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OLLED- BREAKOVER BI DI RECTI ONAL SEM CONDUCTOR SW TCH ThIS i nvention

es to bidirectional 5 sem conductor switches such as TRI AC sw tches.
ectional sem conductor swi tching devices of the gate-controlled type

_ controlling currents are well .knoimn. In particular, one type of
silicon-controlled rectifier conprises a silicon sem conductor body of 10
five zones of alternating conductivity type fromone major surface to the
“other. The gate or control contact is made to a.-zone adjacent to a terni/nal
zone. Conduction in either direction is enabl ed, depending on the IE
respective polarity of the voltage at the term nal zones when a 15 trigger
voltage is applied to the gate zone. Odinarily, the bidirectional
switching device just described is triggered by separately generated gate
vol tages applied fromexternal sources. For certain applications, .it would
be useful to provide a two-term nal 20 device responsive to voltages wthin
a relatively narrow range to swtch the elenent froma high i npedance OFF
condition to a | ow i npedance ON condition. It would be desirable that such
a device should be responsive to voltages of either polarity. 25

According to the present invention there is provided a sem conduct or

swi tchi ng device conprising a body of sem conductor material including a
five-zone bidirectional swtching elerferit conprising a series of five
zonesof alternating conductivity type and a three- zone bidirectional

voltage sensitive bgg ?ﬁaﬂﬁﬁ eries of three zones
?Iternatlng conduc VI zones #ﬁ?ﬁgogﬁ;be zone el enent

haV|ng a comon surf aceSEY ﬁ@N@&QTQRtSﬁ¥E¢Krst maj or surface of the body

and conprising a fhis!1hfeltidn SUatdy 18'pigFHEBET0RYI® and a second

term nal zone, Irst term nal
S5 semiconductor switches such as TR AC switches.
Bidirectional semiconductor switching devices of
the gate-controlled type for controlling currents are well
known.- In particular, one type of silicon-controlled

rectifier comprises a silicon semiconductor body of

10 five zones of alternating conductivity type from one major
surface to the other. The gate or control contact is made
to a zone adjacent to a terminal zone. Conduction in
either direction is enabled, depending on the respective

_ polarity of the voltage at the terminal zones when a

15 trigger voltage is applied to the gate zone.

Ordinarily, the bidirectional switching device
just described is triggered by separately generated gate
voltages applied from external sources. For certain
applications, it would be useful to provide a two-terminal

20 device responsive to voltages within a relatively narrow
range to switch the element from a high impedance OFF
condition to a low impedance ON condition. It would be
desirable that such a device should be responsive to
voltages of either polarity. _

25 According to the present invention there is
provided a semiconductor switching device comprising



| 1'(_)’"1encorrpassed by the intermediate zone and the internediate zone beiy -
* enconpassed by ‘the second terninal zone, the second term nal zone of t
three-zone ‘el enent being common with one of the zones of the five-zone '

el enent, the comon zone acting as:a gating elenment to trigger 15
conduction in either direction in the<iu-zone elenent. 20 25 30 35 - -
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transistor-like confi g.urat I on _are preferabl\l\sgljr of the 15 Zener type,

exhi bi ti ng sAAE PAdiZesWonaliFal taesrandi tive dregkdewn (olepent |
junctiong ar eomprisdny lah setd e WONHIBE £d1P6d N6F AdTterwating coRandtiviey
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current in tA¥PEasiRe,Z0ReS Qe ShiReAARRv eI oMLY, Raying & RomuRn | |
trigger the surdareneodnedsdent micthc Gdiiats ©major cgyatace i oft the deodyges i n
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Rormi nati on” MG CoRRrdside ¥ 25740 eoielidl gl L NEEmea Be aone g
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“froma céﬁt rg?@%ﬁiaéééﬁ&ﬁzhg:ﬂ@a i?}}toé:rﬁ n #aélulpfo% %!gﬁait;lg% In t e&(izﬂﬁgrrer' s
prenises or & ing gncompasgad, by Gthe Gleogpd texminal \zame, thes in -
series with @elcdnde terminal zone of the three-zone element being '

' common with one of the zones. of the five-zone element,

the common zone acting as a gating element to trigger
15 conduction in either direction in the five-zone element.
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Y stor, is applied to the line.  If the line is satisfactory as far
as ﬂH@ ermnation unit, the unit will switch to the ON state and energize
a capafitor-resistor circuit connected across the termnation unit, If the
g rng current of the five-zone_el ggent is above the 35 maximum current
supplied fromthe central office, tfhen the capacitor-resistor circuit in
conbination with the five- zone elenent alternately charges and di scharges,
thus 38 exhibiting a distinctive characteristic at the test -3 -

| ocation: This indicates that the line is satisfactory-as far as the i,g\‘)
termnation unit, and therefore any fault is in the custoner prem ses *:
equi pmant . Sone enbodi nents of the invention will now be 5 described by way
of exanple with reference to the acconpanyi ng-drawi ngs of which:- FIGS. 1,
4 and 5 are sectional views of various devices according to the invention.
FIGS. 2 and 3 are equivalent circuits to illustrate 10 aspects of the

per f ormance of the devices of FIGS. 1, 4 and 5, and FIG 6 is a graphical
representati on of #heodgagenesy gither pakarityiapplied to thenpl ary device
according diorédeabB¥c8ibMBntlin excess dPIAIC BredRafk vdirhbe deVi ce 10
Is simlar to bidirectional sem conductor s$w tching devices 0O he“gat e-
cont r 310 eFhe pEhReenAcPe cRBIjGUTAtion, Hesulte ixceprdwetionvwever, that a

separat e GHErétEFbaLHS. Whiba! iR Qﬂ#ﬁ?@brﬁ&éfé%ﬂ@&f@eligﬂét é%@@ gs a
two-termnal _elenent. _Mre 20 specifically, the device 1.0 Is a oay-of
single crytt® ePRAREHhICBNi conductor naterial having a first mejor surface

11 and a second nefhée swof ped Janchtdlond g SKse OfhrLe@labréi on, the portion
to the ri ghty o LPSr CERkECcbndigadaltiar’ ' sid rdfersbly ot £50 POrtion and
to the | eftf2R§E g P y-o e
15 2ener type, exhibiting sharp voltage breakdown characteristics
* If the. two p-n junctionms are~foimed with the appropriate
spacing and impurity doping, they will exhibit the gain
characteristics of a transistor and will carry current in
the sustaining state after breakdown, which current
20 then wiil'trigger the five-zone element into conduction.
~An application of devices in accordance with the -
invention is to function as a telephone line termindtion
unit in both tip and ring, which will break down precisely
and conduct when subjected to operating voltages in the
25 range, typically of greater than about 12 to 22 volts.
. In one type of testing mode to determine from a central
office whether a shorting fault is located in the
customer's premises or elsewhere, a relatively high -
voltage, typically 100 volts in series with a large
30  resistor, is applied to the line. If the line is
' satisfactory as far as the termination unit, the unit will
switch to the ON state and energize a capacitor-resistor
circuit connected across the termination unit. If the
holding current of the five-zone element is above the
35 maximum current supplied ffom the central office, then the
capacitor-resistor circuit in combination with the five-
zone element alternately charges and discharges, thus
3§ exhibiting a distinctive characteristic at tﬁe test




2% second portion. In the first portion-and between the major surfaces;ll(éjf/
*and 12, there are five zones of alternating conductivity type. At the*

first major surface, there'is shown first termnal zone 17 of n-type
conductivity and p- type zone 13 adj acent thereto of p-type conductivity.

At -38. the second naj or surface there ¢S3ShOMﬂ t he second terntnal zone 18

and’ p-type zane 15 adJa The é pne | S the nedi at e
n-type zone %ZP %ﬁﬁ % P}??‘ h{; ﬁb’b‘;edl? h%‘h:{' {‘P@f zones,
partLgylarly asmiarwasrmﬁerweymmnztimm uﬂnt;rsndnaheréﬁbreeamynﬁtulﬁﬂl)

d by I k contact to both term nal
zone 17 and a Jacen écé&é%éﬁgfgﬂg coﬁ%g'g§u£$m%%$hal (Mr 2) makes ohmic 38
contact to the secondeme rembodiments ofinthe hbnvembian willnow abig acent

t hereto. - Ter&Bé}?ﬁM@ W%‘flée C}gﬁpél‘egtﬁorépgr%&émﬁ ﬁﬁgnd maj or

surface of the device. ctivity zone I's relatively
hi ghl'y doped, a‘iﬁ%%l%gpff wgﬁeoﬁn‘ﬁh%%r'e at the edges of the body 10 5

and, as will be nore f1ddy BXP4 BA@D "GFEi §8ét Lonall PYERESoR $RRHHEST ON
' path t'hrough § he, body. The%ilrst portipon of the device, as thus described,

qonstitutes SEXARRE racchTEHIng, bR (e | LRYPOLIPR chi ng devi ce when provi ded
with suitable triggerPFIGS.1QR ampud dre téguizenbeds. clfeuiﬁskﬁowmllmQErate

43 produdd st of el FofEotiiee i OF Greiatotese 0L ERPT b dBrose
t he main termnrhl%, NaEd and Mr2, result in the forward biasing of the p-n

junctions between 15 g |rst. Orpgrﬁéh*@gﬂ Qégﬁggeﬁéaﬁﬁaﬁfo $IeRL to enable

conducti on through the vice e direction of

conductlon\Mqurﬁﬁﬂiﬁﬁp%ﬁﬁSQMPQEW%ﬁtQWi%#1@h@fv%mt%éﬁmﬂbﬁrYe@e&éGGSS t he
mai n term nalfocds¥iily €6 Cthe Sidvéitdonvay of M1 through p-type zone 13,

n-type 15 - Referring to FIG. 1, the device 10 is similar to
bidirectional semiconductor switching devices of the gate-
controlled type known in the prior art, with the exception,
however, that a Separate'gate electrode is not proﬁided,
and. the device illustrated is a two-terminal element. More. .
20 specifically, the device 10 is a body of single.crystal '
silicon semiconductor material having a first major
surface 11 and a second_major-Eurface 12, For purposes of
explanation, the portion to the right of the centre line 50
is referred to asﬁ%he~first‘portion and to the left, the
.25 second portion. In the first portion and between the major
surfaces 11 and 12, there are five zones of alternating

. conductivity type. At the first major surface, there is
shown first terminal zone 17 of n-type conductivity and p-
. ~ type zone 13 adjacent thereto of p-type conductivity. At

. 30..the second major surface,_there is shown the second
terminal zone 18 and p-type zone 15 adjacent thereto. The
£ifth zone is the intermedigte n-type zone 14, which is
generally more lightly doped than the other zones,
particularly the terminal n-type zones. A first main

85 terminal (MTI),provided by a metal film electrode 21
makes ohmic contact to both terminal zone 17 and adjacent
zone 13, A second main terminal (MT 2) makes ohmic

38 contact to the second terminal zone 18 and the zone 15



t hir& n-type zone 17, p-type zone 13, n-type zone 14, p-type -zone 15, and
te MI2. Thus, conduction is enabled in either direction'in &
four-reglon devi ce turned ON by a triggering voltage applied to a gate 25
zdne adj acent one terminal zone. Trlgger4ﬁg action is. provided by the

structure tadjxednt tthdrdte. casrmbidd NUTD, gefdIBF 19 Aspiied Ses Rtk -
portion of th% hody. In,this secon%dp %Ilrto{}t t(g?r.e aree&hree si gni fi cant
zones 13, 1§%HFSFesoRd MAI0x | § 93P ypet RTTFRSg a parr'of
PN j unct i ons:ondored iofi tiyhezarte éeﬁ,zovtasch sig ne/l:mtnmittuchig/hlg/ doped 13, Wi
I's common al g f r f Y 5 P and
whol |'y entoﬁ%ggse rﬂ4§¥?%?%$: Q%gﬂ%g%ﬂﬁigfp t%ﬁl {gwmsgg\m eﬁﬁ%ﬂg%ﬁ§019
and whol By %d,er%ﬁ)rvﬁelsls&ftm ey exgisinethdieeinglker hrpeovides of
pnp confi guraatddyalﬁﬁqlbdﬁ%@ m Sifd agSapoi ncident with.the first

e

maj or surface 11. rconnectlng el'ement 23, typically a

met al film is i r?%rﬁ’é'%mi%t Qf fhe fevisn, A5 ditisheavi | y doped -
.p-type encl @esezributE, lﬁmst'ﬁhmﬁs?@rﬁynﬂﬁatﬁcal&&iatﬁhifé&%iﬁm portions

of the body e die ectrlc f|In124 Vi OUS oted, zone 16 has a
surface comﬁﬁ#qgh 4%3 %ﬁé&é@gﬁh F#%i%ﬂgﬁi E&TTH'E he ’

. second M@ n inpat rtad uhauzoneukai tAstiseknnwd ftHen dRjedthion @f | yixe zone

gSCICZSS: Lgczones%’lyﬁﬁ%ﬂ eqﬁglfor EC}}%% cgr;aC%IIdcgél’ll as br e%Egom _ - -

di odes of t [Z®onEeds prctduqe@ anrnenis twhaietpplmacomnntmmaumm ar

:20¢%§§Eﬁ 14, p-type zone 15, n-type zone 18, to termnal MI2; or, from M1l
al

vol t age of t rsi r q%hﬂmmg #f the pai r
of -juncti onsv(alls rgveurﬂgg'lﬂsée&ﬂéssoe%qﬁlgsu ting 1n conduct | ggrt'nr ough t he
pnp conf i gurASurE Iprthe Harvard ha dhe iRTh dbmekions kekw

since a1sMlkonesl13 Audad,y A er il tmp-éum&m 1o asthifie | S
dlrectly conduction through the first portion of the device, 'Thej
~direction of conduction w1ll depend on the polarity of the
voltage applied across the main terminals and may occur
: either by way of . MT1 through p-type zone 13, n-type
20 zone 14, p-type zone 15, n-type zone 18, to terminal MT2
or, frcm MT1 through n-type zone 17, p-type zone 13, n-type
zone 14, p-type zone 15 and terminal MT2, Thus, '
- conduction is enabled in either directiou in a four~region
device turned ON by a triggering voltage applied to a gate
- 28 zone adjacent one terminal zone..
Triggering action is proV1ded by the structure
to the left of the centre line 50, referred to as the second
portion of the body._ In this second portion, there are
three significant zones 13, 19 and 20 of alternating
30 conductivity type defining a pair of PN Junctions. .One;
of the three zones is p-type conductivity zone 13,' o
which is common also to the first portion of the body.
Within p-type zone 13 and wholly emccmpassed thereby is
n~type zone 19 and likewise within zone 19 and wholly
35 encompassed thereby is p-type zone 20, The three zones |
~of pnp configuration each have a common surface
coincident with the first maJor surface 11
38 . _ An 1nterconnecting element 23, typically a metal



isTillUstrated i'n FIGS. 2 and 3 In FIG 2, the synbol 25 represents a
gate-control.led sem conductor switch of the 20 TRIAC type, having main
termnals M1 and M2 and a gate connecti on connected fromthe gate of .
device 25 through a pair of oppositely pdked Zener di odes 26 and 27
connéqted to . Referri 1o FIG 3, tHe pair of Zener diodes are shown
as a pAap trarf{]drrﬁlforlswubo‘}r’ﬁ%’&@‘ﬁﬁ?%ewﬁhgEjeFYE% z@ne 20 tandfhegpily

?i-wi onaldaesd qerElisd 0en Sl iz 28one M6 & p?ié i syéxﬁéw%zs hfsht r anfi steor

nction is V€ rovidi ng an roprjate spaci or the n-

cgnduct i Vit y%‘% i‘ge‘%‘g‘?f" ?%%’?f%%?ﬁg?ﬁg?# otle Z@oiﬁg%a?ée z%%l%‘l"%/%h‘é

transistor. fims, 24 herksiprevivisikyl moBéd, Cmﬁ)%_CIG_ wid.é_aa:ys_t{df.’f/a'.@f dﬁqinnﬁ\bﬁch
t t o £ lrection W tchnln

ol enbnt  compab g Soboid BatE Vel Bl g O LoREREE IR Bt ST A

cont ai ns a bif#iedienpinal stongfel tuted (hy cthe epktint £l 22t HEvisg prtypee

charact eri st ifgnd Qo P WK I ScmddtdBotd Nere! f offie iﬁl‘-ﬂ h@bﬁé_{f&%
portion. In particular, the junctions between the zones 713, and are
desi gned to ﬂ?eéfta’bl‘%m drhe HRRRISHYe Zpnes R0+ i cand y13 raxe@e range 38 of

from12 to 2Zaildrred T eRIAELAN NP NF ik dENY A1iGEES of thd Zeddsf
typi cal | é‘qab ut 48 val.ts, of _ devi ces,

st al | edd n BRS 59 p-Baty %%g%@fﬁ%&ﬂ%f&dc@gﬁ%gﬁtwm¢ Pke 1ine
and the cust eigiiexr polusity Wik, ptdduce \breakdowhicos wiiiclherer i o) the
{ault Coccurs Bt B3 &8 AeVeddn B aGchy oG e iRe {8 ™) s
wi thin the s&Qpdatctian ithroughfhe anp . conbigurat ot oriiote thati tes by
applying 10 thaddgl & dpid o derBal WP afifa PED SMab Ul PP 19! ts. 10
For exanple, if a shorting fault is present 1n the line
15 directly connected to p-type zone 13 and MT2 is directly
connected to p~type zone 20.. ) .
' - The circuit equivalent of the device of FIG, 1 is
illustrated in FIGS. 2 and 3. In FIG. 2, the symbol 25
represénts a gate-controlled semicondﬁctor.switch of .the.
20 TRIAC type, having main terminals MT1 and.MT2 and a gate
'~ connection connected from the gate of'devicé 25 through a
 pair of oppositely poled Zener diodes 26 and 27 connected
to MT2. Referring to FIG. 3, the pair of Zener diodes are
shown as a pnp transistor 29 connected in the trigger
25- circuit of the bidirectional semiconductor switch 28. More
particularly, the transistor function is achieved by

cofhnected to p-type zone 20. The circuit-equivaleht of the device of FIG C%%;)

L . providing an appropriate spacing for the n-type
conductivity. zone 19 which, in effect, functions as the
€ ' base zone of the transistor. Thus, there is provided a

- 30" compaect unitary device in which one portion contains a
relatively high'vdltage bidirectional switching element
composed of five conductivity~type zonés and a second portion

. contains a bidirectional voltage-sensitive breakdown
element having precise characteristics for producing the
35 triggering effect in the first portion. In particular, the
Jjunctions between the zones 13, 19 and 20 are-designed to
break down and conduct at voltages typically in the range
38 of from 12 to 22 volts. Telephone line operating voltages



/before it reaches the maintenance termnation unit, the line may show one
f orm of response. If the difficulty is on the 'custoner's premnises,
aspciated circuitry, in conbination.with the sem conductor device€, may
jbit a 15 different distinctive response. The device illustrated in
Ft2 1 is readily fabricated using well-known sem conductor fabrication
techni ques, including. photollthographlg processi ng-for masking and inpurity
i ntroducti areutypdcadly mboatt 48 volis, avwdfidientsta dnEald daovwn.a ;

Processes he .t Ly f U. t A
Processes Bhaf1Bsl Ua 105" Juioh SO vy SAlp 'lld ekl U, TR St D0
shown i n Fugtexfageaba&me@n dhepfentirangs, ldseand dihel quUEtgmeT S he first

termnal 2p:gRR8es0 OTHURE TR UEVIYUE icthduetd fateloplirddlihg Roltigisgmed at e
zone 39_.in a dlrectlon away from the flrsndgntlon of the _device. The

devi ce 8f Ppablings normal,use 9iithe tejephonsReryige.r dhep d,ying first
maj or Surf%%r?clingncimq:omdims;r aswe‘mmwtﬂoer rdamlbe armie BB aral 38 30

?Ltte?rerezl: ;g’b 5: %Axe %Q&r# naI qﬂ’ees i ‘%b(idealsp%e‘?‘gjl‘c(fro e 41 and

mai n. ger m a@IpaMERulsydn lom dﬂtmctcusta:m&'s-lmgfdmshﬁam REpIFL D M0 Ahe a
provi des e ro £t
of zone 40(ig'§hegncte‘%&ttaﬁqwe%}d h&%é&%&l&tﬁégﬁs %g&%’%ﬁeﬁe‘{p?_gﬁ% %50 set 35

vol t aga0seFort iexampllene i Erﬁiélq;&m@ fpu g es prefsitdn Hde olinge- 38 ~

sensitive glgigril ﬁomsoftu% '@iﬁﬁndﬂ&n%mnatmn Rani€0oN¢n@ur ati on,
is otherwise simlar to that described in FlIGS. type zone 71
const it ut edinge may, Show qRe, form, of (ﬁeqﬂ@%%corﬁ)f p{;’réf |‘B'rif§f "{:ﬁ dRi ce.

P-type zon% l@xeawis%mmyéoq;meﬁd clasdovimred gty e 5 conposed
of a singl e rl a%io%orw}vf:ﬂt%ur%t ' Osnemr cq:oia device, may exhibit a

15 ~different distinctive response.

—~The device illustrated in FIG. 1 is readily
fabricated using well-known semiconductor fabrication
techniques, including,phofolithographic processing@for
masking aand impurity introduction ﬁsing-ion implantation

20 and solid state diffusion. Processes of the type generally
employed are set forth-in U.S. Patent No. 4,066,483, -
granted January 3, 1978, to F.A. D'Altroy et al.

The device shown in FIG. 4 is a variation of
the device of FIG. 1 in which the first terminal '

25 zone 40 of the smecond portion is offset within the
intermediate zone 39 in a direction away from the first
portion of the device. The device of FIG. 4 is otherwise s

similar to the device of FIG. 1, having first major surface
. 31 and second major surface 32, terminal zones 37 and 38
" 30 of the first portion, and terminal-adjacent zones 33 and
35, along with intermediate zone 34, Main terminal MT1 is
formed by metal electrode 41 and main terminal MT2 by film
electrode 42, Highly doped p-type zone 36 provides edge
protection and conduction as previously noted. The offset

35 of zone 40 enhances the triggerlng action by the three-
zone voltage-sensitive element.

The device of FIG. 5, having the voltage-

38 sensitive element'compOsed of a lateral transistor:



‘secti ofi~of the p-type second termnal zone of the second portion. Further
the zones 70 and 72 are |located at the boundary, that is, the 10 p-n
junction, between the internmediate zone 69 and the p-type second term nal
zoneg6: 3 and at the first major surface 6 In this device, fabrication is
sinmpliffied fromthe standpoint of achievi g a preci se basewi dth, as defined
by the=spaci neptigneatioer, piszobkeF¢isadsinilab zOHEBaEOdéécrﬂhedhlﬁnables

rausrRror cuptes! phaagd | Bepoust 2bnb g OLorpiNctLen A3 BLAKLOUS! Y

described. FIG 6 ilTlustrates t current-vo of this
"type of devi ckerminahi zonehef aphe | sacond DOrtnoneaﬁlhgevdevage.lnPetyper

direction 20 £6#64 1701 dndl 2| iay "66 C68pRBaELLY CROHEY &oeee%iltmag bgached
at which there is s ég%flent rise in current 1o produce triggerin

whi ch poi ® tFRIEROFE df oPLR&LE RBRULAT ?P%%égﬁfﬂﬁlPFtPFem%ﬁcbeaée |n
vol t age. memefmesraggspwgdeamatzoﬁleéave'shél ¥6ndd 70 RA@ ypansistor

haract er ot COMBHATE & eBER gongalsBRkEon o8 Khe pPabRer Shabhdc

resi stance cheermimal szoweiofiethatségohdl pont bgnt heFuntiret| ovhef zonagdugdi on
in the trigg I n back toward the
~ Sidor | £88 et L. OCSHENEESO YhAL RhCinl

origin as soon as o T NCF ea Rse is
avant agddus EWRWJ##P%J@@stbﬂ@WQQGeth%rintenmeﬂgabstabnesﬁaeandothehe ON

state of the @*ﬂyﬁ@%é@a@& B ERAL 0286 B! alliCR: | B esf‘ffétnﬂa,iﬂi‘”t ' S
highly resistiv 35 . sem conduct or sw t |ng devi ce
conpri si ng urface 61 In this device, fabrlcation is s1mp11f1e

from the standpoint_of achieving a precise basewidth, as
defined by the spacing between the pi_zone 71 and the

15 . zones 70-72, which enables transistor current gain and the
sustaining of conduction as previously described.

FIG. 6 illustrates the current-voltage
characteristic of this type-of device, in which the
application of increasing voltage 'in either direction

20 results inﬁlittle increasipg current until a point is
- reached at which there is sufficient rise in current to
produce triggering, at which point the voltage drops and |
current rises with little 1ncrease in voltage{

When the triggering element behaves like

256 a pnp transistor rather than simply a pair of oppositely
poled breakdown diodes, the characteristic shown in
FIG._G_may_be_expected to display a negative resistance
characteristic immediately_fpllowing the inception of
conduction in the triggering element. That is, the curve

" 30 will break back toward the origin'as.soon'as-the current
begins to increase. This response 1s advantageous when in
'a testing mode for assuring establishment of the ON state
- of the bidirectional switching element when the shorting
fault is highly resistive.
35 o

serles of spaced-apart zones. The zones 70 and 72 constitute a hi ghly dopeéggiy

38



dy of semi conductor material including a five-zone bidirectional
ching el enent conprising a series of 5 five zones of alternating
ductivity type and a three-zone bidirectional voltage-sensitive
eakdown el ement conprising a serieg of three zones of alternating
conductivity type, the zones of tTe Shree zone el enment having a common

surface coincident wth a first AIMSurface of the body and. 10
conprising a fi fi?& second « .
term nal zone, # %ies;éq ter na zone {)ﬁei encorrpassg1 ﬂ% ‘\/
i nt er medi &t boﬂwnefamnﬂ@nmcnﬁ?&% ing canbh %%?%P%?/ t he sé’cond
termnal 9@ irebiﬁomormvﬂwumwlemvfeé ﬁ? &oaerféeneﬂt bei ng

e _conmon_zone

common 15 wth one of the zones of the_five-zone
actind asfévgaﬁqv%l%t%@%ﬁ%&°m%¥fm F}‘P%i‘ﬂ\ rad ERETEA®N the
five zonengdareritiohal Ardictdges-senei i veechrdakdown dlementi conprising- zone

Ty or sur PaBBTIES HE HRPE Sim fiof 1 fffafledd etifdRIVLP, ArRET o0
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15 with one of the zones of the five-zone element, the common"
zone acting as a gating element to trigger conductlon in
either direction in the five zone element.
_ 2,. A device as claimed in claim 1 wherein the
five-zone element extends from a first major surface of
20 the body to a seeond 'na,j'or surface of the body, including
-a fTirst terminal on the Iirst major surface in ohmic
 contact with one tern1na1 zone of the five-zone elenent and
with the zone adjacent the said one terminal zone and a )
second'terninal on the second major surface in ohmic
25 contact.with the other terninal zone of the five-zone
element and with the zone adjacent the said other terminal
zone. - _ . 7
| 3. A device as claimed in claim 2 wherein the |
second terninal zone of the three—zone element is common
30 with the said zone adjacent the one. terminal zZone . or the
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;sdi d conductive nmeans includes an interconnecting el enent on the first

maj or surTaqe and a zone of high conductivitygin the body extending from
the first major surface to the second major surface. 10 6.
device as clainmed in claim5 wherein the interconnecting elenent is in
ohm ¢ contact with the first terninal Zohe~of the three-zone elenent. 7. A
devi ce as cfgveesdone @l@nient.or claimo6 wherein the zone of high

conduckivity has a surface 15 coincident with the:se maj or surface and
t heegdsand -t er m nal nakds ohﬂi? VigsiaR© ¥%§Tﬁé éﬁlﬁfﬁg?nﬁlhgﬁfeiﬂrface. 8.
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% 10 _ 6. A device as claimed in claim 5 wherein

the interconnecting element is in obhmic contact with the
first terminal zone of the three-zone element. |
B 7. A device as claimed in claim 5 or claim 6
wherein the zone of high conductivity has a surface
15 coincident with the second major surface and the second
- terminal makes ohmic contact to the said coincident
surface. | _
8. A device as claimed in any of claims 3
| to 7 wherein the first terminal. zZone of the three-element
20 zone is offset within the intermediate zone by which it is -
' encompassed in a directioa away from the said one
terminal zone of the five-zone element.
.9, A device as claimed in any of claims 3 .to 7
. wherein the second terminal zone of the three-terminal
25 gone includes a section of relatively higher .
- "conductivity at the intersection of,the first major surface
with the boundary between the intermediate zone and the
second terminal zone of the three-terminal zone.
10, A device substantially as herein
30 . described with reference to FIG. 1, 4 or 5 of the
accompanying drawings.
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