2112226 -1- CONTROL CIRCU T FOR SOLI D- STATE SW TCHES This invention rel ates
to control circuits for controlling solid-state switches, in particular. for
5 controlling the state of solid-state sw tches which have hi gh vol g@ _
and-rel atively hlgh current capabilities. U S. Patent 4,250,409 describes - -
control circuitiy for controlling the state of high voltage and rel atively
hi gh current capability solid-state switches such as the 10 gated di ode
svmtches (GDS' s) described in the article entitled "A 500 V I\/bn ¥_t1r12 %
directional 2 x 2 Crosspoint Array,"” 1980 | EEE I nternational So JE
cuits Conference-Di gest of Technical Papers pages 170 and 171. As the
-patent points out, special problems in 15 controlling the GDS result fram
the need to prOV|de or to renove a large current fromthe gate to switch
the device to the OFF state. The control circuitry consists of a npderate
nunber of transistors and a current limter elenent. One problemwth this
~control circuitry is that 20 sonewhat undesirable current |evels are
injected into the load switches and the circuits associated therewth.
because of variations in the current limter. It is desirable to have
‘gircuitry which perforns t he sanme basic function as the above-descri bed
control 25 <circuitry-but which does «otlrequire a current limter .and
-whi ch requires fewer conponents and less silicon area for inplenentation.
28 - According to this invention there is provided a -2- control
circuit for use WtWthe type

compri sing a ser coriglud ofnPogs 5§ oTateR LS 6hEEY Elrcalss yaiy hioh
reglon

‘resistivity, .a flrst st conductivit

relatively Icﬂont!nkiinstiﬂltﬁmﬁﬁﬁﬁ%nﬂwﬁﬁﬂh?ﬁvanrEQ?Eﬁguigragggcond
conducti vty doipfrfPPOSE [ €hé Ndtaté 61Cso11dlstatoduslitehyst wadeht havei rst

and third "eGah voltags Cang retat vty Phl gh CtikPéhe 8hphBi11ties.

' U.S. Patent 4,250,409 describes control ecircuitry
for controlling the state of high voltage and relatively.
high current capability solid-state switches such as the

10 gated diode switches (GDS's) described in the article
entitled "A 500 V Monolithic Bidirectional 2 x 2 Crosspoint

' Array," 1980 IEEE International Solid-State Circuits
Conrerence-nigest of Technical Papers pages 170 and 171.

As the patent points out, special problems in

15 'controlling the GDS result from the need to provide or
to remove a large current from the gate to switch the
device to the OFF state. The control circuitry consists
"of a moderate number of transistors and a current limiter
element. One problem with this control circuitry is that

20 somewhat undesirable current levels are inJected into the
load switches and the circuits associated therewith
because of variations in the current limiter, '

It is desirable to have circuitry which performs

the same basic runotion as the above-describcd control

25 circuitry but which does not require a current limiter
‘and which requires fewer components and less silicon area
for implementation.

28 According to this invention there is provided a
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- device, the second region being coupled to a control 10 term nal of the
device, and the first, second and third regions-being nutually separated by
. portions of the but& of- the sem conductor body, including a second gated
- di‘ode switching de %e—of t he sane-type and essentially sane electrical ... .
characteristics as the first device-152and having an output terninal

‘coupled to the control.termngl._of the.first Lce e rol circuit ST
bei.ng capam(??ﬂé%ﬂiuﬁ§¥ﬁ%ftpf?5 ®s rgggbe§t3g§¥gvéFt%p g&%p%nt into the -
—~second devi ceswitmhing rdewhce f ofir the stypeheogprtdsings acseniicandug taxcont rol -
~termnal and §d 4w th&Pn 0 ~ppd r &b trol termnal of ™
the third deJ%%g?g%d a ?i?zﬁﬁgﬁt ﬂ?i?génégagbggk?ﬁgipgﬁﬁg devi ce  bei ng .
coupl ed to a ¥egiativityelacfivsttreghon of @i firstacordyediyityut ternina

. of the fourt hygisy i ik b6t NBeTRVDVETy! Dok FeEEELRVIRY, hAGTsedlond ande second
25 device, the contro] termnal o tae foHrth dSV|c§ and the first output
termnal of tHEXHTeE cRf L fgcepd ragapgtivity, kype,opPosite it |

term nal, andthkatespntheutirstteondnetivityyheypbir dhdeticsthandy thixd ed to

. the control termn { he_ s: 1d_deyjce e Lnyention wil

- now be descriéﬁé?%§gvé§?é§'%§§ﬁ%€g°§a¥ﬁ'§%F§$EnEErP$“F§§ ggco anyi ng
drawi ng whi chlevieess rthessecondt reghonsheing eaupdpidngot he comtaodi on.
Ref [ o] ' hh Ching sigt - C hge 0
cirou tra0ls et BEUNAG dopiogsand 243 ETTPE, CIRRORL RIS | L
out put tern RAsiRpT-Peing g erably separatednbyhprostions Pfadbepass) gated
di ode swit chigiflid eyt Ctite GSmiconduétdi’bodits #n6laddfigoh sedbhdigateae

- cathode of Clliag" SefBLEE 8efhn o i pabs EEBRLeRd, BRAS RN o
- 36 and to a EEmstekdctrical ¢HaradberietiesoasCbbe2fawdtt devdeehode of
Cost s o . S e AR ol T BEOTERRSE) 0
~potential sofezmipal of the first device, the control circuit being y
-~ capdble of supplying up to a preselected level of current
into the second device, and third and fourth switching
devices each having a control terminal and first and

20 second output tenpinals, the control terminal of the
third device and a first output terminal of the fourth
device being coupled to a first control circuit input
terminal, a second output terminal of the fourth device
being coupled to a first output terminal of the #econd

25 device, the control terminal of the_fourth device and the
first output'terminal:ot the third device being coupled
to a second control circuit terminal, and a second output
terminal of the third device being coupled to the control
terminal of the second device.. ,

30 The invention will now be described by way of
example with reference to the accompanying drawing which
illustrates a switching-system embodying the invention.

Referring now to the:drawing a switching system
10 comprisesrcontrol circuitry 12 (within thejlargést o

35 line rectangle)_which is coupled by an output terminal
34 to the gates of a pair of high voltage load'(pass)
gated diode switching devices_GDSLi and GDSL2. The anode

38 of GDSL1 and the cathode of GDSL2 are coupled to &



The conbination of GDSL1 and GDSL2 functions as a bidirectional swtch

whi ch sel ectively conducts between ternmnals XO and YO via a relatively | ow

resi stance path 10 through GDSL1 or GDSL2. Control C|rcug$;y 12 functions

so 4s. to supply the needed potentials-at termnals 34 and and to supply. -

~the" needed potentials and current sourcing or si nki ng capablllty necessary
tqcontrol ‘the states of GDSL1 and GDSL% . As is known, a gated

di ode switch (ﬁﬁfminatpxbsandateealtdmducmermﬂnaﬂ thangeaﬂuﬂdr|RRJ|on

his of a n YoleYR d t ikyely Si an
gﬂ%ge regi on dé %ﬁ5°§?r§?§%%ﬁ530??v,§ 18 c@ugigﬁbF%ahrngﬁﬂyé dﬂé)%o
resistivity, gatbotentialnhsaureegVdnms ahezgnoéese@oﬁ@%m |'bhet y type

-opposite that gathb8el b¥StDSLIIHEE &bhmbnp%o alRRrdia@de ¥ a5l e
regions are connected to output termnals of the swtch. The gate region is

connected % o afEBﬂPrBPrFéPﬁFnQF 8f TERA SIQT: Bt THe S259RE naly oL Ahode
reglonsdar? mui gatoipled tefarabgdihalpgstaQHStef?tbet?wﬂidg'faﬁrﬁﬁqx?. 4
.sem conduct or ion ate ween t he cat hode an
anode regi ons $€°b§°ﬂﬁgPag§PP| #ﬁ#ggt ﬁ &ﬁﬁi% £ 19n8,88,8 i ve pl asna.
The device is bpidirdctbonad EﬁEtehaWBibp spnbpwdgeaysnbhumnamtbe&h&age to .
the gate 30 r dgRl I

cat hode reglongg*ﬁfgé?? g@sghgb&P V?HCFr?ﬁi?%§@f§§é§§%ﬂEﬁgﬁfaﬂgg% ses a
Wi gh vol t ddk sbhrenglslSBSLY orr6DSLELt afensradckizicuddry 12 Euncddons ed

wi thin a dashegy! hgetbeshp ﬂ&e%neaadeaeaeﬁe%dn%iiawh&a%rhﬁem*& gy cuitry
16 (illustrated wthin ano dashed |ine rectaggeﬁ Iustratlve

pur poses, cbscapd %9stt?osBEP&YgH@dnﬂPﬂﬂé PR aﬂlr‘aﬁé‘ﬁ eurremt 14 33
sel ectivel y negoapsing GOPLéinREngDEhBablililty D¥cebsaty to2@ontroludhed hat

conguotl on SeTaBREds, oF | apaks aRaSpoks. oL 1F CIRL 11 Lhe potentials of the
or |t can 1shi bi t conﬂacisoknohnoughghteﬂ ﬂiadesuwﬂ&bhs(ﬁps) comprises
a semiconductor body having a bulk portion which is of a
first conductivity type and a relatively high resistivity,
: ah anode region of the first conductivity type and of a
relatively low resistivity, gate~and cathode regions of
'20 ‘a second conductivity type opposite that of the first
conductivity type. The anode and cathode regions are
~ connected to output terminals of the switch. The gate
region is connected to a control terminal of the switch.
~ The anode, gate, and cathode regions are mutually
25 separated by portions of the bulk of the semiconductor _
“body. Conduction during the ON state between the cathode
and anode regions is by dual carrier injection which
" forms a conductive plasma. The device is turnmed to the
v OFF state by applying a sufficient voltage to the gate
30 region to deplete the bulk portion between the anode and
'cathode regions of carriers. _ : '
- Control circuitry 12 essentially comprises a high
voltage switch GDSC, a first voltage branch circuit 14
(illustrated within a dashed line rectangle), and a second
35 'voltage braneh cireuitry 16 (illustrated within another
dashed line rectahgle). 'For'illuetrative purposes, GDSC
'is assumed to be a gated diode switch. Branch circuit 14
38 selectively maintains GDSL1 and GDSL2 in the ON state
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5 mai ntai ning the load switches in the OFF state, or it can, for
reI atively low current flow through GDSL1 and/or GDSL2, cause an

/tsrru tion of said current flow (switch one of the GDSL's to the OFF:
‘st'ate). BBranch circliT 16 serves essentially to swtch GDSL1 and GDSL2 OFF ——
and, 10 therefore, helps interrupt tculs off) relatively large current flow

bet ween te”%]ﬁ@ﬁstﬁﬂaﬂ ff&bwdﬁpsaae%ea& R oRghe Binedlor Y igtthdier et o W,

so long as these potentials are wt resel ected limts. Branch circuit

14 conpr i sesEPSh-pf thaspeteptials of nd cathode,dexmjnals ,ng
resi stors RliRéges®. afeVeuffipienteroi sabpb&tl eommlﬁoxi 0 o {4 dar of m nal

-~ of RL. A se r S CO and Q, the
emtter of anohﬂﬁijg 8°3&P8$$ﬂ’ﬂaibhfaugﬁTh8q@niPP§r sgﬁ%ﬁ%qs b oupled to a
- first te&Sm neaintai@ingdtBe load switkichels 12 the Mbrataim,mmalit)fcm, is

- coupled to ther eﬁelsﬂvglygowt gﬁﬁggégl ?28?8?“2?’%5%’0 Gq,ﬁar 126 which is

coupl ed to a power supply éo t he base -
of Q4 and t BBSk2j neause2an inmterzryptdeonoofopadd |°311@’-‘@3¥i W tswltph e of

ool ang fafool otk absEle tb engorRCasd), O prnsy 2*1%3‘%%3”% |
col | ector of S€¥VeS esaﬁnéaaibyt ke Qg?'égi‘opngﬁfngn&%ﬁ?%ﬂ?é‘%t hode of .
GDSC, tanllzl?t%n%&aﬂarhﬁr%mph Sﬂ;tﬁiﬁupt (cutBr‘od’Et()h mlra?ulvtelllﬁ |se\?vh - .
essentially a dio a ngect e erqu.n ose .
anode i s couf ‘I“Eﬁe?g g?ﬂrﬁ?ﬁgﬁegzggﬁ&if'gig %sﬁp %dﬁiﬁ 6}’? ly ¥
power suppl ythe petémtiapssappliedntperertoi alo illosg Mmheammqmmﬂam o
- The basic op @t* ?{, gicgggﬂégehs 3aifegl | ows: Assum ng that GDSL1 and’

GDSL2 are no con e vo fage applied to input termnal 18 is a
(which is 38 \,ygreechycirsum 14 pompriseis: Mﬂmﬁmsml}‘ﬁerﬂbl Q,

27 and Qfs arezb'aﬁ&dQSFFn- a @Bahsibmei-evb@\land@%@ﬂssd&rsawmmme the.
anode there %{erm n&t %O i\t 1g ot %I’(l"hl iedclt%se t rst te dinahl.e tgj“:{;\te :
termnal is 4ypiRainpw
~Rl. A second teminal of Rl is coupled to the bases of
Q1 and Q2, the emitter of Q3, and to a terminal 20, The
emitter of Q. 1s coupled to a first terminal of R2 and
20 to a terminal 22, A second terminal of R2 is coupled to
. the emitter of 'Qz_,. _the_base of Q3, and to a terminal 26
~which is coupled-_:to a power supply V4+. The collector of
Q1 is coupled to the base of Q4 and to a terminal 24, The
collector of Q2 is coupled to the gate of GDSC and to a
25 terminal 28, The collector of Q3 is coupled to the anode
of GDSC and to a terminal 30. The emitter of Q4 is coupled
to X0, and the collector of Q4 is coupled to the gates of

GDSL1 and GDS'L;2, the cathode of GDSC, and to out.pu't' o <
. terminal 34. a o : | _
30 Branch circu:lt 16 comprises essentially a diode ° v _
-D1 whose cathode is connected to terminal 30 and whose -
anode is coupled to a terminal 32 and to a power supply v

V+. Typically, power supply V+ is less positive in
potential than power supply V++. :

35 The basic operation of system 10 is as follows:
Assuming that GDSLl and GDSL2 are not conducting and the
voltage applied to input terminal 18 is a "l“:(which is

38 typically 2.5 volts more positive than V++), then Q1, Q2,



_at. term"rfal 34. @GSL1 and GDSL2 10 "are ased OFF and are i nhi bited from

ftoating in potential at the level of'V++ or a less 5 positive |evel.

Leakage currents of GDSL1 and GDSL2 can flow fromterm nal- 18 through the
emtter-collector of B, through the anode-cathode of.@GSC, and into the -
gates of (GDSL1 and GDSLZ. Approxi matety the potential |evel of V++2?ppears

corducting current. Now assunming t hat Vin%wtches froma "1" to "0" (a "O"
vol t age | evel 8BdnQ4t apechimped OFF; and &% iwmdiased 0¥ \GDSC @8, Q2,

antQ4 are novygheagdog\'sm@ @g.e' %gga%se&.é}c gﬁx@ﬂ?&f%ﬁ? Pe2agdaON

the potenti.al term n | ncreases’to
appr oxi mat el y potentipd B 088t itQ Vortt I!é“hrﬁhﬁa gatertrrningli ﬁ&l tXD)lca’M-Nch_ |

had been al so fioﬁﬂfh@xtlﬁa?) Riténtial atAdie tRﬁBPFb?'W@ GPSE f88s are
both ON. The potentials of .the_anode and cat hode of drop_until 20

they are &pproRPRALAVE 26Ved.t s Lgakage (QuTKAntS jof %‘Psﬂneaﬁﬂtﬁ 8§L2cDsc and

Ehen (CZIEDS'[Cht ur n?aﬂ:flowathBm %bﬁﬁﬂn?(g llfsciirdmmﬂ?é %ﬁﬁﬂéi-hau%gb%&ﬂ/e .
towards the po i su is.a vol ts
and V2 is 25 f ébouﬁg BHﬁ@ ttggl agmletmtq{s?i %@Sé’ |?§d Bt9+g'he+275

‘wolts. As ter gaves 64 GDS2A and GDSL2.wi Ltpprmmmtehq potenslinl of

ornt nal 24 e Se"¥ey” RppeRYe, At T 4 T O0SP Do RSER, 5o

Thus GDSLA0 s ﬂ:leahnlaseddmsamir lamet imtdh i tedii fron d@@nductingnerreént.

Alternatively, if the t qu{)t @ Ch ©8§ halk oOfgWl
- becones ground, then ggg §g%hr ns Xa%r?ﬁi?n uct's currf;ﬁ? féomitelrtm ngl YO

to termnal xola3®0" voltagmolevalt bedne eﬁﬂiqmmgzi%rmbhselGﬁér GDSL1
or GDSL2, ass siftﬂvbstﬁﬁ’nt 389, @ @2 Oardd @ ' a?re nét bﬁseé”dN%aﬁ'ﬂe

-NOW SW tched F, QS‘S‘ t'¢hed 38 Initjal 1 he gate of
*O

(terminal 28) Q3 &F biasgd xiA%a Q2 \pegomes, hiased 0Ny e ??ePH\tHRIuSQ)

‘s at aUM&52Oorothé hawerowounSCIqherﬁmnaarzsaﬂinbréh£3§£to

approximately V++. The potential of the anode’ of G6DSC
- (terminal 30), which had been also at approximately V++,
starts to drop since GDSC and Q4 are both ON, The
- potentials of the anode and cathode of GDSC drop until
20 they are approximatelyfzo volts below the potential of the
gate of GDSC and then GDSC turns OFF, Then, sinéeka is
ON, terminal 34 continues to move towards the '
potential of terminal XO,.
Assume - BOW that V1 is at +200 volts and V2 is
25 at ground potential and that V++ = +315 volts and
Ve = #275 volis, As terminal 34 moves . to within
Spproximately +20 volts of the potentiél'ot terminal Xo,
GDSL1 turns on and then rapidly éauéés terminal'Sq to
_ move to approximately the potential of terminal XO,
30  Thus GDSL1 is ON and conducts current from terminal XC to
terminal YO. Alternatively, if the potential of V2 were
-200 and the potential of V1 becomes ground, then GDSL2
turns ON and conducts current from terminai YO to
terminal XO. | |
35 Now, with current rlowing through either GDSL1 or
GDSL2, assume Vin is switched from a "on to a "1, Q, Q2,
and Q4 are now switched OFF, and Q3 is switched ON, |
38 Initially the gate or GDSC (terminal 28) is at



bei ng i.n the OFF state. The anode of GDSC then starts to increase in
potenzi‘ al towards V++ and GDSC turns ON. 5 The anode, cathode; and gate-
~ potentials of GDSC now start to drop as current is sourced into the ON and :
conducti ng | oad gated di ode switch (GDSLI or GDSL2). The gate (terninal. 28). —
of @SCis heI d at approximately 0. ~=vdt el ow t he anode (term-nal 30) of '

- @DSC. si nce | t o] 0 potential |, %.;
~approxi mately grégt&da} ?Sgb’elr]%lv'vit A(.)k?oe(?#l gf f%%/’gﬁc?g?/ j?éDﬁ@becomes ~
conductive afdPoqtp é@]s*@o oWRY poten &éh"e t HPBLg prepattanimi GPECt er mi nal -
134 and the gmr@f 1@% OFE{e 15 The anodd et PDSO! tabnOb 46! e i nal ~

32) and the gurrent being su ied to the r GDSL2 are both
pr )esel ected f % JRerease pe&f’b‘f’é%ﬂ Y:?}f?’é'?ﬂg %TBW?E&%% F“E“Eoﬁguct i ng
gat ed di gde - rl‘(hadamlder;h oathdde,s dml tga te spoteitial s Aef GEBSC nbwGDSLZ turns

L U LA b tetd, SR ey cne

| evel of v++cammmg éAMeg&ﬁQIteﬂ@e switeh c(GBSEL foxl GDSLYent flow
from v+ If 'g%‘(;%' @e ﬁH. at |\) ¥ "db é”:?é’gﬁ‘e@%f ngﬁxi@ﬂagg' S

- sufficiently t hen the est curre rough and

i nto GDSC |s°917f Woé-lfelhelt%' |'H¥Qe ¢ cvexmingl o304 heH GhSersince,
and ternipal 130 céaRncidingd rOIQ\sBUITHé Giregdd Yot mme@fbﬁé iR f)ewatﬂabl as Dl

- 30 The conhin tlon of t ors -and nd at
" least part|y2PBF0, %5%'@? ’g ?57%} 'ﬁﬁzpendent -
. of V+ and Dlo&nd@&hiﬂc@mbauns(nbnﬂudylvsmhﬁm-sutprhesrsubquanaiamt to '

SorvePenl e, Yeiohel, oBsE L had Setetiy Hopne e B0 D

_'_' allow for thefp&DSidi ar GOSI&ence bet ween t er i nals X0 and YO to be
SR e T AR, (T 30 Tutoing Rl
~ functional .  bSingsuppldad Ap he gate of GDSLY or GDSL2 are both
B ' preselected to. be sufﬁcient to break current flow through
the conducting_ g_a_ted_diode load switch and thus to turn
same OFF, As GDSL1 or GDSL2 turns OFF, the current flowing
20 into the gate thereof is significantly reduced. This
allows terminal 30 to rise in potential to approximately
the 1‘e‘v§1 of V++ and' thus reverse biases Dl. This cuts:
off all current flow from Ve,
If the level of current flowing through GDSL1 or
25 GDSL2 is_ s_utﬁciently low, then the rel_at_ively modest
current-i’low through Q3 and into GDSC is sufficient to
- interrupt current flow through GDSL1 or GDSL2, and

terminal 30 does not drop sufficiently in potential to - ¢
forward ‘bias Dl. S §
30' | . The combination of transistors Q2 and Q3 controls e "’
GDSC and at least partly controls the state of GDSL1 and : =
GDSL2, relatively in{lepende_nt of V+ and D1 and the =

' coml_iiné.tio_n_ of Q1 and Q4, which are equivalent to
corresponding transistors of U.S. Patent 4,250,409,
35 R3 and R4 serve to limit current which can flow
| through GDSL1 and/or GDSL2 and to allow for the potential
) difference between terminals X0 and YO to be typically
38 about 2.2 volts when GDSL1 or GDSLZ is ON and conducting,



and GDSL1 and GDSL2 were -all fabricated on a single sem conductor substrate
using dielectric isolation. . The 5 «circuitry fabricated also included a
'sec%d pair of |oad gated diode switches with two additional transistors

li keg: QL and Q4. The catffode of GDSC of this fabricated circuitry was
coupled to the anodes of a pair of add.l.tl-;onaJ. di-odes (not |Ilgtrat ed)

whi-¢h are sinilar to carr spondln |ode |IIu ed, i 4 _of U S.
Patent 4, 250, 409. | n S h ﬂ%%‘ b"réj 5}1‘5"% t st 9%3‘1’ +275
Vohts, V1 = +2@d foursl B0 e :ﬁﬂﬂ.wdﬁmtﬂmdﬂ( dhmstrtm e:immﬁyrslz\/ n

~"1" = +317.5 n GbSsL2, al
15 had the baé‘?%‘:1t str\agcltuar’{ejai |S(§%§%‘%‘é{;&]§§e %%ﬁ%n@%?&@%oo vV

Monol i t hi ¢ Bi gemdeomsivator subadradtshaisingrdiglectoty isglatiers nalhenal

Sol i d-Statg Qc&%rii%r?é'ﬁﬂfﬁ%e@ﬂ% fﬁcﬂﬁféﬁ"&%e@&?&@ai?aﬂfsléza and

-171. The enbodi ments scri bed herein are exanple. Various

modi fi cati ons &t@d,dads Switches with Awe,); ﬁ:ﬁﬂ%’?i‘?‘!@ﬂﬁ%‘!ﬁ%s'@rs Gikey,
“and Q4 could g faund thf‘.ffmie Tda?ﬂﬁhﬁ €5 @swtmrtﬁﬂ@eﬁawﬂméahl ng

~devi ces which ga ndl e rel ative vol t age ra ts.

t# ansi stor or 35}?' a{"ﬂ’/itc‘i\‘ﬁ Ny “zéed%\ﬁ%e ’HE? b%fl? Lﬁ%ﬁr %f ‘E#L'Hgg?
. further, el ecidiiodels Wt dmmumﬂﬁwtat) iwleiclrl e ts:tmslanstmreori'éspbnding
in FIG 4,qf rd e power
suppl y V+]'8 |Hli§dfeur t&h&hszlbx?ﬂq%‘fl%%r oiﬁrr'a?% 4fe]§ia%es 4)€ 'Y\EID@(%O SL1
~.and/or 30 GDSL2, Rz, I then¢i@rwidiny fabriddateditert a5 reedltsy 14 woul d
still be functvl,._ogal_‘,zﬁ 'vld1|tf§”t Els DO v s)(l B2) t;r*ﬁol.*gftgreans coul d

be coupl ed between_term.n and term na Oor YOor.to a ative

power supply Hd"Rﬂ-,SkQP 82 40k (phns 4 rﬂ%t"@d‘ =5+3E7 .5 ‘3@1 8,
CLAIM5S 1. A wan mgv & wallz.e‘ Foltw, Wrd) GDSC, BDSKX £hrd GBSE2) &1 ng

ey e o 45" el e sy WA IS WS e ' D0 Fo s SnBPELLE" ©f
' "A 500 V Monolithic Bidirectional 2 x 2 Crosspoint Array,"
1280 IEEE International Solid-State Circuits Conference-
Digest of Technical Papers, pages 170 and 171.
- The embodiments described‘herein-are by way -
20 of example. Various modifications are possible, For
. example, bipolar transistors Ql, Q2, Q3, and Q4 could be
field effect transistors or other types of switching
devices which can handle relativély high voltages and
moderate currents., A transistor or other switching
25 device can be substituted for Dl. Still further,
| electrically or optically activated:switches, as.are
 illustrated in FIG. 4 of U.S., Patent 4,250,409, can be
inserted between D1 and powér'supply V+. Still further,
. with approximate leakages for GDSC and GDSL1 and/or
30 GDSL2, R2, Ql, and Q4 could be eliminated, and circuitry
‘14 would still be functional, Still further, a current
limiter or like means could be coupled between terminal 3y
and terminals XO or YO or to a negative power supply and
. R2, Q1 and Q4 could be eliminated., :

35
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5 high resistivity, a first region of a first conductivity type and of

relatively lowresistivity, and second and third regi ons of a second

copductivity II‘ at of the first conductivity. type, the first

and third reUI“IE""HBII[ﬂHmCt ed to~oytput termnals of the device, the 10 _-

secondaggglon bei nd cdupFed*to a cog%éiﬁézern1nal of the device, and the

first cond and third regions bei ally separated by portlons of the .~
~~bul kof the sem con(iuctq{ n&iﬁgﬁlg f‘ofeﬁggd g2hed Qrbl ?\gltteqlm ng e

essent a \ cha :

devi ce of the sane type an ectri cteristics -
as the f|rstd@gﬁﬁu§WiﬁPhﬁﬂsrﬂﬁ!ﬁpﬁnﬂﬁutheeFMPﬁaPOBﬂﬁpPéﬁgt9 t he control L

termnal of igamildontiudidrt Aody tm@v taoburkrﬁurhbﬁl be eema&lweq

supplying up.to a presel ected Ie cur ent into_the secogpgﬁﬁylce and
‘third an@ foli&h IHsisHip Yﬁww% xeg °Ha9?n§ §1€5ﬁtF8P A and
first and seqgpd AP WL tﬁmmaytmcﬁéﬁiﬁtﬁrﬂtmnathEebbﬁdt Iwad devi ce
and a first 3%Ep%% tern1nahﬁ§ t he fo rth gelg cou % |rst
control -circ (8L AN, |2 %P%%ﬁ } ¥ﬁ1 %tPo

devi ce being otrOltMeed:ﬁEsﬁ cccmductiv:bturpturpeer txheatinétt hndsethdrrd dwiws
t he control .1 four [ ki t na
the third de@géghgéﬂﬁyéénfﬁ é?lé&k sgcgﬁﬁﬂfg % c??éuau%?g%ﬁ1%h?
- second dOtpuBen&ndlnﬂgiﬁntbﬁin8N¢QnD&§¢ct0b%|ﬁgn§§Q§Iéerménﬂﬂeogoﬁbﬁol 30

termnal of h'a%i%%w%dﬂeeﬂ&em?st As&ééﬁwanasmiﬁun?dgaangl delnk o
i ncl udi ng a branch’circuit anf to-the secong EVIi gr ﬁupplylng |nto K
the second dBWtaallys asparat f@ngﬁﬁf%Qn?eQEI he PutkeRt than the o

presel ect ed ls%!ﬁlc,oriduciﬁﬁd vody, iinclhdisg al euebndf gamededﬂoﬂleow into the
Tevi ces cach SHATERITE TS L G Syt bypf ofng 60 8BBRATaY, BaB¥ie " "0
term nalls anélbelmg.dﬂpaﬂia'aﬁteﬂﬁtiwlqs htgh ﬂnrsagdevicegandpbnalinm
Cormea or MLl ARG OB L8 FBthoutly koL B B
“third" ~ first device, the control circuit being capable of
' supplying up to a preselected level of current into the
second device, and third and fourth switching devices
20 each having a control terminal and first and second output
| terminals, the control terminal of the third device and
a first output terminal of the:fcurth device being
coupled to a Iirst'control circuit input terminal, a -
second output'terﬁinal-of_the fourth device being coupled.
25 to a first Output terminal of the second device, the
~control . terminal of the fourth device and the first
output terminal of the third device being coupled.to a

¢

second control eircuit terminal, and a second oﬁtput e
terminal of the third device being coupled to the control cf
30 terminal of the second device. ' : d
2. A circuit as claimed in claim 1 including B

a branch circuit coupled to_the second device for supplying
into the second device a substentially greater level of,
current than the preselected level, if, and only if, the
35 1level of current flow into the second device reaches the
preselected level, and fifth and sixth switching devices
each having a control terminal'and.first and second output
38 terminals and being capable of relatively high voltage



devi ¢e, the control term nal of the sixth device, and 5 t he contro

- termnal of ‘the fourth device, respectively, and t
output term nals of the sixth device being couple mmum’mm;” m tput
terffinals of the first -device and the second output*térnﬁnah ond -
swirtchi ng device, respectively. 10 =, A circuit as clalned |n-

claim?2 inclu r | n a first and-
Sona or o bSeebLeR; B8, S6RES ’E?*@%ﬁgﬁr &8, §§?§?§n?§“#§§ns bei ng
coupl ed to t Heermimalgommdothei £inet pupputt sewmadnl ofe thecdd ther minal of

the first resasyH&€nding neaa§1belaa eﬁupbaﬁtke1tmerﬁeﬁhaobfteh@l%ﬂi&aof
the third and fg{th deV|ces

g g s% gg ui 1 naI of the fourth
devi ce, the f949¥€ice e, H¢aPOR ?%e 2 Yotelals RARS n8é&X a QVBQPngaeﬂupled to
the firstsoutthé d¢emtrohl tetmihalfoft bhdefoaethaddvibe seespdc&&Wﬁnwal of

20° Lhe Second g oohs' BHES, TRARSBEbAY, SRUPHEC themthEal pB. oM BUlebe ™"

circuit as cldewkce i meithgi co@pledr tononbecofi the an&pn&cmndmdanﬂeesfamhe_

E Str“Ct“ra"y % @f %ﬁdh¥ﬂ€ ﬁQE oﬁ@pﬁ%ekékh GhY g&thQUQQ%%hd*
Ir our

gperati on, SI X smntc Ing devices are -
§tructural|y Qnﬁmmbwnso@eﬁigﬁ,vsﬁﬁnget&ﬁﬂlﬂndest current operation, and the

first anggsecond ressstanceifeaﬂﬁ aéeciaiﬁéaamﬁ éQSQﬁdarQﬁbihaﬁﬁ 30
5 A control cjrcuit substan X % her ei n escrh ﬁ i f%r ncedFo
t he acconpany‘*EPH nﬂeegg 3§es stance means eac av ng a irst an
second terminal, the first terminal of the first
resistance means being coupled to the first control circuit
1nput-termina1, the second ferminal of the first resistance
15 means being coupled to the control terminals of the third
and fifth devices and to the first outpﬁt terminal of
the fourth device, the first terminal of the second
resistance means being coupled to the first output
‘terminal of the fifth device, and the second terminal of
20 the second resistance means being coupled to the first
output terminal of the third device and to the control
terminal of the fourth device. - |
4, A circuit as claimed in claim 3 wherein
the first and second devices are structura11y adapted for
25 high voltage and relatively high current operation,
 the third, fourth, fifth, and sixth switching devices
are structurally adapted for high voltage and modest

o current operation, and the first and second resistance
5 _ means are first and second resistors.
- 30 5. A control circuit substantially as herein

described with reference to the accompanying drawing.
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