
Pat ent- Speci fication 2082002. In Figure 1 transistor [err] was show
broken |ine 25 fashion. In the brief description of Figure 3 the sane
reference nunerals used in Figure 1 wll be enpl oyed to designate the
sane conponents. Accordingly, a source gf jpower is provided across positive
and negative termnals 161 and 162. A trigger signal source 23 is shown

el ectrical ly conggghegelntBagakighate the kafeCcoingdaknisur CRctdbdangly/8a
via leads 177, 177a and 177b. The logic signal source 178 is electrically
coupl ée<'t 0 t he t pagsheeaebfcpopbedidr prevideduatrdg8 poaikéwdsah8l, 182,
183 and 184. In a similar fashion logic signal source 178a is electrically
10 coupled to hegatizesterménatsupbddaddi ¥62¢i r dukrigges eianaflectri cal

| eads 181a, 182a, 183a and 184a. Transfornrs_ [err] and [err] resgectively
coupl e the af or esemricen@d dsi sbowhr edecsrizgllyrganngcteadndnsParalind
as.shown.. The load 166 is provided with_15 power through pargglel

connect ed tr5nsi§@oﬂ°péFrFlgnal source 178 and 178a via leads 177,

177a and 177b. The logic signal source 178 is
electrically cdupled to the.transfofmer coupled drive
.circuit 179 via leads 181, 182, 183 and 184. 1In a
similar fashion logic signai source 178a is electrically

10 coupled to the transformer coupled drive circuit |
179a via electrical leads 181a, 1823, 183a and 1l84a.
Transformers T; and T, respectively couple the
éfofementiqned drive circuits 179, 1793 to.transistors
Q'y and Q', as shown. The load 166 is provided with

15 power through parallei'cdnnected_tnmmigxrs Q';/ Q'5-.



- 12 - CL—‘WB“I“--A~dLLMg_C|rCU|t for a three electrlcal cont act
e conduct ui t having a power source’connected to a first
RO\ cal ﬂ"m Mﬂ m conductor and a | oad connected to a third
co he sem conductor, which drive circuit includew
nblnatlon a Ioglc S|gnal source, a positive feedback circuit '
electrically coupled between the first electrical contact and a second 10
~electrical contact of the senicontut?0oT, a resonant, inpulse current
“turn-on circuit coupled to the second electrical contact and controll ed by
t he | ogi ccaagmMel source, and a resonant, inpulse current turn-off circuit
15 coupled to the second el ectrical contact and control | ed by the Id@lc
signal solbtce. 2a dr;vé\ditawltifcuia titree dehgctvicd hi codtasherein t
is in add rre o) [ coupled to the
second e|éé+$$%§ uééﬁg é %iﬁéﬁ +y%g% S é%w%y éo"’i-’](':)cemgnal source. 3. A
drive cireannegtedr tiony f@r%taeheqtrmlc e¢wit—¢|%tr owWe@t, inpulse current

tUrN- 0N CheAUbbn@heYbHeEnd N OVSEAr é¥n@Eted [ £6 Ny OFn DHh 561 46€r peak anpl i tude

of which is signif tl [eater than that fhe current provided by the
C1xB0 our Fentafver Bhe defl et 4T et Sebtrastreehbulse

~includes in combination;

a loglc 51gna1 source,
a p051t1ve feedback circuit electrlcally coupled
between the first electrical contact and a second
10 e1ectr1ca1 contact of the semiconductor,
a resonant, 1mpulse current turn-on circuit
coupled to the second electrical contact and controlled
‘by the logic signal source, and
a resonant, impulse current turn-off circuit
15 coupled to the second electrical contact and controlled
by the logic signal source.

2. A drive circuit according to claim 1, wherein there
is in addition a fixed current level turn-on circuit

20 coupled to the second electrical contact and controlled
by the logic signal source.

3. A drive circuit according to claim 2, wherein the resonant,

impulse current turn-on circuit provides an overdrive

25  turn-on pulse the peak amplitude of which is significantly
greater than that of the current provided by the fixed
current level turn-on circuit; and the resonant, impulse
current turn-off circuit provides an overdrive turn-off
pulse the peak amplitude of which exceeds that of the

30 overdrive turn-on pulse.

4. A drive circuit according to any preceding claim,
wherein there is in addition a turn-off steady

L)

b



current turn-off circuit provides an overdrive turn-off pulse the pea

anpl i-tude of which exceeds that of the 30 ove”mmmllu“mmuu | se.
A drive circuit according to any precedi ng cl ai #lis
addition a turn-off steady -"13 - state reverde bids &ircuit coupl\s
the second el ectrical contact and controlled by the logic signal source. 5.‘
A drive circuit according to any precediqg claim 5 wherein the '
seni conductor is a transistor and the f+rk3 =second and third electrical
contacts are respectively an emtter, a base and a collector. 6. A drive
circuit accordi sgate sexens® bies QGirewit BPPIeE toFhe I8/TORYi t

includés a transformer 10 whi ch couples the_em_tter and the base thereby
to prév/de bett elestmigiadn&pentiagiarangd gpentrolled, Pye the dR9i%aving t he
features of clainms 1 to 6 inclusive, wherein the resonant, inpul se current
turn-on circuitsign@lr 8AWRAR- i npul se current 15 turn-off circuit, the
fixed current level turn-on circuit and the turn-off steady state reverse
bias circuit are all inductively coupled through the transfornmer to the

base of the transi sty afivd' liddi€' d8EoHalREoLd B0y piddldldy HSIR"

5 wherein the semiconductor is a tranmsistor and the first,
second and third electrical contacts are respectively

an emitter, a base and a collector.

6. A drive circuit according to claim 5, wherein
the positive feedback circuit includes a transformer
10 which couples the emitter and the base thereby to

provide better efficiency at part load.

7. A drive cifcuit having the features of claims

1 to 6 inclusive, wherein the resonant, impulse

current turn-on citcuit.thé resonant, impulse current
15 . turn-off circuit, the fixed current level turn-on

circuit and the turn-off steady state reverse bias circuit

are all inductively coﬁpled through the transformer

to the base of the transistor.

8. A drive circuit acéording to claim 7. wherein
20° the resonant impulse current turn-oﬁfcircuit includes
a winding inductiﬁely coupled to the transformer and-
a capacitor that cooperates in a resonant manner with
thé indﬁctance bf the transformer to spe;d up the -

turn-on.
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20 t he pesgnanL,lnhHIQP current turn-on circuit includes a mnndrng i
i |ver transforner and a capécrtor that cooperates in aj
r nt na ﬂﬁ“ﬁ I uctance of the transfornmer to speed up the o
t ve circuit according to claim8 wherein the N
res ant | mpul se current turn off circuit includes a w nding inductively
coupl ed to the transforner, and a capacitor that cooperates in a resonant
mannér 5 with the inductance of said < rlhséormer to provi de an i npul se
current turn-off having a greater value than the inpul se current turn-on.
10. A drive.ciraufrivebcizevisl arccarding rtdetladmed n wheredirt h reference
to the draw ngs. A

the resonant, impulse current turn-off c;rcult includes "f

a winding inductively coupled to the transformer,

and a capacitor that cooperates in a resonant manner

5 with the inductance of said transformer to provide
an impulse current turn-off having a greater vaiue

than the impulse current turn-on.

10. A drive ci;cuit substantially as described herein

10 with reference to the'drawings.




