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{ﬁ- SENICONDUCTOR DRIVE. CIRCU T This invention relates to a drive circuit -
or etectrical devices- that ensures equal power at all times_ Q he
el e€ttrical devices when the devices are 5 connected in par bg;&%? f;
circuit network to a |load. It has been |l ong recognized that when high pomer
| evel s are sought to be transmitted through a transistorized circuit and

the power rating of individual transistors 10 avai l able for use in such .

~arcircuit is insufficient, then high power operation can be obt ai ned by the
 paral l el connection and. operatlon of | ower power rated-transistors. The
enpl oyment of transistors in parallel in such circuits is not wthout .
probl ems. The problens are varied and a 15 nunber of these probl ens have
been recogni zed and apparently successfully treated. Inverter circuits
provide a typical setting where transistors are operated in parallel and
fromtime-to-tine due to excessive current through the transistor, the
transi stors burnout. 20 Hi st-qi cal ly, these inverter C|rcuits have
been provided with excess current protective circuits. Transistors in these
circuits nust be carefully matched, otherwi se one of the transistors will

t ake over the whole | oad of the output current- and be destroyed. US Patent
No. -2- 3,056,094 (Crawford) recognizes this matching probl em and

provi des a sol ution that provides bal anced current through a nunber of
transistors connected in parallel to a l'oad. The balance is achi eved by
connecting a ISEMISONDUCTOREDREVEWCIRCPIT the base el ectrode of each

transi stor. The value of each of. these resistors independently controls
the base current for its associated transistor. _ Thi s

i ndependent control enabl es the base bias currents of each of the
transistors to be aBphast ddveotipnt redeofesr asiasdgive circuit for

electrical devices that ensures equal power at all times
through the electrical devices when the devices are
5 connected in parallel in a circuit network to a load.

- It has been long recognlzed that when high power
levels are sought to be transmitted through a tran51storlzed
circuit and the power rating of individual transistors

10 available for use in such a circuit is insufficient, then
high power operation can befobtained by the parallel .
connection and operation of lower power rated transistors.

' The-employment of transistors in parallel in such circuits
is not without problems. The problems are varied and a

15 number of these problems have been recognized and apparently
succeséfull§ treated. Inverter circuits provide a typical
setting where transistors are operated in parallel and from
tlme—to-tlme due to excessive current through the
transistor, the transistors burnout. : _

20 : sttorlcally, these . 1nverter c1rcu1ts have been
provided with excess current protective circuits.
Transistors: in these circuits must be carefully matched,
otherwiée one of the transistors will take over the whole
load of the output current- and be destroyed. 'S Patent Wo.



}g@?f contributes substantially equally to the output |oad current even
ough the transistors used are not matched. The Crawford patent therefore
Y ecogni zes the steady state power handl i ng capability of a nunber of

unmat ched transistors operated in paallel-, but does not recognize that

the 15

t he transi stor

turn-on and turn-off times of the transistors may differ and that
may burnout should a single transistor turn conpletely on
before another. Sinmilarly a transistor -may burnout if a transistor turns

conpl et el y3pb%6 beher eceanEbed) Ibeoga\iaatsl @hikomad chisng prob
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filter condensers in ont rql CIFCUIt are the 30 .cul.prjt |nvolved I.n
transi stor?t BﬁrﬁﬁﬁPc‘a¥ﬁ§ %§6§3F& F&tent, not unlike i &Wh@%f .

not ed aboveontnoteenablbsethewbhbechnmenbudemamsl@ﬁ amthxmﬂruweanle the

i nvention E?aﬁ@i BFQIEOSBECEEbEQE F%k&egiran3|s ors . that the
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turn-on and turn-off times of the transistors may differ and
that the transistoz'may bufndut'should'a single transistor
turn completely on before another, Similarly a transistor
may burnout if a transistor turns completely off before
another. The invehtion to be described hereinafter
recbgnizes the tﬁfn4on and turn-off problem and'iémedies the
burnout problem during such periods in a unique manner to be
described more fully hereinafter.

US Patent No. 4,099,225 (Nuggard) also recognizes the
need for a current protective circuit for an inverter with
semiconductor control elements. The Nygaard invention is
based on the discovery that burnout of semiconductor control
elements in circuits that employ an excess current
protective circuit is tied to the fact that discharge
currents in 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.detectioﬂ and control while the invention to

'which this specification is directed recognizes that the

excess current'problem may be resolved if the transistors

‘operated in parallel can be exactly matched in respect of
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devices to a load, and the drive circuit conprises a signal source coupled Qéb
through a timng circuit to the el ectri.cal devices, the timng circuit’
|nV|duaIIy 10 controlllng the total on-time of one or nore of the N
el ectrical devices so that the individual on-tines of the respective
el-ectrical devices are nutually- |dent|calé§s regards the instants of

conpl ete turn-on and conplete turn-off The invention allows a

nupgber of the paral lglej rmﬁféle Minfef Sy @Céhé\%&aglﬁuse@ﬁ&anﬂméH'a/e_'

CI F\Q}JI t may control COﬂ Ct I on of sem conduct or devices connected in

paral I el thereby tow}?@%(ﬂfaltf@ mﬂﬁm§fpm]+ﬁiﬂjltr‘%@'tﬂﬂ And

sem conductors so 2QGWEEH Gbr HHe dramaiwies by providing a drive
circuit.for conduction caontrol, of the sem caonduct or_ devi ces coqgecte ié}to

paral l el thereby to ensurgVishdM¥YeREian BERVEAES \4hiPH T FTTHY
are conpl etel y turnest-evtrialicidbayives tdiﬁined&d Nyt pdraldeWhincha tdirdbit

sem conductors are conpl et.el y.turned- Cld S ‘'t he |
total on-tine p%rl o] sergglrgl:t %‘ﬂ%ﬁlillresﬁd: |c(e)1’:lléhas r%eegé‘{;rk q%ese%eg%&e“(%%?f
sem conductors so tpawetheraupledqiaough rdwt paradlek iganndgtadeiretricsl -
connect ed sem condutidyites i I 18dd/C diid WHld dEdvd irdips Rbietb el L

sem conduct ors connected par al 'such that each gl ven sem conduct or has
an .optimized turn- o@%ﬂﬂf%tﬁQPQﬁﬁ qqqﬁ;eqrFQf?HQ#eﬁrﬁ&ﬂ%ﬂﬁxﬁﬁ#ﬁ#&tcﬁ°the

i nvention, the drived rlddtricalogdvitds), i boseiny ¢i1PAs 61 Dividualy -
g_onnect ed in paj;léll | eI |n CI I‘CL{_Itl{ﬁ %et‘ﬁr qr}mtThe tr n5| stors_each Qarplg |
i stinct turn-o t WG i R (IS @ %tlve

bases are sinul tanecajséqtmldasle(ﬁevi'ﬁes Eo duhat rtdte/\umd:Bnduahod:deBnes :
sour ce of povver COUFAP%H& %éﬁ%&aélaeéﬁllcal devices are mutually
1dent1ca1 as regards the instants of complete turn-on’
~ and’ complete turn-off.
15 The invention allows a number of the parallel
- connected devicee to act as single switch. The drive
circuit may control conduction of semiconductor devices
connected in parallel thereby to ensure equal
simultaneous power hendling by all semiconductors so
20 connected. This is achieved by prbviding a drive
'circuit.for conduction control of the semiconductor
devices connected in parallel thereby to ensure that
the instants at which the semiconductors are completely
turned-on coincide and that the instants at which the
25 semiconductors are completely turned-off coincide,
thereby ensurlng that the total on-time periods are
mutually 1dent1ca1 as: regards the respective
: sem;conduc;o:s so that there is equal_current at all
~ times in the parallei connected semiconductors. The
30  drive circuit may thus be employed with semiconductors
connected in paraliel-sucthhat each given semiconductor
has an optimized turn-on and turn-off time.
In a preferred embodiment of the invention, the
drive circuit is coupled to the base of transistors



' nected transistors to a load. The drive circuit includes a transistor
f@%&ge pul se signal source ‘having a predeterm ned period coupl ed respecttvely.
“t‘hrough a tinme adjustable circuit to the base of ‘a first 10 transi stot -
and to the base of a second transistor. The tine adjustable circuit
includes a first nmeans to alter the initiation of the first transistor
turn-on time period to thereby al'l 8wt he end of the turn-on tine period of
the first transistor to coincide with 15 the end of the second transistor -
turn-on time period. A second neans is electrically -coupled to the first
means to initiate a signal at a point in tinme after the start of each base
pul se signal represented by the difference in the turn-on tines of the-

first and glnn88eaRdihi BRShTIAN. 1nTHCCLANRL HEQWLLRE Sqpand neans remains
for a time period equal "To the base pul'Se Signal "péri‘od T e€ss the
af or enent | tHausiistoceenschi haver diskinchesush~ohe fturst-offd second

transi storand tBtad BR2PSmbSpePyBhEdwhent Qﬁei%c?%t@g@%%&%ea%‘isie% 25

responsive to the end of the second nmeans signal, alter the initiation of
the turn- ofFeofiPHALAPRORSLYaRVLSEEr t SNENEAEGRLIY PERWORE turn-of f of the

firststranghelodesoacsbuetdeoti powehecenplel theoughortet paRsilgtear turn-of f .
it .shoul.d be aparent that

the t1ne aGPOEPREFE EFROSF BEPESalPLS: A828hon TPRaFEENE CAERion i mo of the
first tranihslndeﬁaacheanshetbuthbsenpunse_sﬁghhé seurce hasnsigstaor to :
e PoY PERRPEARHERGA Rk ST EBlbyth, AbbgbcETocy abuhe T ae st s Lo
signal tinthgechdivsgaplet Fhgenituka- he base of 'a first |
10 transistor and to the base of a second. transistor. The
time adjustable circuit includes a first means to
alter the initietien_of the firstlﬁransistor turn-on
time period to thereby allow the end of the turn-on
time period of the first transistor to coincide with
15 the end of the second transistdr turn-on time period.
A second means is electrically coupled to the first
means to initiate a signal at a point in time after
the start of each base pulse signel represented by
the difference in the turn-on times of the first and
20 second transistor. The signal from the second means
- remains for a time period equal to the base pulse
Ssignal period less the aforementioned difference in
turn-on times of the first and second transistor. A
third means is coupied to the second means and is
25 responsive to the end of the second means signal
to alter the initiation of the turn-off of the first
transistor to thereby allow the turn-off of the first
transistor to coincide with the end of the second
transistor turn-off time period. From the '
30 foregoing description, it should be aparent that the
time adjustable circuit is adjusted such that the .
total on-time of the first transistor matches the
total on-time of the second transistor to thereby'



- 6- problen1that arises in the circuit of Fig. 1, Fig. 3 is a signal t|mrm36§3
chart dYepicting a turn-off problen1that arises in the circuit of Fig. 1, :
Fig. 4 depicts a parallel transistor circuit in 5 conmbi nation with a .
turn-on drive circuit enbodying the invention, Fig. 5is a signal timng

chart depicting the turn-onhproblen1so|utLo§ provi ded by the drive circuit

of Fig. 4, 10 Fig. 6 depicts a parallel transistor circuit in :
combi nation with a turn-off drive ciruit enbodying the invention, Fig. 7 is . .
a d-gnal timng chart depicting a turn-off problem sol ution prOV|ded by the

drive circuit of Fig. 6, 15 ' Fig. 8 is a preferred enbodi nent of a
drive circuit for par all el nonmatched transistors that contains the
inventi.on, Fig. 9:is a signal timng chart that illustrates the signal

present in the circyt of Fig .8 20 - .. Fig.. 10 i C drive

ci rcuit ‘embodyi ng théélsur{\?erﬁ &urgﬁptcéﬁeﬁ&ilngl q%%t “éﬁ’ %ﬁ‘ 8401802,
Fig. 10Cais an ill ustmamsismtofs dosddheedaagdsonant turn-on circuit found in
Fig. 10, Fig. 10b |%§@!ﬁ*§1§1stratl on of a series resonant 25 turn-of f
circuit found in Fi . 11 is . a signal timng chart that illustrates
the signals present in tHHi% rlcmlth@rtrrat@qo:heamlnrg ark illustrates how
the drive cirduit arrangengnt 20f;idiag s:.Jnga'Ia)(::.?rﬁ.r@@l'@&d defbﬁ:*dfﬁf ld &lurdlon
transistor arrangenment: Reflerence is now made to Figure 1 in which there is
illustrated a prior art circuit which is set forth here to explain the
nature of the operatlonal :



‘ihenonenon to which the invention addresses itself. 35 In Figure 1, there
s seen -7- a circuit with one side of transistors and connected™in: .»
‘paral l el r.espectively by electrical- | éads -11 and 12 to lead 13. Lead 13 is "
shown termnated with a positive power termnal 14. The other sidesof the
5 ‘transistors [err], @ are-réspectively connected by |eads 16 and 17 to
| ead 18. Lead 18 is connected to a load 19. The load 19, in turn; is ,

connected via lead 21 to negative power term nal _22. For purposes of this,
exanpl e, tREPRlEH §héﬁna§429§v%nZEgeaﬁﬁrﬁB%Er°§u5ﬁ9y_ﬂnpressed across thé™
10 power terpigal s i4 andighal timshgutHabe Bepedthingt apower supply may
be of any val ue, gut'fgg urgo es of thrs gﬁanELe It hai been iet at

arbi trari | YORRGREGaPEEPLPMOBERE 3B8SGRpE™ RO F4GERLEI Bhaf i8oulce 23

provi des a baseFigun"4sdgpattéranparadbyet beansibtorachiesdit?24n 26 to the

base of 15 : st : (ia_l 4:. . . e ha 0 ransistor:
CQ.%In or d&P %ﬁgg%?éc?%F% ?ﬁggﬁétﬁ?egggvéhglg%g%gekggﬁggigﬁi%h%nvention_is
directed t dnvenbdiohng, attention is now directed to Figure 2 which

illustrates a spggal sti81 B0sEHRRT €Pmingt BRArdCeBepiStangUitheOn Probl em that
arises in the prior art circuit of Figuie 1. The Signal “delivered by the - .
‘trigger si6H5P‘§Bu?€@b§§mi§°§H5&ﬂnoﬁr8theﬂ BY EPgupEive eAEcdditgger signal
s represegteedify gyrve 31 which takes a conventional square wave o :
configuration. 25 . Lt S meli Lec %gized t hat .t he.cur.rent carrying
capdf I'ities of "tPanfi SEBFE FeRIB2FBLLEY| FRAPEASERE FAEF 4Hhodd a current
be appl i edcombandtibnowihhaat tanstrefbrdaive téveliti embodyingofthehe
transistorg ggéngn there will be a resultant burnout of the transistor.
The paraIIeP " fransistor arrangement' of Figure 1 has been selected in
order to al |l ow Fhg.-d7vig§i ansbgnalr témingerhash 4s@ickdisggR turn-off

problem solution provided by the drive circuit of Fig. 6, -
15 ° Fig. 8 is a preferred'embodimenf of a drive ¢ircuit
for parallel nonmatched transistors that contains the
invention, - _ | .
Fig. 9 is a signal timing chart that illustrates the
signal présent-in the circuit of Fig. 8,
20 Fig. 10 depicts a drive circuit embddying the
~ invention of our copending Application No. 8401802,
Fig. 10a is an illustration of a series resonant
turn-on circuit found in Fig. 10,
_ Fig. 10b is an illustration of a series resonant
25 turn-off circuit found in Fig 10, |
 Fig. 11 is a signal timing chart that illustrates
the signals present in the circuit of Fig 10, and
Fig. 12 illustrates how the drive circuit
arrangement of Fig. 10 may be employéd in a parallel
30 transistor arrangement. _
Reference is now made to Figure 1 in which there
is illustrated a prior art circuit which is set forth
here to explain the nature of the operational
.. phenomenon to which the invention addresses itse1f.
35 In Figure 1, there is seen



transistors and 2. In the prior art exanple, for purposes of QED
iJlustration only, transistors [err] and @ have been-shown connected in
parallel with the designed 35 intention that the transistors QL and -
[err] equally share the 200V, 200 anp current applied across to the power

-8- ternminals 14.and 22. The parallel conngctiion of Figure 1 is to ensure

that current through [err]; namely, .current il equals 100 anps and the
cukrent through transistor Q nanmely, current i2 equals 100 anps.
Thegretically, the 5 si mul t aneous appear ance. of a trigger signal 31 from

- the trigger signal source 23. si.gt shoul d
result in the equﬁl hﬁ%?%Foﬁléﬁ %ﬁg é%?@ h?ogéﬁngﬁgggg% g&sgggoe In
practice, howeverconhestedeah pesagheli respechivedysbiorlestsicsd lgadgell

dynami c operation, &g f]goto 1@5@!# sagaaapt hat sﬂenhcteqmma»ebaumtia a
Turni ng once again | ere I.s shown_a wave c 32 on

line B of this f|@9$ét1VPtPEHﬁrb§efm§§éﬁ that ThE gégércflgFﬁﬁ
represented gy CU£¥§n§2st5r§XQ§t,| ) a:ayaaspfet:hwbeyt Eogger tedgbyl leadse

?ﬁat {Lemggge of }gaﬁgﬁgiz ® 88§ ggs %gfgqéga&s;g§§n§3gigtstgfhg%gpig_

exactly the sane Thet hoadt hat, ihethase OB coaneciedr via ﬂ@@é|ﬁéstpt§egat1ve
signal .. Each COPBB&SkaEF¥P§KQi|§9|e Fb? ?P% R5elsS ENPNI st @ xARAA daRENad

turn-on time that®rn rea ansistor to transistor.
Accordingly, transhQWOrg ﬂPDH:d@Qﬂgﬁ@@ &ﬁUe§p§@PPﬂ§d1&@5%5ﬁﬁ$w?Qﬁ?ﬁﬁ|ﬁ§$

may, in facig giébdﬁrmtémtiﬁmé 14 &an@n 2021, rrethsmuarmlb@yemuea ateity power
such as that of Fi

The curve il l ustrat r [
i ntended to show £ BP‘i?hE‘aé' 9 AnYhY8a8R «t ﬁ’é’tt tfgr’fsg) r% %[e rc‘]%Jrﬁ"se%s %sxraénrﬁle
O to 100 anperes qtehashbepar sedl: aft tard teesiidiyatdgh value Oﬁ 200 ROH

Figure 2, it can be gseen,t gl bhe SYigngi! doirdeds M dvidy o Yase "on™
‘'signal from a logic network via leads 24, 26'to the base of

15 transistor Q, and via lead 24, 27 to the base of
transistor 02 '

In order to apprec1ate the nature of the problem that
this invention is directed ‘to remedying, attention is now
directed to Figure 2 which illustrates a signal timing chart

_20- that depicts a turﬁ-on'problem that arises in the prior art
circuit of Figqure 1. The signal delivered by the trigger
signal source 23 is shown on line A of Figure 2. The
trigger signal'is'represented by curve 31 which takes a
conventional square wave configuration. - '

25 It is well recognized that the current carrying
capabilities of transistors tends to be limited and that
should a current be applied to and through a transistor at a
level in excess of the transistors rating, there will be a
resultant burnout 6f_the-transistor. The parallel

30 transistor érrangement'of Figure 1 has been selected in
order to allow the division of current between and through
tranSistors Ql and Qz"'In the prior art example, for
purposes of 111ustrat1on only, transistors Ql and Q2
have been shown connected in parallel with the designed

35 intention that the transistors Q, and Q, equally share
the 200V, 200 amp currént applied across to the power



éﬁb rises fromO to 100 anps over a period of tine shown here as ton 2.
- Accordingly, the current i, reaches a full "on" condition of 100 anps a% is .
i ndi cated by the point 36 on the curve 34.: Wth the current at [err] at
the [ evel indicated by the reference numeral 36 i.e. 100 anps, it. can be

seén that the current i at-Bhis instant designated by 2 reference nuneral
37 is at a value somewhere between 0-100 anps. At the instant in tine
represented by the reference = -9- nunerals 36 and 37, it shauld be

observed that the current [err] passing through the transistor Q is then*‘f 

at t&h@i hai §d14apaai by, OfTthFhrﬁﬂieitebnhééihoanE ?h@%%etﬁe ﬁran5|stor Q
Is at this |n€tant under f nduction, .5 there i's a tendency for the.

ch?eﬁ?s?Belﬁ REASHIERPELEREPHED: RyfsPepstYe SUrrentndicat ed by the arrow
ase@uabsenouﬁahpseﬁnaenhe nuwteah ffrothk twansistowr gg;[err] is shown in

:'lns g%?geE?ogbomﬁﬁéi?hé g0|nggey ?ﬂg@@@%@%ﬁéépéd Gfor gybiefgrence

nuaﬁm@ltaaeouaeapaeaénpcpepf]a|ncnesscssnapadlQlaﬁdomem@@ to approach the
to{g{ $OP @FEﬁal”B&ﬁ§é@dZQCESS%hbh%rBﬂEQEEQE 83 ggcb&dpérggglstors [err]

Thi s“sudden rise I n current as I ndicate reférence nuneral 38

téﬂﬁss@%PbﬁrﬁBﬁFthéntFQﬁsPSPB; eivigien PSSGPF§EP* &hroygh 5 t he

CUEREHE beaﬂslstaastermdptracwdet,hhewgbe&bethrianalaetaar deilgh which, in:
greater than S Ca |ty and it, too,

bupheoaf SR BERRAE h8RCRhl 4rdst ihs thel FFRanic| SBRas o A lied i n 1 espact
ofcihenittsunchoast thas, depeceeﬂsinhiugwmbllbe 20  defined in this
Spec'f'cfﬁrﬂfn SoﬁcEU?BaQH Ego?hﬁ e EhethQ¥%nE§°%hEQ bg descri bed o

her ei nafter, remedi eS thi s turn-on problemeven when transistors’
mn%%uﬁﬁﬁnﬂégﬁeeufﬁﬁn33n09|%é§9a3e°§nﬁhé§e igngeer edde G20 MRV nade to Figure:

3 s@enhtisditt ERéCbRBe Q, signal represented by curve 32 is
"exactly in sync with the trigger signal curve 31. It will
also be observed in Figure 2 at line D of this figure that

. the base of transistor Qz receives the square wave curve
signal 33 at exactly the same instant that the base of
transistor [+ receives its signal. L )

Each commercially available tran51stor is known to

have a designed turn-on time that in reality may vary from
transistor to transistor. Accordingly, transistors with
designed and specified equal turn-on times may, in fact,
provide mismatched turn-on times when employed in a circuit
such as that of Figure 1. The curve illustrated at line C
of'Figure 2 is intended to show that the current il'
through the transistor Ql rises from.0 to 100 amperes over
the period of time designated t. ni° At line E of Figure
2, it can be seen that the current_through the transistor
Q, rises from 0 to 100 amps over e.period of time shown.
here as ton 2°
full "on" condxtlon of 100 amps as is 1nd1cated by the point.
36 on the curve 34. With the current at ll at the level
indicated by the reference numeral 36 i.e. 100 amps, it can

Accordingly, the current il reaches a.

be seen that the current i, at this instant designated by
reference numeral 37 is at a value somewhere between 0-100
amps. At the instant in tlme represented by the reference



25 . illustrated a signal timng chart that depicts a turn-off problem -Cé}g
that arises in the prior art circuit of Figure 1. In describing the signal -
timng chart of Figure 3 wherever the sighals shown in Figure 3 are the -
sane as Figure 2, identical reference nunmerals will - be enployed. 30
Accordingly, at line A of Figure 3 there ig-shown a base "on" signal from -

the |l ogi.c signal source 23 that is represented by the square wave form _
c#rve 31. At line B the condition of the base-[err] is represented by the
curwe 32. "Attention is now directed to lines C and E of Figure 3 in 35

which there is rﬁaﬁeealgebs shawa7thetcshba&hs Leabkeeoéalzhatlﬁh%he

exanpl e bei ng descri bed I s assunmed fo -10 poses of th
di scussi on that FHEIFBFn QnPP?ﬁé§9fGPrBHBH FP&n§F§P§F§tP6rPh lén&hen
equal and that tbHer race8i Fapacitys oflthé? tehneistent 9. febult, siAcer &he

mand 5 portioreBpetaPal 63 RcRE ErlR, trafafs° boBst a1, Pl kO
time coinci 8ent Whenet hs - di$&p§eapan£9rotheheutran$|$ponnbaseseﬂtbm9mﬂh 3he

of line B, theregpgdbPgtal 90'3% 49 95&%%5%%d3% t%g el WrRoW as¥bclil®ed with
transistor [err] The turn-éff q& es.-a timed interval represented by

[err] plus 10 refefenpce ?H@eFé;rF 3i gRAP FUEEERENCRIVRe iqudSe Shownodggan

time inherent i nekaggaratel E@Hn] mwelrkaer[ eor ]coheeyeeanta&at:féeaefsel Ithtaltmror a
i nherent in tran |st

r n ng
be observed t hat fﬁs Fbﬁ% h&nd ﬁ°§£°8&PFeﬁSe p°3RFv 3 imey éﬁgﬁﬁ?ted
Tlght handl@nd abgltééeeencé ﬁﬁmeraﬂoB&h tthen cafr enitg fanctemsasﬂnmpnaly
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fpr transistor e Séen on the curve
3% of line C thathat Pﬁéﬁﬂiﬂ-elScPﬁéeé’GPﬂer‘FFapéllﬁ]EOfﬁaglf andeR5t-0 TAdSo pri or,

intime to the cyﬁaaeh ri8@ in QuriredtSag! Andicatlddy Refie@wte nurleddl 38
time tf2. tends to burnout the transistor Q1 which results in all of

15 _the_current being transferred to and through the
transistor Q, which, in turn, is required to cafry a
current greater than its capacity and it, too, burns out.
Because the transistors Q, and Q, were not matched in
respect of their turn-on times, there is what will be

20 defined in this specificatidn as a turn-on problem.' The
invention to be described'hereinafter, completely remedies
this. ‘turn-on problem'even when transistors with nonmatched
turn-on times are employed
_ Reference is now made to Figure 3 in which there is

25 illustrated a signal timing chart that depicts a turn-off "

 problem that arises in the prior art circuit of Figure 1.
In describing the signal timing chart of Figure 3 wherever
the signals_shbwn in' Figure 3 are the same as Figure 2,
identical reference numeraIS'will be employed.

30  Accordingly, at line A of Figure 3 there is shown a base '
"on" signal from the logic signal source 23 that is
represented_by.the square wave form curve 31. At line B the
condition of the base Q, is represented by the curve 32.
Attention is now directed to lines C and E of Figure 3 in

35 which there is respectively shown the currents i, and
i,. In the example being described it is assumed for



cggmause the current [err] of Qat point 43 on the curve 39 has reached a

ero current level, there will be an immedi ately evidenced rise in current . ,
i-through transistor Q as indicated by fhe'referenced nunmeral 44 and its.25
associated arrow. This.rise in current of [err] is to be expected since

all of the current is nom1pern1ttfuT¥QT pass to and through transistor [err]
resulting in a peak current approaching 200 anps as indicated by curve 46,
which results in transistor [err] burning out. 30 It shoul d be -
appreciated that both the turn-on problemand the turn-off problen1just ' '
di scussed mm@P@$mﬂl¢én§busl9lseupseennthabehbeeturneonrtmnee ferpi bosHuct or -

units are €8s I”%ggé ere ?é"‘@&ﬂai‘ ?R{i f.ﬁag&;tﬂg""?isénﬂxﬁe' oad. The -

invention to be descr ter renedi és the
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200 anp sRHCEE 039 pEhertaeno’st peficthectrpnaiston, 022 byheesdsntoff12, and

113 10 tcsrcmle sald@s o ti@é&lﬁﬁ@ésvarrfépaesex@@ed pyeot hFiu gi de of
traqﬁistors Cgmfre conpect ed g geagﬁ 16, 17 res ively to |l ead 18 .
and 1bad. 1€1° A g1ehat LoRFeecnss; Ehe chraentaR °FﬁSeoGﬁB8t from
the triggeintenent Swutcan2Bster dg| Lvnhkﬂeotg% teptdebdnts &her Ewdlcircuit -,
52 15 S d; ou driv, 2.Lneclude pai r of
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the base dFiqukmsIstbk wiblrbe obgerved thahetbeivéghtrband §Qrtmohudés a
one ShOt current 12 curve 44 has at its right hand end a. ‘different

15 total turn-off time for - trans1stor Q2 than the total
turn-off time for transistor Ql’ The total turn-off time
for transistor Q, is equal to t, plus tese - It can be -
seen on the curve 39 of line C that at point 43 the current
il has fallen to zero prior, in time to the current i

_ 2
20 of transistor Q2 having begun' its fall time tfz'

Because the current i1 of Ql at point 43 on the curue 39
has reached a zero current level there w1ll be an
immediately evidenced rise in current through transrstor
Q2 as 1nd1cated by the referenced numeral 44 and . its

25 associated arrow. This rise in current of.:..2 is to be
expected since all of the current is now permitted to pass
to and through transistor'Q2 resulting in a peek current
approachlng 200 amps as indicated by curve 46, which results
in transistor Q2 burning out. :

30 _ It should be appreciated that both the turn—on problem
and the turn-orf problem just discussed may simultaneously
be present whenever two or more semiconductor units are |
connected in'parallellbetween a source of power and a load.

~ The 1nvent10n to be descrlbed herelnafter completely

35 remedies the turn-off problem as well as has been noted the

turn-on problem. '



monost abl-e nmul tivibrator 56, the function of which will be 20 described
i.n-detail hereinafter. The input of the one shot nultivibrator 56 is -
connect €d by the lead 51 to the tfigger sfgnal source 23. One shot

nul tivibrator 56 has an out put connected via lead 57 to an AND gate 58. The
output of the AND gate 58 is tonnected tqQihhe base of transistorw [err] by
25 | ead 53. The base of transistor [erﬁ] is shown connected directly
te the output lead 51 fromthe trigger signal source 23 via |lead 54.

/ Reference is now nade to Figure 5 which is a si.gnal timng chart depicting
a turn-on problem sol uti grov ded 30  _by the,drive,ci t .52 OL Fi gure
4. Attention-is |n|t|d$?€eﬁ Peet L8 ?B“tﬂédEuFQe 13?5§eﬁt§é h AERESTH aAnd F
of Figure 5 whi gbarallelretansistenteifenit iéndcombihatiepewithedytubfnrornt
[err] illustrate C S ng

v deneed by 8 DY SHLYERPE Qﬂgéayfn§>tge PRYEnE2KANY En' Fﬁ& téEE:EﬁEELn
illustrated by c@ﬁV%lﬁwI©n4lVh%f¢VShonBSa1bL§n éﬁfFFﬁECQZBﬁNGEQ 8ing the
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Q. This is thepseceedbng|,titnis apphséentsthat tnanblshoresp candf Qt he

t t b gy d
Phat the base - CRFEsTaNareFE8  EcRRE af%gfiﬁ‘r%‘é@%ﬁ i 2pbYs 208, SfipoBOEH K& ot
del i vered si mul t poeersagrosst pewststern nelanéﬂstaﬁsbz?1aﬁds[éln] 2w ppd 13

result injge tr Sbﬁé0§1&P of by%ngygtseadotlaaadescrléﬁe 8ghkkekide of
Accordingly, in t IS exa :
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source 23 is delivered over lead 51 to a drive c1rcu1t 52
15 shown in dotted outline. The drive circuit 52 includes a

éair of outputs that appeer-on leads 53 and 54 and are

connected respectively'to'the baSe of transistors

Q, and Q2 The drive circuit 52 includes a one shot
monostable multivibrator 56, the function of which will be
20 described in detail hereinafter. The input of the one shot

multivibrator 56 1s ‘connected by the lead 51 to the trigger
51gna1 source 23. One shot multivibrator 56 has an output -
connected via lead 57 to an AND gate 58. The output'of the
" AND gate 58 is connected to the base of transistor dl by
25 lead 53. The base of transistor Qz'is'shOwn connected
directly to the output lead 51 from the trlgger signal
-:source 23 via lead 54.
| 4(Reference is now made to Figure 5 which is a signal
timihg chart depicting'd turn-on problem solution provided
30 by the drive c1rcu1t 52 of Figure 4. Attention is initially
directed to the curves presented in lines D and F of Figure
5 which illustrate currents 11 and 12 respectlvely.
Current 1l 111ustrated by curve 61 on line D is shown
i having a rlse time tlon as evidenced by rise time curve
35 _'portlon 62. Current %2 illustrated by curve 66 on line F
shows a turn-on time t2°' spanning the portion of time
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turn-on time perlod such that at the end of -rise time curve

- 62 at point 63 is c01nc1dent in tlme w1th the end of rise

 time curve 67 and the point 68._ With the current 11 and

20

25

30

35

12 at the 1eve1 1ndlcated by reference numerals

-designating points 63 and 68, both transistors Ql and Q2
will be in an instantaneous state of full conduction and the
burnout problem is remedied. In order to accomplish this
state of simultaneous. instantaneous conduction by

Ql and Qz, it should be observed that transistor Q1

having the shorter turn-on time tl must be flred into
conduction at a point in time delayed from the appearance of
the positive going edge 35 of curve 31. This is
accomplished by inserting in the electrical connection
between the trigger signal source 23 and the base of Ql

the one shot multivibrator 56 which has an on-tlme selected
such that its on—tlme is measured by the dlfference in the

: turn-on tlme of transistor Q2 and the turn-on tlme of

transistor Ql’ namely, 2on " lon

J Attention is now directed to lines. A and B of Figure 5
where it is seen that when the signal from the trxgger
signal source 51gnal 23 represented by curve 31 is delivered
via lead 51 to one shot mult1v1brator 56 there results a

pulsed output represented by curye 71 The pulsed output

Ther e
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ors and will be in an instantaneous state of full conduction -and
burnout problemis renedied. .In order to acconplish this state

t aneous i nstant aneous condd@=ion by Q and [err], it should be .

that transistor Q having the shorter turn-on tinme [err] nust be

to conduction at a point in time del ayed fromthe appearance of 25..._

This is acconplished by insertingw#
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. base of transistor initiates the turn-on of transistor QL resulting in _(ii)
tshe fall-on conduction of transistor 15 " at point 63 of curve 61 after
rise time tlon represented by curve 62.° The full-on conduction of

t ransi st or I s designated by the point 68 on the curve 66. Fromthe
foregoi ng description it can be seen that the turn-on problem described in
respect of Figure 1 and 2 has 20 been 3b¥ved. Transistor burnout will
be conpl etely avoided by nmerely measuring the actual turn-on time of the

t r'efsi stors enpl oyed and then selecting a time delay device such as the-one
shot described, which tinme delay device wll have the required del ay
necessary to caurepsbsnhmadebgscﬁive 7&onsudeldverket yhauﬂ@aﬂeSﬂndmrsnund

‘that the inventi QHBP%GSQ“EES Bete SRANSERAYS 13 RALRACERALGN! IR RXA
ex a I
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utilized inits anati on t hat ."t hose sKki e electric a art
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circuits for thres eheaN® §elfbccseductr%&ecqaneﬁt %ulr&egaraweslnnaefo%r QR

i s now nmade to Fggure 6 gh %& B é&s a parallel . transistor C|r0ﬂ: in

combi nati on3wi t h°& #Rfn3dr 08 SFENaL, CGPEESET %Vlﬁ@rﬁﬁe3ﬂn€@n ine A in
Transi stors 35 FiQuren8,Qandr ¢har ANDggd tien SBhevidimenilys pirow ide dmsmuﬂgut as

[0 respect of FigWoRA bndidnd c HRepidideos! o Vesstitea, by Myl 7 when

it's output side has el ectrical connéecCtions by connec

to the respectivéhpasegast ver £adildngr edge aﬂd°@2°urﬂetﬂﬂgg§rP§ﬁ@ﬁmte§o@¢ce

23 is connected pabbhe walitc Sya®olf th%ft AND- Qfaftedisigve @il &Walt %s'iant %
gered qne shot nnnostabb&egult|V|brator

oA B Ba e Ree Rl ANBIGARE 8° ot o 2l Eed by 3 e 34 sppears

The out put of thenoleadhsB mblthelhesboofB&rappeamoromllea¢h&7a@péamamcedes

- Ome |nput to OR gﬁt%hQBposIingRggﬁh% 83ah31 Qe%ﬁ%%@%té@mgy curve 74 at the

"base of transistor Q1 initiates the turn on of transistor

. Ql resulting in the full-on conduction of transistor Q1

15 .at point 63 of curve 61 after rise time tyon represented -
by curve 62. The full-on conduction of transistor 02 is
designated by the point 68 on the curve 66.

" From the foregoing description it can be seen that the

turn-on problem described in respect of Figure 1 and 2 has

20 been_solved.' Transistor burnout will be completely avoided

' by merely measuring the actual turn-on time.of the

transistors employed and then seleoting a time delay device
such as the one shot described, which time delay device will -
have the required delay necessary to cause simultaneous |

25 . conductlon.

- It should be understood that the invention presented
here transcends in prlnc191e the example ‘utilized in its
explanatlon and that those skllled in the electrical arts

~ once schooled in the 1nvent1ve principle could readily
30 design logic c1rcu1ts for three or more semlconductors
" connected in parallel._ : :

Reference is now made to Figure 6 whlch depicts a
parallel transistor c1rou1t in combination with a turn-off
drive circuit 81 embodying the invention, Transistors

35 Q, and Q, are arranged in the same fashion as described
in respect of Figures 1 and 4. The turn-off drive circuit



N delivered fromthe trigger signal source 23 via lead 84, |ead 91,
: er 1 inverter 92, lead 93, nunber 2 inverter 94, and finally |ead 96:
"Reference i s now made to Figure 7 whirch'i*s a S|gnal tlnlng chart deplctlng

a turn-of f probl em sol ution provided 15 by ‘the drive circuit. 81 of

Figure 6. At line A of Figure 7 t1dre i s shown the base "ON' signal curve
31 fromthe trigger signal source 23. Lines Band Cillustrate the

resul tant waveforms 97, 98 of number 1 +inverter and nunber 2 inverter

desi gnat ed by reference nuneral s 92 and '94 in 20 Figure 6. Attention |s~¢

next di lreml eft tieg rmcpwesidé | nod r €1 €citt Dcal n@GnEecﬁl%dIb a?gzwa¥wbﬁh
particu eti curve pprtions t he
current [%eﬁ*a% %’ Oée# foaﬁ?céﬁév’é% g%e a’ﬁ%lsli%%&v%o aiﬁ? p8§es of this

exanpl e, unanﬁistomsla ban@s@yeedh thaigger sigealiseeréer23ramsistors
and Q aﬁﬁxﬂg&% 'Mo”@ﬁ& ﬁﬂdsiaé 6Hr958”t@£Qb$ﬁﬁ1EPi€Q cﬂréﬁﬁeegi of

Figures 4 I s not_present ur poses | S exa urn- of f

timb of thakead #4Q Hhsfele%hnee%%%e {99963 1ORe CPhoORAROBRBLRBIR. of 1 11 e
of transipilfivibraté®.86 Thé scehhéctedconi Nté Uinpet§siaaesoi ehar aph! cal ly

oo Thadadd hdRE, ShiRed af G g L, O bNE) SFBRE. B LG8l ohenc i,

of the1nshnmsmuﬁtrylbrmtageBG|ap0¢er$]omlheadh&?taaﬂspsOuudeerobefaII tinme

35 [ erstpyt TS dr'rdaed fad ?foﬁrgﬁééswrh@fé]sééofllga§§§ by the .
transi st or storage t1 ne err] e transisto tImB_
tfd0 |t daiivexed e‘gréeme'ahe ntrhegegpehgmloﬁowcel d%reia ipa M:the

g?s]cence C%]eﬁeﬂflﬂ@nséf C]Jliﬁv@ftég?él Pyesulﬂm,th@mhbegl BglﬁdfG?t@E of curve |
tranglosr,nt E?r"g' Eél}‘fgter%#yaiﬁagu%éet heseet Ir\éﬁ;?st E)(r)st I grr?sezng °
: Reference is now made to Flgure 7 which is a signal
'timing chart deplctlng a turn-off problem solution provided
15 by the drive circuit 81 of Figure 6. At line A of F1gure 7
'there is shown the base "ON" 51gna1 curve 31 from the
trigger s1gna1 source 23. Llnes B and C illustrate the
resultant waveforms 97, 98 of number 1 inverter and number 2
. inverter. deslgnated by reference numerals 92 and 94 in
20 Flgure 6. ' '
| Attention is next directed to the curves illustrated
in lines F, G, H and I, with particular attention to the
rise time curve portions 101;5102 of the current il and
_ iz-of curves 99 and 100. For_purpoees of this example, it
25  will be assumed that the rise times for transistors Q, and
Qz are perfectly matched and the turn-on problem noted in-
respect of Figures 4 and 5 1s not present.' For purposes of
this example, the turn-off tlme of transistor Ql has been '
_ selected to be shorter than the turn-off time of transistor
30 Q,- This difference in. turn-off'times is graphically |
shown at the right hand ends of current i, curve 99 and
current 12 curve 100. The total turn-off time for
transistor Q, is measured by the sum of the transistor
Ql storage time tsl plus the'traneistor Ql_fell time
35 tey. The turn-off time for transistor Q, is measured by
the transistor Q, storage time tg, plus the transistor



to begin conduction. 1In a simlar fashion, the -negative going ng
trailting-edge 45 of curve 31 if delivered to the bases of transistors-Q -
and Q s®sults.in the initiation of turn-off of these transistors. Because .
the 10 . turn-off tine of transistor Q is shorter than the turn-off tinme.

- of transistor @@, should both transistors be turned off at the sanme

instant, the turn-off problemof Figure 3 3T manifest itself and there

wWill be a burnout of the transistor @. It should be visually apparent -

that in 15 order to preclude the turn-off of.transistor Q from ,
occurring such that burnout problem previously described arises, transistor

Q wll have'to h@yefald tdme- &ffh.ti &6 wildybde bycalﬂed91nuthBC|ent to

al | ow the simul t ag3gy3n2218nCaEdEeLLRA 31 B¢ fiﬂ EACdbRLEE' SRR arive

nuneral s 106 and 10 ds: respectively of
curves 99 and 100SirRuils| of ﬁBéésé&P?nF§°ﬁe§§&r665155 edaehdSopferusye 3l

line E of Figure fruhetaethelgghalsdghax saﬂub@ed3lae&he@&kh to(tha balelels) of

The p05|t|ve g0|n f the ve 31
ional sour o323 SERPESAEArS; 01 '8nd Ba” cabser, Hhere, RTaI AT aL Ul and o
nunber 2 inverterQE4tOI339196CDnduhe1bnputInfaOElgaﬂarS&ashathstbnthe

Lur - on of ransi kghekal bBYngekruening| B USSLE! WE-08 B9 5998eb T Phea co

si-gnal curve 112 to e trug ere
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curve 31. TEﬁ out ut ofgg g}one
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curve 116. mnIPrBeo 98d°§hgfapﬁés LyPne 1835 8§ 6F03 @84 gﬁ i nput
35 on Iead 96 tbrnhofﬁntumeesftmranpmsmbrlm t,i shonildn bolth nuweineisors be
lnvert er 5'9“@hz%§d98§§ Q@a¥hﬁa%aﬁ"9REE%nQr'Qhe t réﬁofko &%Tﬁghﬁ%&a”t

the OR gate 88 receives t St put represent e
and. there rena.nsFaguggn3bg1géemaagfest 1tse1f and there w1ll be a burnout of

. the transistor QZ‘ It should be visually apparent that in
15 order to preclude the_turn-off of trans1stor Ql from
occurring such that burnout problem previously described
arlses, transistor Q2 will have to have its turn-off time
delayed by a time sufficient to allow the simultaneous zero
conduction state indicated by reference numerals 106 and 107
20  indicated at the right hand ends respectively of curves 99
and 100. The delay necessary is measured, as can be
observed, at line E of Figure 7 where the total delay
required is (tsz - tsl)-+'(tf2 - tey). The positive
going edge 35 of the curve 31, line A, from the trigger
25 signal source 23 delivered via lead 84, 91, number 1
inverter 92, lead 93, number 2 inverter 94, lead 96 to the
_input of OR gate 88 results in the turn-on of transistor
- Ql-by'delive:y of the-ppsitiveigqing edge 111 of signal
curve 112 to the OR gate 88. The falling edge triggered one
30 = shot monostable multivibrator 86 is triggered into
conduction by the appearance of the negative trailing edge
45 of the trigger signal source curve 31. The output of the
one shot 86 is shown on line D of Figure 7 as curve 11l6. It
. will be observed that the OR gate 88 has provided an input
35 on lead 96 which continues to a point in time when the
number 2 inverter 94, signal 98 goes away, at slightly prior



é%be ri-ght hand end of curve 112 an OR gate output signal for a period of
that continues for thetinme period [.err]). [It.is. graphically apparent * -
here’ that the delay tinme selected for the one shot nonostable nultivibrator
86 nust be selected to match the_izae period neasured by (t2 - t1) + (tf2 -
tfl). Wth a one shot nonostable nult|V|brator 86 having the tine 10 -
period just described, -the base of tranS|stor Q will beginits turn-off
tinme as indicated in tine by the point” 117 on the curve 99 of line G of
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drive C'ﬁéﬂbétéﬁﬂelﬁuBteeibreabty865mustcbenee1edteﬂ tbs matght thiede to

trigger sjgnal spucrce 2 dr| circ 121 is connected
at its ottPutPerHR r@§%§8f¥9e§§ é sﬂhe baé&s oxﬁﬁﬂansgfﬂ& err] and Q by’
| eads 128itH2a. ond&hshotigguestabhel mudsivdbratios éﬁebﬁWRQSIF ecéimected
e§@6Ct'ﬂ@%Yo&°% Aﬁ? sgg Be&32t9¥ §Qse oke%§§n§33t0¥2@ ad1by lead 122,

nu h tivi 27 3

one s rat or .and .t he iic buhbl.e 129 of

AND gat ebesbn itscturprghfetine ﬂ&sl&ﬁlﬁéttﬁét Pe&&méome d RALRY ead 133
to nunbef1? &metB8OEupvet DY BEAlehelB4ofTRdgnuwebar. 2 one shot nul tivi brat or

Separ ot o PO the:Perboiins, REFAERIAR SRR Rt
: turn-off problem described in respect of Figure 1 and 3 has '
15 been solved. - Transistor burnout will be completely av01ded
" by merely measuring this actual turn-off time of the
transistors employed and then selecting a time delay dev1ce
- that will have the requ1red delay necessary to cause
simultaneous conduction.-

20 _ Reference is now made to Flgure 8 whlch illustrates. a
preferred enbodlment of a drive circuit 121 for parallel
nonmatched transistors Ql -and 02 : Tran51stors Q1 and
Q2 are interconnected as heretofore described in respect
of Figures 1, 4 and 6. A drive circuit 121 is electrlcally

25 connected at its input side to trigger 51gna1 source 23 by
lead 122. The drive circuit 121 is connected at its output
side respectively-to:the bases of transistors Q, and Q, |
by leads 123, 124. The trigger signai source 23 is _
electrically connected respectively to an AND gate 132 by

30 leads 122 126, and by lead 122, number'l one shot
mult1v1brator 127, lead 128 and the loglc bubble 129 of AND |
. gate 132. The AND gate 132 has an output lead connected via
lead 133 to number 2 one shot multivibrator 134. The number
2 one shot mu1t1v1brator 134 in turn is e1ectr1ca11y

35  connected to an OR gate 145 through separate electrlcal

- paths. One path includes lead 136, number 3 one shot



-17- mul'tivibrator 137 and |lead 138 electrically connected to the OR gate_€z§>
,145.+ The other path incltudes |ead 136, |ead 139 nunmber .1 inverter 141,

"l ead 142 nunber 2 i nverter 143, and | ead’ 144 which is electrically ~
connected to the OR gate 5 145. The OR gate 145 has its output:

electrically connected to | ead 123 whi ch-Lm-turn i s connect ed to the base

of transister [err]. Ref erence is now nade to Figure 9 which is a signal

Fimng chart that illustrates both the turn-on, turn-off 10 probl em
sQfution provided by the circuit of Figure 8. In the'parallel transi stor

circuirt environgRiteiiviidtci 487 arfd QWS .39 %eﬁtfn:g;&ag?u{’r cdrtiet PR

it is assuned that-the turn-on tinme _and turn-of ansi stor [err
and @ are not PR Q¢ 14 Fheothermath inglydes dand 436, lead difd
‘that the turn-omumber florinvertsrstiol [ aedd 14 smme&r 2 hatvdeed W4B Oand

time for transi '3 Iy et ur.n- off tine for tr err I S
shorter than thé‘ S i E:rﬁ ]wrltl%r'g’e i(%] etlrefnt IS a&lnyon cﬁﬁ'daq’rﬂ Sttrbee Jt
assunpti on$ theddSMIIThﬁwQﬂagaﬂarh%&rh!azﬂts oqﬁputtnledgzxﬁahkxﬂunnnented
“burnout. It shed 4 g a9Hi MM RELWDE R G T fhddd'of Of

Figure 9 which curve 151 represents the current rough transistor
[err]; that thi $TARSISERIsSysses the turn-on characterrstrcs of the curve

El of F;guraS angstzhafetﬂgm':ef 1]<§1ai’oaﬁtrﬁdétudl$'1%ﬁzre OfwHith dy @ Syl
i gure rv 0 e i,gur.e 0 ur n-

characteri sti cs% &% &ha& g\j'rlg" Q?thpst ﬁ’é’ﬁhqﬁi’%;ﬁ“r&aﬁ’ﬁc{%’r@s‘ﬁ% of
curve 10016f Fi gmoebl‘mn ‘Ewé.mrone priovidied Hyl fheodideuit |afyifFdiqutevd Kk t hat
will generate a tine % ﬂﬁi@é%ﬁ:# . s Q{:Mﬁ circuit
érrangerrent t hat _inclu eé%r?ﬂ l lég’ngt" X ?ﬂﬁdﬁsgea ve1 1

generation of tﬁéltq%a(i@lda}fblﬂ xeyBue £073 H@%Qfeﬁfr i s |¢¥mm1ﬁjncltﬁ ok
with Figure 5 apgsidtRedinting &heC urnSmoft ified Wrd 4urlio M Rada o of tine

?ﬁlea%/uflrjll 3ﬁ E:Iur e 153 rene&lesﬁniegztsurn %(%:8“@% %md3.5 Fmprpeusregpc';sebsecafr,rse of -

15 ‘this example it is assumed that the turn-on time for

' transiétor Q is shorter than the turn-on time for
transistor'Qz, and the turn-off time for transistor 0
is shorter than the turn-off time of transistor Qz. Under
this set of assumptlons there will arise the maximum

20 possibility of transistor burnout. It should be evident
when revieﬁing the curve 151-6f line D of Figure 9 which
curve 151 represents the current“ii through.transistbr
Ql’ that this curve possesses the turn-on characteristics
of the curve 61 of Figure 5 and the turn-off characteristics

25 of the curve 99 of Figure 7. Curve 152 of line F of Figure
9 possesses the turn-on characteristics of curve 66 of
Figure 5 and the turn-off characteristics of curve 100 of
Figqure 7. The drive circuit 121 providés a logic network
that #ill'geherate a time delay pulse curve 153 as a result

30 of thé*ci:cuit arrangémént"thét includes number 1 one shot
127 and AND gate 132. The generation of the time delay
pulse curve 153 is as described in conjunction with Figure 5
and ‘the -drive circuit 52 of Figure 4. The éppearance of

- time deléy pulse curve 153 remedies the turn-on problem

35 ‘present’ because of the turn-on t1me mlsmatch of tran51stors

Ql and’ Q ' : '



(géﬁe turn-of f problemis renedied by t he appear ance .of the tine del ay pUIse
urve 154 of line K which tine delay pulse curve 154 i.s generated by the’

v circuit that ine¢ludes nunber 3 one shot 137, nunber 1 inverter 141, nunber

25  inverter 143 and OR gate 14%.. The operation of this |last nentioned

circuit is as was described in reSpg&t of the drive circuit 81 of Figure 6.

The appearance of the tine delay .pul se curve 154 renmedi es the turn-off

- problemthat arises due to the mismatch in turn-off tines of transistors 1 -.

and Q as evidenced by circuit.curves 151 and 152. The descriptions
referred next Ah®&YEnRFEpreblenthe temedied by the appearanaeodfand

turn-of f EHéﬂﬁfHE;délﬁyC¥E§s@0éu99¥eisﬂrofrfﬁﬁetﬁewﬂﬁéhoglﬁé ééﬂ@y'n whi ch
both transistors [er

r
the peri RI8% ¢ YF(#F%H&FtQﬁ?FEﬁFeg P¥ ?h?sch&%ﬂbFe hat. hﬂ?}uﬂéseV|dent
that the rfumbver 3 wne shattn'ggemmdbeﬂtb toveritér ob4hs numbetl 2 of the

-

o,

a full c nduptlon st ate_ 15 bet ween -

Gol Wer o ar 1L, J0FY AAETOR SAEYCLIR, LORL' GpaPBELGRI0E eREL ERED (i oy

curve 31 misﬂmd |¢M¢Wet Alefagiyascd@sonibedt bnarespectnef dbbegnat ed

[err].  diugy deirdwid r@yr@fsr%&wneousnalagﬁéapaneé &sranefhmshe nunber

2 one shot 134 must have a ti me selected such its on-tine
equal s [ &eYay \Ryisecurve ﬁrF%%@@*?%uF?e1?3r?h°5%e?§?P%ﬂma§hﬁ§s been
descrl bechrises/\lldde bta:omerxvsﬁn&h@ﬁ izlilet{:ﬂi-ﬁc]:fﬁutixﬁélé 6fr ¥eankiktoesD and

f ol d d I
15 gy . 85 5 Fridieda BY (it LERERRE LAEBRR 1R Lo raher

the p0|m$$euﬂhsnnngfibm® refefr@érméxtuabewe beddirgectedeho bhelines D and

F are in dﬁ;%ﬁﬁi& BEBGLH LR, OEu}f-]ﬁ‘ weaﬁa're& -8# %Oé‘ﬂiéfné’” bl HBF?au s

erre ment -as set ort FI gure thte of a

p035|m<aﬂQ$|¢9YEﬁr%ﬁeﬂf¢ﬁtthE§ Pﬁé*%dl%faté%ﬁp¥%t€thBnh95h in turn-on and .

turn-of f gidffistors Q, and Q, are in a full conduction state
15  between the periods of turn-oo“and turn-off. Ip this
exemple, it will be'evideht that the transistor Q2 is
triggered’ into conductlon as a result of the appearance of
trigger 31gna1 curve 31 from trigger ‘signal source 23
_dellvered via leads 122 and 124 to the base of Qz. ‘The:
20 trigger signal curve 31 as shown 1n line A of Figure 9 has a

total on-time de51gnated t In order to insure

base®on""*
simultaneous initiation of turn-off, the number 2 one shot
134 must have a period of time selected such that its
_ - on-time equals tbase "on" (t2"on" - 1, n“)’ With
25 the drlve circuit 121 in operation as has been described, it
will be observed that the i, current curve of line D and
~the 12 current curve of line F having as indicated
respectlvely at. p01nts 156 and 157, the coincident state of
_"full conduction. 1In a like manner, ‘the points 158 and 159
30 _of i1 current and 12 current of lines D and F are in a
51multaneous zero or in the current off condition.
R In the preferred embod1ment as set forth in Figure 8,
" the worst state of affalrs possxble is illustrated in. that
there is a complete mlsmatch in turn-on and turn-off times.
35 In practice one may flnd that transistors or semlconductors
involved possess elther matched turn-on or turn-off tlmes, |

L 4



35 In practice one may find that transistors or seniconductors-involve
,possess either-matched turn-on or turn- of f tines, 19 - and in that.

event, the drive circuits of Figure # or'Figure 6 nay be enpl oyed to renedy

the_burnout probl em and either one or both of the drive circuits 52, 81
shown in Figure 4 ahd Figure 6 nay be cogli ned as shown in Figure 8 to

~insure that in respect of a pair of 5 ~transistors or sem conductors the
7ot al. gn “PE wi | abﬁifmi(ﬂlﬁﬂ: e'wi:ﬂ ha:riz‘eerazcla;]éittﬁﬁﬁum NSEILF 1§ @ e or
regove Ref erence s nom1 | I C t s ,anot her
enbodi ment of & dr e M R Sehach T JOH R R SRt en
Application No. 84%81)2eltmar onehemboth of cuhe drmtejctesrtmiitse?ez 81
el ectrical- contact ;ng Yt t fzar Q
circuit having a power l'gour ce ggfﬁél \r}ler (fg'r SS ter a}?% éfé'%é’cer%;gg shown

“positive term nal -Hgl Bignnredatiodnsund kiatien zerpert bl Bk cohduct or

in the formaof 15 ¢ridfsaticrd o senfiTcHiidtdrs daid adbul Idﬂtﬂtﬁﬂmpﬁp%é n

parallel to transistor Power del ivered across 05|t|ve and atjve
termnals 161, 162 W‘ifgﬁ‘{'\/é’tﬂd SRR Lo P t RRpRkeR srem ved.

connected to a first el Rdfdmaice ant amw haBeoftd IRipird @0 [whidh adebictd

third electrical t of,.transi V|a S 168 ositive
f eedback transforma;}lc’\%\/ﬁ'ﬁldﬂ1 % 1% tha J% rsutafic k: qud%aarrg c@?ﬁ act
163. The first el ecmwemilqmmi‘aaurl&bpsndelr@:tkppﬂaldqﬁmm@d &@hBCS;acond
Slectrical comact S Ald LAY Sph e & SR AidoAULdl Lodidet

el'ectrical contact 164 1s coup to t of transi st [
el ectrical |y connect®®qndusker im they Loy of7 Frangiften Ry 11'661nv€h| ch

|'oad 166 is eIectdeydu&@QQﬁﬁg@pQprﬁeﬁwgdurdémaémiﬁaﬁéaag&w&gsternlnm
-162 The drive ci rctuelxtmlc}lcal?’so 161 a urroessl%olsr:lx.ctlll{rdeestetrr}x%.r]:al l Oé,\f. ngnd) negatlve
conponents: a
terminal 162, and a second semiconductor in the form of
15 transistor Q', as shown in dotted outline connected
~ in parallel to transistor Q';. Power delivered across
positive and negative terminals 161, 162 is delivered
to a load 166. The power source is connected to a
first electrical contac¢t 163 of transistor Q'y and a

20 third electrical contact 164 of transistor Q'; via
. leads 167, 168, positive feedback transformer winding
169 and lead 170 to firet electrical contact 163. The
first electrical contact 163 is electrically coupled
~ to a ‘second electrical contact 165 of the transistor
25 base Q' and the third electrical contact 164 is
coupled to -the base of tran51stor Q' and electrically
connected to leads 171, 172 and 173 to the load 166,
whlch load 166 is’ electrlcally connected in turn to the
negatlve power terminal 162. The drive circuit of
30 . Figﬁre 10 inclddes the following basic components:
logic signal source 178 shown in dotted'outline_at the
left hand end of Figure 10. The logic signal source
178 is electrically connected to a transformer coupled
_ drive-circuitll79 shown in dotted.outline at the center
35  of Figure 10, by electrical leads 181,182,183 and 184.
The transformer coupled drive circuit 179 includes
- a 9051t1ve feedback circuit electrlcally coupled between the .

f

\



Ié@&c:5|gnal source: 178 shown in dotted outline at the left hand end of
‘Figure 10. The logic signal source 178 ins electrically connected to a » .,
transforner coupled drive circuit 179" shown in dotted outline at.the center
35 of Figure 10, by electrical |leads 181,182,183 and 184. The . '
transforner coupled drive circu®0179 includes a positive feedback circuit
electrically coupled between the . -20- first electrical contact 163 and

the second el ectrical contact 165 of the transistor [err].. This positive __
f eedback circui-t-is provided through'transformer w ndi-ng N5 for reasons -
t hat wiflile site @dree tayipzale reorsirat th el 6% pdrad niette necortd eléeitt ycder ei nafter. -

huner aCoRrAEE LAY B8 Mhd LA B pd GO | AN BERL OO Plefack! SiﬁCfSe
for beFﬂéF&ﬁﬁlkﬁ(ﬂﬁgﬂkﬂeQMﬁthﬁﬂh vxansﬁnnnﬂr|w&ndrngcﬂﬁr§¢w turn-on

si gnal retarseWst thdt 11 Bdvdie | dpplitdidl 4nd | béiCe xF1 4004 ot & 0Ugh
t ransf ndi,.ng to tﬂ second electrlca! contact 165 and is

céntro byt THF e si RNy |Re@FStHRe r esonant -
inpulsedﬁdtdowmlmd;sﬂgnatxnntoﬂiﬁbﬁﬁfbﬁné fumétal n T6Yurerhi®m and will be

| f t ot -of f
o bnal BERIELVR Fhsdhdck, enrliidh Ie HundAS AL TBGREAF HOFTL T
S|gnalbﬁﬁﬁ@ﬁgﬁﬂﬁhﬂﬁ%&;ﬂwﬁﬁﬁpaih&@m%ogreater than the turn-on pul se to

provide effegq 'z‘éﬂ.sdx?éﬁéi it ¥ f o SEEATor heidda1 cPPsiit VEsgeedback -
portlon of tq6¥base rrent, to fransistor The resonant- | npul se current

di0r cui SheHMN I°W§%‘q%;%ﬁnﬁﬂ?ﬂﬂ?41EREHPQﬁrﬁﬁ§EF§8F@Brthe second .
el e_ctrmmldimmmmcttdaﬁxambcmcrmé@umh:bycéﬂ}eaéoglcs sag@atssource 178 in

Gescr: benteR IR GEN, L B4k 1 otat A cBfs - IO cdrvatiey 356 e
the resonant impulse turn-on 51gna1 c1rcu1t 186 are set
forth in Figure 1l0a and w111 be explained more fully

15 hereinafter. -

A resonant impulse current turn-off signel'circuit 187g
shown in dotted out11ne provides ‘an’ impulse turn-off 51gnal
through winding N4 of a value greater than the turn-on pulse
to provide effective rapid turn-off and overcome the

20 posxtxve feedback portxon of the base current to transistor
Q* 1 The resonant impulse current circuit turn-off signal
187 is coupled through w1nding N4 to the second electrical
contact 165 and is controlled by the logic signal source 178
in a manner to be described more fully hereinafter, when

25  Figure 10b is described. |

| A fixed current level turn-on circuit is provided by a

path from a 28 'VDC source through leads 188, 189, trans-
former winding Nz, lead 191 tran51stor dlode combination
QB' D2, end lead 192 to ground 193. This f1xed current

39  level turn-on circuit is coupled via w1ndings N2 and N6
through res1stor R3 to the second electr1ca1 contact 165 of
the base Q' '

The flnal component of the drive c1rcu1t is a turn—off
_ steady state reversed b1as c1rcu1t that is prov1ded by a
35  path through windings Nl, tran31stor QA for ‘the steady
state turn-off and reverse bias of transistor Q' The



path froma 28 VDC source through | eads 188, 189, trans- forner w nding N2,<§§>
Iead—191 transi stor di ode conbi nation [err] [err], -and | ead 192 to ground -
"1937 This fixed current 30  level turn-on circuit is coupled via w ndings

N2 and NG through resistor R3 to the second electrical contact 165 of the

base Q 1. The final conponent of the sfjwve circuit is a turn-off steady

state reversed bias circuit that is provided by a 35 pat h t hrough
wi ndi ngs N1, ‘transistor OA for the steady state turn-off and reverse-bias
OL‘tranS|stor Q1 - The -21- drive circuirt broadly described above

provi des optg PP@%tE{PcQQtaBGOSHig 8&% ga EB&thgFBGQE§ssbgﬁlﬁh$

Ref erence i s now nmade ure si gn 8 art -t hat
i'llustrates PHERIPYNARG EPEEEﬁff FatRe §°r ther soaRSdpterglie-10. At line

J of Figure 11, thnéeeténcélﬂsthaaeﬂaaaetde?hgedelﬂrahhikhbageacsagaal

f F iIh f thé
paveronm Frouihe SESet! PhARAPIRSERILEG Lhor RBEShs Chrblenb UL Ol
consi stant defrenit veftBiguoe h0d tAtnldbhé Ji oBfsFigheelDl, these dsrrent
during the 'Yiiéde #0da! tho- 8eLitedrsasliovhd bsaggeadgkXRE WAvREEER, | hat

the nost rapid turn-on and_ turn-off occurs. Mcco
Figure 11 theFemjkh %h@%ﬁ°§1$5593|P§°696ﬁaﬂgvéntEﬁﬁpéﬁtsqﬁatbem&VQHpense 196

and a negatla@rﬁWSfﬂdpv6b1Eﬁp ot f sRohza %87rec$§ﬁlﬂéaveh3trﬁulbreErlio
Figure 10 is,intend

a r oxi mati.on
base current*23HHH %ﬁ"??ﬁga 8 E?ﬁgkévﬁlggg eébegﬂhtﬁﬁfnmﬁggfﬁﬁﬂﬁéﬂ Lhe
[err] Dbase cuasencupreutdédrbqgtbbedtuvn-onrandttusnsbﬁﬁntmmeslahohldfbe

Figure 11. The oP8PL 44N 1RV BEALL VEnb Y BnQ! aggnégpgagggggyophgh?eygggngg?ase

of [err] as SHown ar e 1 r's-in
numer al  198. oq¢u¢%er|ks0¢§ébnahr.tatnlbnecareﬁuqueseollthere ieaspown des

the wavef or iy 198sid1ee S67&Lar § 68 0PaPA-bHM BqRhkeChbeli bul8é 2b6Thadr g | O0
negative overdrive turn-off pulse 197. The drive circuit of
15 Figure 10 is intended to provide a close approximation of
the deszred Q', base current shown on line J of Figure
11. The resultant waveform of a Q'- base current
provided by the drive circuit is shown on line L of Figure
11. The positive:overdrive turn-on signal provided to the
20  base of Q', as shown at line L of Figure 11 is indicated
by the reference numeral ‘198, The series resonant turn-on
circuit 186 of Figure 10a'provides the waveform 198.
The series resonant turn-off circuit 187 of Figure 10b
provides the negative overdrive pulse 199 as shown at line L
25 of Figure 11. Reference is again made to Figure 10 in which
there is shown a trigger signal source 23 electrically .
"connected to the logic signal source 178 via lead 177. The
logic network illustrated in the logic signal source 178
illustrates an example of how the required logic signals
- 30 that are_éssen;ial to control the transformer coupled drive
179 can be generated. Returning to Figure 11 the signal
curve 31 illustrated on liﬁs A appears on lead 177 of Figure
10. This is the same type of signal described with respect
- to Figures ?i 3, 5, 7 and 9. The signal present on lead 183
35 is shown at line F. The signal present on lead 181 is shown
by the curve illustrated on-line G. _The signal present on



g&;pvides t he negative overdriveé pulse 199 as shown at line L 25 of _
gure 11. Reference is again made to Fi-gure 10 in.which there.is shown %~ -
\trlgger signal source 23 electrically®conhected to the |ogic signal source .
178 via lead 177. - The logic network illustrated in the |ogic signal source
178 illustrates an exanpl e of how22he required | ogic signals 30 that are
essential to control the transformer coupl ed drive 179 can be gener at ed. .

" Returning to Figure 11 the. signal curve 31 illustrated on |ine A appears on-.
| ead 177 of Figure 10. This is the sane type of signal described with s
respect lleadFilg2r €5 Zhckn By lrm(h%na'llhamugmdaqudamtlme IeadardB3 35

is sho i esent I the curve
il ust\rl\gtlgélllknl t'?xe é’i%}aﬁ | g tpr%g‘r;eln%Qi eg%j %%Hqs" aﬂ\l&}?l s shown by
t he si gsdgnalll Mtefsatné‘d o linee 14 &the famllqpe tofe theyreignalessmwion | ead

184 is %h&omney:.tm %*igﬁfﬂe meqentmam Id;%ﬂ 4 sﬂlﬂaﬁﬁ@'% of “the signal
shown at [|ine gure 11 is nmade up o separate and
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circuit of ure 10a. This_series Gsonant turn-on signallcircuit of |1Qa:
i 40 conv?ﬁf’ﬁoﬁ CHEFaNf develnFeprasantad M qugvg R ¢ Bhe  circuit of
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15 circuit of 10b is a conventlonal circuit that provides the
fourth and f;nal_component of the Q!l,base current shown
at line L of Figure 11. With respect to Figures 10a and
10b, as well as Figure 10, it will be noted that the
resonant impulse turn-on signal circuit through the winding

20 N3 required to speed up the turn-on is accomplished by the
resonant- combination of capacitors Ci with the inductance
Ly of the transformer Ty - ‘The turn-off pulse 199 is
achleved by the combination of capacitor C2 with the
inductance Lt of the transformer T, Charging of the

25 capacitors C1 and c2 is provided by resistors Rl and

' R, respectively, while diodes D3land_D4.provide for |

stopping the resonant conduction after the first half cycle.

Reference is now made to Figure 12 which shows in
block dlagram form how the drive circuits of Figure 10 may

30 - be employed in a parallel transistor Q° 1 and Q'
-arrangement. _ _ _

In Figure 10 transzstor Q' was shown in broken line
fashion. 1In the brief descrlptlon of Figure 12 the same
reference numerals used in Figure 10 will be employed to

35 desighate the same coﬁpbnents. Accordingly,_a source of
' power is provided across positive and negative terminals 161



-

resonant conbi nati on of capacitors Cl with the i nduct ance Lt of the
tr-amesformer T1l: The turn-off pulse.199 is achi eved by 't he .conbi nation of
capacitor C2 with the inductance Lt°* of the transformer T1. Chargi ng of the
25 capacitors Cl anhd C2 is provided by resi.stors R and R2 respectively,
while diodes D and D4 provide for stoppt®¥the resonant conduction after
the first half cycle. Reference is now nmade to Figure 12 which shows in

_bl ock di agram form how the drive Circuits of -Fi gure 10 may 30 - be

| oyed in a parallel - transistor and arrangement. In Figure 10

: tranSI stor . andad62NOoWA itt ilggeitesiginad saalticen23 lis shown Iee.fectrlcally.
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cuit network, wherein the circuit network has a source of power ¥

ceupf ed t hrough t he paral | el connected electrical devices 5- to a |load,>

- and the drive circuit conprises a signal sour Illlmlmlmlwlluw h.a tining
~circuit to the electrical devicesyathe timng Iy
controlling the total on-tine of one or nore of the &l ettrical devices so
that the individual on-times 10 of the respective electrical devices are.
mutual |y i dephkmal as regards the instants of conplete turn-on and conpleté\#
turn-off. 2—Adrive circuit according to claim1, wherein the 15

‘el ectrical devices are transistors. 3. A drive circuit according to claim
2, wherein the tim.n irguit conpri means for .initiating the turn-on . -
time periodd-of An@TANE GLAGHLE FRHEIERLFS, SIgCtrichl, Lavites (o a

~transi stor boafestegdalinf paratlielsignal cieande, natwdirk ew&émt.ants SO

that the en urnson_ti perlods of t ransj st coi nci de. 25~
4, A drivgﬁglrc%gpl§CESFgPﬁg ggscFalﬁchgrogI§OW%% e |_ the timng
circuit conphroughnshesphoalielt connegtede electrdichalt ideviges ods of the
- i ndi viglual Eeaasuasarsananthssaea%@ EQrE%&@ Raip?1 Qs & Iiypahistor base

signal fromthe S|gnal .sqQur ce, ferent instants 'so that the ends
of the turnsePF°F|ﬁ@uﬁéPﬁOG§IBnghé FRE&§FSF6F§W§& G e 5. A drive:

circuit acceldcegitalaggveteslaithe 2imdng circui?5 invaddideialiyhe -
transistors arﬁrt .in anb%r g. ;A.drlég circuit accorglgglto claimb5,
wher ei n t hePP HSQ&PﬁcE  FRtplagR~kimer SF RESENST MOLSoR %0 a base
pul se si gnaklécomithd degheaksssor thatt thel iadiviidual on-times

10 of the respective electrical devices are mutually

lA drive circuit coupled to electrical devices connected in par al I el
8

: 1dent1ca1 as regards the instants of completeturn-on
and complete turn-off.

2. A drive c1rcu1t accordlng to claim 1, whereln the
15 electrlcal dev1ces are transistors. '

3. A drive circuit according to claim 2, wherein
the timing circuit comprises means for initiating
- the turn-on time periods of the individual transistors,
20 in responsé to a transistor base signal from the
signal source, at different instants so that the ends
of the turn-on time perlods of the transistors

c01nc1de

25 4. A drive circuit according to claim 2 or claim 3,
wherein the timing circuit comprises means for
initiating the turn-off time peridds of the
individual transistors, in response to termination of
a transistor base signal from the signal source, at

30 different instants so that the ends of the turn-off
time periods of the transistors coincide.

5. A drive circuit according to any of claims 2 to 4.,



5 initiation of the turn-on tine period of a first of the tran5|stors€§§§
10 cause the end of the turn-off tine perlod of the first transistor to S

~coincide with the end of the turn-on*tim period of fﬁé‘seeend\gi\ing§\ .
transistors, 10 . : ‘a second neans coupled to the neans to
initiate a S|gnal at a point intinme after jbe_start o Wh

signal represented by the difference in the run-on ti

nd
second transistors; the signal fromthe second neans 15 renalnlﬁg ! a_'
tipe period equal to the base pulse signal period |ess the difference in
turn-on tines of the first and second transistors, and a third neans
coupled to the second neans and responsive to the end of the signal from
-t he second 20 means to alter the initiation of the turn-off of the first

transi stor to cause éggﬁﬁﬁﬁtgﬁ {pg éyég?géf?ééngw ? %oguggeéhe first

transistor to COInCI e end urn-o i me period of the
second transistor. . A drive circuit according to claim6, wherein

the first means IncgudesAaarN@ 88t 8ubeVh 880281 RY! RYt cTRIR! ﬁd {Retbensergnd
means, and a pair of .inputs, one ipput being connected to t base pul se

si gnal source and tE&MdPEeFiFApLE bRFhadesnActiEatiReEANGh BBSPONBIYErEP Bne

shot multi-vibratorphget belbasemuésefﬁo@naheseugﬁel sourcéf. toB8alteA €heve
. Ci rCUIt accordi ng '[q1 qJ
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the first neans andtaanemqurscbopteds&ouﬁe endt b€ thertuneaoff fime A
drive circuit aCCOfBEPQohooﬁ'eh&T§ir¥@e£§£Hs£Q€or to coincide with the

. ' end'of the turn-on time period of the second of the

. o _ transistors, '

10 | a second means ccupled to tre first means tc
initiate a signal at a point in time after the start
of each base pulse signal represented by the
difference in the run-on times of the first and second
transistors, the signal from the second means

15 remaining for a time period equal to the base pulse

. signal period less the difference in turn-on times_'
‘of the first and secona transistors, and
a third means coupled to the second means and
responsive to the end of the signal from the second

20 _ means to”alter the initiation of the turn-off of the
first transistor to cause the end of the turn-off
time period of the first transistor to coincide with_'
the end of the turn-off time period of the second
transistor. '

25 7. A drive circuit according to claim 6, wherein the
first.means includes an AND §ate having an output
coupled to the second means, and a pair of inputs,
one ihput'being connected to the base pulse signal
source and the other input being connected through

30 - a first one shot mult1-v1brator to the base pulse
signal source. '



A\rd nmeans includes an OR gate having an output couple e_of the

!ﬂput -
one -

st transistor,

(fE; and a pair of inputs, one input b
coupled to the second one shot mul ti Vi brator output rmm ﬂ@

bei ng connected through a third one shot nultivibratdr ¢o

shet--nul tivi brator output. 15 10. - A drive circuit accordlng to any.

preceding claim
drawi ngs.

10

15

substantially as descrrb@& Merein with reference to the

8. A drive circuit according to claim 7,

wherein the second means includes a second one shot
multivibrator having. an input coupled to the AND gate

output of the first means and an output coupled to

the third means.

9. A drive circuit according-td claim 8, wherein the
‘third means includes an OR gate having an output
~coupled to the base of the first transistor, and a

pair of inputs, one input,being electrically coupled
to the-secondﬂohe'shot multivibrator output and the

other input being connected-throughla third one shot

multivibrator to the second one shot multivibrator
output.

10.. A drive circuit according to any preceding claim,
substantially as described herein with reference to
the drawings.
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