PATENT SPECFI CATI ON (11) 1 438 232 (21) Application No. 8908/ 74 (22)
Filed 27 Feb. 1974 (31) Convention Application No. 23175/73 (32) Filed 28
Feb. 1973 in (33)Japan (JA) (44) Conplete Specification published 3 June
1976 (51) INT [err] HOLL 27/ OO 29/ OG (52) | ndex at accept ance H1K 211 217
511 54Y 563 599 (54) | MPROVEMENTS'I'N SEM CONDUCTOR PROTECTI VE ELEMENTS (71)
We, HI TACH LIMTED,. of 1-. vol tages, whi ch exceed the vol tage which the

5- 1" -Marunouchi , Chi'yoda-ku, ‘Tokyo, ']'Unct' ion. of the diode can _\;\A‘IEst and,

the Japan, a body Gor porate - organi zed ~diode itself puncture
50- accor di ng to’the Iavvs .of Japan, .do. hereby For. t hese reasons e

sprior-art _'F][(} @Nn for(iphic Im?ed tzo el ements

ar\e/not satl s actory because 't at patent nmay be. grant and

* t he @t KHderlirationNe &ﬁ?ﬁ!74suffl?bt’@ﬁt27§?e‘etl%‘ng to nmethod. byashich it |s to be

per r@dc°‘t"6“t‘%‘e"‘PPhﬁﬂ‘tt°ﬁ§{°a?§}7§"Fﬁa sur ge vol t ages. ' Fo}l 8% \ particul arly

des _Q%ghl"rdr?s H “‘the_ they. have been punct ur ed /4
(

‘wulse 55

fol f a reverse , \ hundr ed
and«H0 i ﬂ%a“ "E‘F‘t?ﬁ“t“é‘t tée)s to several EAg > from an
‘ext qun 0 and @Y particul ary
to.a prol)g%?]r‘\%e e pQ it ? tﬁﬁh‘lﬁl an[e?%ns&ﬁhave been A fien a

preventing" eIectrostatrc puncture in a reverSe surg 7“a-vol t age
exceeding 60 sem conductor integrated circuit. 0 130 volts has
_been applied . to them 15 One known met hod- of preventr hg the. .and it has
previously been(SMWbEMENESHYWIMW@'&&BROTECHW a sem conduct or
make an integrated cirfcuit whi cELEMENTSt egiated crrcurt (1C) is illustrated

in Figure wrthstandareverse vol t.age of - over t he
9 E es which exceed 8[6’ voltage ngch the - 65 a

acconpar Vg ‘M?v 1 LIMIT I— g
resi st FY‘ S‘%%ﬁ)d&h“étmllgpu iodt ge?ff ;&: °;§g°e?f6‘e‘ﬁ‘t §/a,.d| tnlteggjat ed
ci-reui a¢£o t2 Al s lof Jepe, ldashewbty arForr ntemjleawmtbetpnonﬂrtpﬂtecm@am ly be

per rrénéwtalr - theyimedngion dfop whish we taat'g 9y 1"5‘% “F“é’ snoot hed

eI ect rB’Q% f@tﬂﬁfgfrﬁ'{ﬂﬁ% s"‘ mrﬁljf ] oAbl bet ween a
€ tHe@ el bekbn ncﬁﬁetﬁlﬁ‘y ﬁlrge ptﬁ%%l’ t55 CuI arly

| n thﬂ:ﬂﬁmg stawdnene—- an 70 pr event Ot Raevine iyl tasuofg plyindredf aud
intdfratlde resent t inventippe re °sarf°el %‘E}_’g,‘i“f F‘°‘£‘5°’er‘ff"é‘r ®g taﬁee’it‘?ﬂ‘ﬂgr at ed
ci reui f:“z”n t:l:;fa %Eﬁ % er Al Frne andy e ¥t REQuRE GhedaSECONd known
met hod ese,{ﬁ g)vraedtﬂ,staa@ pd’ﬂcﬁr& eul S iréverse snrrgejpntlseemf aviliagoictadingi gor e 4 of
t he ac tmrgl mirsyit.i 0. i gni 49Gte; 13&@6& appligd totiemy 500 V or

mmpmdt)q
-whi df éﬁﬁgﬂ“ﬁﬂehenf ﬁ:s mﬁéﬂgh ssed on the
ci r.eui a]égﬁos 4 %C(I@j, ﬁl atcdih FighreP A kwithdt Wit tthge! egrbagret?)o the result

t hat tbefthlataetgm@hﬁﬁmgOdramugstAsshdwmablvelts30 Ci rcurt 7. The di ode’ Débr eaks down

‘when _ aaesjstor pyt “F eque grateth Cifquits S#levent s we
havon G i e e ﬁf’ gl

_surge BY tge ﬁ,ﬁeaﬁﬂgﬁ Jbdtwedn |on Regardr ng the forrrer .case, it

~ has beeatpacnam&eaasenhecsmtuc!losoasrlb d é?rmtaﬂ umt\hFeOESheWQ@reobseﬁOed that in

t he a§€°"%‘ie llé" S l"""s@ﬂ‘i’“co ‘té%‘:gﬁ mggf vol t age 35
“consy '73'? Rnef&aﬁedec‘m%w:shmqb | $s kb fﬂ TR stol 56 ah U5 Sgimde of several
hundr edfg 4 bfrthaacdzslmbmﬁnganmmgsmluctgnmosmmgeaplﬂse qmé@rv ¥ Vsor wher eas

wher.e arher‘aeﬂr@e %Gﬁ% §e thesinputf orhtxh?fda F§E“}e§1 %%}I;E‘lbd 70 the P-N
el an®

“appl ed‘ e i:’t 7 du eﬁsﬁgmt nEﬁ’T‘S‘}.c‘{)"& ®the substrate

and Tlrge{) eeﬂﬂe Wué/ t'/e&l&e ObeQiaW%hnaolﬂataﬁﬂergsh frorarar €gi on, that
‘a ﬁtdsont ll'eAehl thendiicaik 7i S 130 volstrse Ui lapmilwdatsb the Pt—lfNagunemmst or, the
_' resr st orReg f°"’PI§('—J‘=“sF-e?Ei %emi'(;‘é’“‘i'\‘tYP"d ‘tté}‘ ﬁt?t #0e. whereas
vhena tm L g e PV AL S co |
applTe tyﬁesanﬁmas@ordums&e rﬁm Rélts, w Bérk A + Q)uts 8 fact that
wher e - aMrwgrtd srucs pslseos appthsdatOfth t uraetdled fitnuh ures ke condevters_te b| as vol t age
i's suddiion sk :gg b of S felydoy veliagx o ehe om0 Ao &
cur r@ﬂ&ﬁn@&% ’ ?ats oY, tﬁ@ftae & Wheﬂ.e reéﬁmwfurctiust e ofy Heﬁdi'ﬂ%e%t' on can
Wi t hst pastture, wHer hwm atlagesurge gupqel i @glovar) bbothk phéremehdhes codsidereRegar di ng the
latter. !Scastéledr sfe"?!&ﬂp E qtigp, efto lt?er'cgbet Wéh@feedhatelhee adﬁighf gauent |y

h the. P—N junction can withstand. high voltage is applied on both the sides of a -
. Regarding - the latter case, it has . depletion layer before the’ occurrence of -
frequently occurred that with reverse breakdown

occur r G ET SR, o S o aety e



W have therefore sought to connect an N-type doped | ayer 3as well as the
one end elenent of the transistor structure in of the P-type doped |ayer
2. parallel with the input terminal of the circuit Iln normal use. an

i nput signal is fed in the to- be- protected in_ an integrated circuit
direction of arrow, that is, from the 5 substrate so as to spuriously
effect the |nterconnect|on filmb5 through the interior forward operation,
wher eby when urge” of the N‘type doped “layer 3 via 70 pulse in.
either the . fward or reverse |nterconnect|onf|Im6tothe i-nput side. _
of direction entzers t he el enment portlon |15438§52e CI rcwt causéd 10 operat2e
as a transisto ;;.':-'—i'.-";‘?;"'"."Vétheought' ET €7 TIE y e PO ar Ly S ----‘?e-o \J i
surge pulse. " gorent of the trns:stor' c‘g teﬁteté ﬁ E%Y’ﬂi‘ﬁaﬂ‘ i s
Situation It is tI3aaBelQAt timge 1easmale_.mt5§mﬂresem Spdbsignsl iS00 Wt .
Figure | b. Wil st ttabe-ﬁiﬁtecuwemt amrnntegramdowdﬁ adi tinnt Lufea \evﬂmtlag fronss Uthe)!

current is passin $§ Phtibn St Q?H““Flgn “f ithrogh. Q)mtenor»-_,'-.-.' o
purctir e *doped | QRIS s S L A A dret 0, Bk
both the forward difettionNéndsrs; Othe C€lérhend ‘portich &, rae\éﬁl:ttlﬁge rop arl S "f

reverse direct- IEQ?nS -7§§¢m¢e as a transistor to absorbd e {I:owete}m-:twhhemze:teeaive Ipelantzltsat:lg -
of the doped Attartf . n Jdo fejsatess the igpot ter ggituation” o
Chrough the Nty p asima _fjgg.%“%&'eg‘t \ff‘ ngS At s AR fé‘é’asa i ‘%%V F@S(eﬁsj
3, the electric. etgm‘eﬂntwlha:h @i fiffdouls, el ppnetnde ccmplaecta 3 air eﬁﬁrt .ereabm :
wher eas the po nfgaifst g&setméemt’gﬁﬁéhﬂsp@ai gndy nmmﬂosnecabnﬁlmﬁ pmolig

circuit for | &yefoigef SraHom Gl §1 ‘P’é‘i?ﬁ%tﬂi“’t&ggpﬁ e.
el ectrostat i c punct,wvmedtz% %gik:ﬁ/ RGeS ro&eg% h%j BN s eelﬁnﬁ i lffefg]_ 8. -
thereof, 'said elemmhtconnhqu napross Ithey dnp8 SWhBI@s_ttl[tEpcReﬁ ipef. nlep?et L2

e oo pem Cog&i &I}l tl g{fgg‘tel rozttﬁlg uncté:? fratic -N‘ @yﬁuq -
short-circuite o agv g - ,§ st P-t §g)n85-- '
directly under: Sdnpic o tmeglsolslstmé eo:tfl veirgt faeN eIdB ddl1aye 315 ag@tc,rcmted SO
i nt er connecti on fF‘I’Wﬁ%‘u"M tapez_ CAmHé 114319 @YZH"Ol‘Oft;l; t;gc;sg%stlgmg uadén r:hg
conductlwty t ype &z cre
sel ectivel y- fo?ﬁe E:a 6l valyrfa‘nﬁﬁe no he s%]fa(te Q%Fgr ib af S%bmsé’zﬁ th‘ﬁ%mts
N-type -90 the se@vrﬁcmmmquwx yypbk;amomesgpdomop&aiaybrsdﬂ@ﬂﬂ Phigy opada

i ithg

(2}

e:e__

P-type doped laye. egionyct Pthe dy Eteive ge
AN T SO BT R e
order that#: In’pre&&ﬁﬂtor«m At saseiwhere al Jupe - pulsbl taoped -Eiyer:2:n Shcﬁ PeRdture lement .95
operate.as’a bi po{;‘dﬁage ok ] ..é’@mid’ﬂetpelaﬂ Ul §Pl’1mle t!lerabwdbtdvmepsmylpetd raanni-l—:?t—en

LR SR
‘Bin o e N-ty S

vol t age of at hﬁastrhgng '-

N- P- N bet ween- thedscﬂtbetlrmt (greatmddet:tlhéby fvay sif - ‘the¢ TORécEd -ot[nvnat u

doped |ayer 2 thee’@@iﬂh Wfpr g!g ég giffing - “flows insuch mannerthzﬁ h@ of
N-type doped |ayeﬁ§;;g°sh R peapPanging *w@ss-pré%& P T o “;, Pt
and the N-typeweW@Gfb@uﬁtwrlc%@S&cﬁaﬁ&vihwﬁi%ﬁcralb dlt@pregéneateeﬁr ﬁete g' :
way of ‘the col | eeneorprefemedatype cofl ssemicofiductomr rthemnpm(wcmka mywutga voltage in: 105

1 t, .. ..
reference, to t heprfm%wn nesve\ﬁlonaﬂ v?elevggf a ﬁo‘:feo’fez ]unc on %lﬁ %ﬁ -
figures of ‘the aﬁesﬁap%wmem aeamagspmte vectpt&%m@reteaﬁﬁt@ c ﬁﬁ'ﬁé’aﬁt he |
zone A in wher @ nelement. o wtthstand af Flr efse " Lirge- aﬁeebyf

t he surge pul se caﬂ;‘;gém : Ivoli#e. of -

absorbed to preve 0f
senmi conduct or. t hig.thdy (ot I\ @ersuaig;ee . ] QL Qlodel V
el enent; and tb® lsefvenwesmuttwtmsunwuth -thet bade r gotres a@xzmcesedswe gmrl‘éa/pedopttdo
2c are sectional i@ &s':f ﬁN‘d’n‘&Hn apisfr | | lstl{_ggfrs cﬁ:as Yage diepsprndcaventually a 115___ .
second type. of Sefdlet ﬂ)&s e 2ahde PortioR of V Geonbt paitiea et e ryond A tandid Bl €0
"and -can 45 %eﬁe lPt(ti)g: doil;ed layer 2, whxcél@laye;l 3is v1c1mty the:eof lpou tﬂazditﬁé}tdhana, die =
reverse surge- rypedo finp # i € tse%lh@mcms B igla anegatl\re
approxi mately 1, o‘?ft fpe 13% ﬁﬂgﬁﬁ&& g'r? Eg ﬁ;Hg yosid ayer%t ézo
Were a forward SUMIcWhlsﬁd@ﬂW?ofebﬁafbart%f Pa Elﬁ:d%ﬂ% By bsgggl .
sel ectively for netde ||sgmtcotxdarmm urtahe S|A:uat |©cmseq;nwhpvmthm Bd‘mlbhhﬁiuctor o
surface of theﬁ%éﬁ@ /

[l n fl . 1 rcfa e - o
whilst a surge 5 ﬁ??af;ld%%&hﬁﬁt n' ngl Ygg g ‘L‘% %ﬂﬁ&a ﬁﬁg;c :E%m‘l ig:%flzs

advances i nsi de il N—bmectdapedinpnﬁgsnw ofoin ad traNﬂ ofl\Thus! -thd Tetwaturde

| ayer 3,  the vol tlamraw@ysult mdhev@merdwyhta Misessdum)to;ﬂnw nNsltc;zpmnn clhx&d
layer 3 'is ‘reverse bias potential exists ii. the P-N selectively forned
in the surface portion of. junction portlon |n the zone ‘A-and in the the co
P-type doped layer 2, which layer 3 is vicinity thereof. On the: * '
ot her-hand, the 55 for med si rrultaneously with the emtter sem conduct or
Substrate 1 |s at a negahlve regi on of the N-P-N transi stor (not potentlal

T e o s I - A NN I



doped layer 3, whilst an interconnection. type doped |ayer -3 becones ’
t hecol l egtorof film 6 connects the mput side of an a transistor. Thus,
the foryard surge pulse integrated circuit and the other end of the causefy
currentfto flow in such ranner t hat 31438 5 o ‘
1,438, #32 ~3___- B20| ek
Hstrate 1ele?l}n¢r§@r®§o®§§lr fmteﬁh%e*%}g%é lseln Wéi t{c%@?:g@étgﬁz jese 50
P-typé€ doped | a t nO{ ‘%ﬂﬁf _
absor bed, .and sg'?r pul h %ﬁ%“m Bedne - p:'%e\lr)entedtg he'hegl?r‘)’uncct u‘?“éaé‘ *the
i ntegrated ci§ cuirge pelne is@o trer @f egaive gemay id| ess of whet her 't he prevent ed

5 surge pul sefT gn §993b§§z§IW$ By trrogferrt \}@SWFﬁg%%‘hA se(%‘fogé‘uc S? -Qg&ive &emen? 55

above :descri bed P MlS t fHe.
Ref é%% % -input terminals of an .
1. A sem COndUCEW;n%TrD Rgire VR M{@e eihtdgngedrouikd\mt fore pr@cotidg the :

enmbodi rent rt@)nmenitcede dcmcn;ss 2@ e 3}?1‘3‘%]1 .
e1e
t he stem conduct. ?Pwn?tﬁ{ pg?tl we nagtt e@cﬁﬁ éﬁﬁ?“a&gn}tkél b Y 60
el ement "i s cons dy a f ﬁdla ép attype IO elec Gvely T eﬁx&ﬂm thedinface .. -
el enent an el ecespsksl atshelse 1cbnmmdr wffacpasko ofof tthe syps ﬁateha\ﬁrst%:aduchvﬁy type

seni conduct od5 sdb’ste’rea fnd j the  suks a'érhclt P Acs: -
conductivity ty & teg dn%ﬁ‘dﬁét’ Vi ?‘Val Oqfegl iﬁﬁ%ﬂ%ﬁﬁty LAY %@% g5

3 which is wﬁg&pe réve@k QltgSplIRChnterehtythd ormsh@ paﬂtaﬂlhehcsbmfcam ﬁmmeh’ht at
sem conduct mpus terfngrek . the\ ss@atloof bachmes tabsttflat flement { gang tOP?!e*ﬁdei:tﬁ \Pil

1
o281 EGRACHNA G, Sl 83 b Sk W e TRT
surface g ) top okt é@ﬁﬂﬁ, ebe nl Mhe) agudkt eths Qi&n 70
tivity typds caggibonsincgaileh déurteheﬂmsr c uiopductivity type reglon :

g eyt “f%%?‘tiiéﬁ?i" RL e A "f'ﬁ%?;‘?”é

' al, the sj hra that it DI B N- Qate 1emenB Aas%mqmednmm preteambr ﬂahem 20
shown in F| gur er@bhes a posmve potential. H)gccordmgly,tar a ltq ﬁaltlhbm'c t g '
surge pul se sse ‘“‘t\?fﬁjf éi S a@ﬁ

one -pol ar i ty%)sla e‘ﬁa f‘,@fsgﬁhe e ,@,ﬁ:% st fQ lc ucte gfgimi ngin. .
between the s ﬁrEe’lﬂheP-t}@BdopeHh@eri an’thhe NO t hfl sAcaseconMorspm@etm éle;aém 60

current flows, ‘Yeeﬁﬂhfeﬂe\ﬁr ol d8p Q::F‘a nel? 3“?"(5' o
the™l bwest dgi')ea ;’é‘?ﬂ@ R ﬁﬁ%@fﬁ% %ﬂ cy%i? i ‘f et lr,al

the P-type bedtRles &eC® \M‘iﬁ[xﬂlsn ofsmed seutcemm&:nt y
reachks a negat Biéﬁ;?dhem isabstratee i qudlas:ttbqr s étce,fgiu t(%se Pr?th :

hi gher -that it, ¢ O ses igg ve
element 75 r %‘CE glte m % g%e;;gﬂer gg Gc f§r ﬁgt}i% acxrcuﬁ%%s?lfu l@'ﬁ}? qf
claiml or 2, Wa@hsitdt. PheSsutge @alie sQlid&ab rbadas ng pe@emtt wmny ashlaeréih

di oxide film prot‘@htrsaéarvrhm,iamge pulse entdrs atfhe 3(yles ‘é 4 ?ﬁ% &ahe‘o’o
P-type doped sEREIRILOR 5 )ptt’%“b ﬁsrté‘m‘%iar‘%‘éi ol %aéfyg i)
reverse bi as4f SABIRAEE $ 3Rkhe Pliypeldo

P-t'ype  doped

aymstrétecaimﬁgdneu\rso that the e!enmatn conducthmrt prbl’awtt Agents| errent 80
“substrat e ¢peratesasa diode and can absorb the surge - or (i ng ne 3,

n Consequé NelbBRmINDSheh AUET 3 i Nl exﬁprar‘uae ftabis) ms
gict the fi rst‘kj?r 3 t%egglgrrg;sn%t gl g?n tteer t he P—tvge doped :pglygr

co.-nductrvr ty type Pl$§ Henmnyesmiehroﬁebﬂﬂbexamsrebdmeabaﬁmsmmhe '
N-type input ternfHiAfE? BF Merfatet ORfe FhEgiienr ' Epidngn daven ™ T PR 1
beconmes the integrated circuit to be protected. . 85 collector. The
injection of electrons arises 5. A sem conductor protective elenment from
the N-type doped |ayer 3 being the for preventing the electrostatic
puncture of 40 emtter, so that the elenent operates as a an integrated
circuit, constructed and transistor. The surge pulse is thus absorbed.
arranged to operate substantially as herein Where a forward surge pul se
enters at the described with reference to and as 90 input termnal,

a forward bias occurs illustrated.in Figure 1 or Figure 2 of the between
the N-type sem conductor acconpanying draw ngs. 45 substrate 1 and the
P-type doped layer 2 as is MEWBURN ELLIS & CO, illustrated in Figure 2c,

so that the el enent Chartered Patent Agents, operates as a di ode and can
absorb the surge 70-72 Chancery Lane, pul se.

London, WC2A 1AD, As in the first enbodi ment, when the Agents for

t he Appl icants. Printed for Her Majesty's Stationery Ofice by the Courier ..
Press, Leami ngton Spa, 1976. Published by the Patent Office, 25 Sout harrpton
Bui | di ngs, London, WC2A 1AY, from which copr es may be obtai ned. -



- -part q,f gupge, sels

[err] 3 1,438, 232 el ectrons
areinjected fromthe substrate 1 surge pulse in either the forward or
reverse. 50 to the P-type doped—tayer 2 —whereby the direction s
applied, it can be absorbed, and surge pul se can be absorbed. '

the puncture of the integrated circuit can regardl ess of .
whet her the prevented. 5 surge pulse.is p05|t|ve e 90| , |t an
be -absorbed. by the above descrl bed - E‘Mgﬁm‘ rote
~element. . A sem condu «e| eme

‘ReferrBng now to t he second enmbodi4ge2 - connect ed across. the |np t

“t er RLnal se@fonsthreShje¥iBd kerFthQH{b th NEuTT ' rat GUTI rcw t

f or -pr eveenthg ypdngoj?pw laypr Of eﬁ&fgéié ed%gﬂigflﬁggtggﬁﬁe ﬁ%@ﬁﬁ

el ectrost“%fe oetﬁ%tba Sorb?r eof ;- sai d tebetmntedmheeheghremdectﬁt&aﬁw from t hat

: i mfr)ln‘& ctRfve8tsBst rate of first N junction

. portion batesombed Jo ¥ tRe &ve scngb’ nduetiAt W ELRRM 1§-Second conducti vity

- 60 layerr teatnd t%ﬁmeNtt pe doped layer 3i:wAiswhicosductoy Reotésigé Alensl et i vely
formed ig Hk@dbodtmqnhe coprficted actoss tbe input feamieals M 0.~ of . t he

substmatleoteawﬂ |e[e§£nlc,9 E&f&jc }ifemb eﬁlﬁgr gtfddrgft‘l’%r re s:%%ub@t rate-1 are

region Sﬁeale@ctrodaek led fromRal phid of hE PSUIT h&ﬁﬁ‘g@

| "g?é:put si.de and
in par aI gnetiqnipo ‘i@dvm‘:ﬁeli’dmb%;;y cm}qyeuuvgtypﬂ a seuodd Wohduc rcuit.

first a erzg&'ﬁrf élwewusfecesur ge pul se
~entens. ahe tellaetrod Q@b JthP kb OWthe ié’ﬂifz rs&lﬁgf%l ‘}mc?%e put

I'.sU gce

o term nalcomtehtsdQnttluanpmmdbeﬁd)nmrﬂsl e{iﬁéﬁndﬁanltpr@ﬁk Ssafd Di-polar 20

" -one pol ahQ\‘tnymlEiglﬂ@

- the N-tYddehes

" seni conldpmt Germinal)Sh I f

“shown | r’(v fIfSt and Swpmwrsltmimw hegxﬁnasq:, where a

sUrge. ; revlerse tithe e? Tl GiFcuit t-at |eas
s et B APTEEAE e r:ésubg%ag ho i

" bet ween spegifiraily, the element doehigot f wola‘ge 00 at leag dhasaelan m;ae a | eakage

| “current ¢fil faut' e dmbedle dirgr 7 reaches
the |0Wé‘§§¥£eb3;pe4\?§qg€‘a@3@§’ggﬁg’ig ? ‘tg‘ggégpg[fgi? {Secunegatlve potenti al

‘the RSt§ tlvﬁot chtiaaymerPtypacnbpé laig haor gal 831 chai ere dein S “é
-subsequg j“}‘% ¥%&?an pgt ePWnledndu@mmmducOMe Humt rate is of
%CO

eP’EteCtl‘G elﬂﬂ%m%onduct or
prot.ect fmé“&’s‘ﬁﬁﬂim r5ss yﬁﬁ Eh Igﬂg%ﬁ'&t {ggﬁ a

accopdi Pzﬁ hyqn31aruirth2 ,P-tybee daped asmxdmdmm satmrnel feal 6F dhEYDr essed
b

bet.ween b‘P § Isr ct Srsheonductivity typetregidn. t he 30  type doped
layer Stypsigutls oﬁe %ﬂ%@d‘“ %Sﬁt cpﬁ@ﬁﬁ&ﬁ" cqélaw 'éw‘eg'mle EE: raq:ré af9f the

! ayer%2b Gmhsehmﬂa mewwﬁed&peaswésdal nﬁfeg%&;a on mrg?dn c&lﬁsti: el Bty tyge

regl Y rayeon izityd typé ee in se SteeNn conduct or
pr gt ect 2 gﬁmlﬁ ﬁn he p t termmals of the semlconductor accor di ng

N ée\ﬂ bs comes tegraﬁed C

. to  cl edeetor. The i Bﬁ‘loﬂe nﬁoﬁy&: 1ve Wictie

i nt er cofteraché dirtypef ddpmt lmnnelmtngthe fﬂof pxteve&ﬁng 6 CRb niﬁ?r the

} -P—tyﬂﬂa gb‘ntsil %ﬁé ?rﬂet @indlﬂrcse.rmessmteh wie 2 becones
the A lﬁl éite tgf’ﬁb Psv’}’erbﬁe sibrtantially s dreifuct or
Qfm&s HRustrht8 r@?me 2Tb f Motected.

85 c thechq;rﬁueﬂoecta]cmaw'm Sdawings. 5. A sem: conduct or
o e etk dore

¥ U ﬁQQChe for.preventing
the. el esler08h8d di @g;nl%gorpfhe emtter, 5 e l:'eE‘l enent operates as
‘a an pukeegrated circuit, -constructed an' oﬁdoi\ﬂWCQ @Ap, The surge pulse is
t hus absﬁFt}Edhe f‘&i‘r%@d‘etlb wheerthe e substAgﬂntsabﬂtyemhbﬂnsal n Wiere a forward

: surge pul %ﬁnﬁmoﬁﬁaﬁmeg deseribed—w-th—reference to and as 90

~‘l.nput. t er rPublgked batﬁ £%mw3umﬁﬁm%ﬂﬁ§g§me 1 or Figure 2

of the between the N-typ@ichsenirs oendeioitased acconpanyi ng rawi-ngs.. 45
substrate | and the P-type doped layer 2 'as‘is - MEWBURN ELLIS & CO
i:llustrated in Figure 2c, so that the element . Chartered-‘ Pat ent Agents,
- operates as a d| ode and can absorb t he surge 70-72 Chancery Lane,
pulse. - . _ - London, WC2A 1AD, As in
“the first: errbodl nent when the : B Agents for the: Appllcants

"_Prlnted for Her Mj esty S Statlonery O‘flce by the Courier Press,
-~ Leam ngton- Spa, 1976. Published by t he - Patent O fice, 25 Sout harrpton
~ Buildi ngs, London, - WC2A. 1AY, from whi ch copl es may be obt ai. ned.



