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'.:,:we; :R:Ai>IO·Coiu><>RATION '.oF AMERICA; ·a· 
Corporation· organized•under theJaws-·tif :the 

State of ))elawate;United States of· America·, 

·.- .'., :-.' of .. ·:~O;_;_;R°'*efellet.=~·PiaZa, ·.:City.·and ·state.:~of 

s New York,;Unitedc;States .. of: Ametiea;·:do 

beteby ·4~re>the:;inventiorii for;;which we 
pray ~t a patei~t may:i be.: granted.· to :us; 

and- thcf method bY' which.iitds tif be• pet~ 

-' formed~ to '.be; particwarly' :desCribed in: and: 

.. lO by the follow.ing'statement-:·~ ,< . :: : ·,,_.,,: 
,:::This invention . relates ,·to·· seniioonducfor 
aevfe$~_,:'-::::· ··:·:);:·< · ,_,., ,,.· ;_;::;; « :··~1 L ;:'?·;:~·_.!: 

··.:Semieonductor.:.:de:Vices .have:•,been ';m8de 

. · ., - ·. : whi~b: \iii<:i\J.de >a dayer::; of; :;.an\:·;electrically. 

.IS insu~tbig )~l,l,teria.1.J Oii:::at least ·,a :porti0n ·of 

. the·: .stjr£ace' .. ;q£: a:~·ctjrstalJin~; 'semicon4uctive~ 

w.af~; TP.~ insillating.Iayet inay. eo~sist :of ,a· 
dielec(riC.'.matmal such<:::as, •for .~example>' 

.. ··. 

·' '. sUW,On)rio~oxid.e, silicon~dioxide,•magnesi\lµi· 

··. 20 6.uoride;;''()f.'.,mllgilesium :'o:xide;·:The:·dielectric 

filr,1tmay.·_~e:;dep0si¢cLon· ~e 'suiface .. of: the 

=~°:1ili:;'~;i~.~~bxi~~~:~~:;' .. ~~,: 
. , anOdic ~ o:Xidation;~ by:. thermal :decomposition' 

25 of a' .•.. sik>Dlle :.compbund. ;; :by.·' heating . the 

Wa,fer. if:a silicon wafer, in anJ«>xidizirtg: 

atmosplleie :whiCh. itiClude8rwatei' 'Vapour:: ; 

'•.TheJP,sulatingJilm'iS usually applied over: 

· tho~ portions~ the wafer:.surface !'h~ .. a 

30 reCtifying. barner . such· ·as·" a ;p-n , 1unct1on, 

iritetcept$-.Jhe 1 sunace''.of:tthe.:wafer,• Since· 

ri#ifyiilg:_barriers, 'atcthe surface· of .. a :Seini.;;'. 

conductive·; wafer. :afe :sensitive to' the effects; 

· .':. •': ()f.: 1#9istutC; ::'.·temperature~. ;atmospheric . im-:; 

35 puriti~. ;_an.c,1:;:surface1';:~lectrfo•·.'fieldS;;, the; 

insu~tiiig:.:lilm'<serves to seaI-·and 'protecHhe:• 

~g>barriers;",from:•-these', undesirable: 

stresses. ·However; 'it •ha$:· beendound ~that: 

~>-'.during the••operaqonr·of• suchodeviceS;;.:stray· 

40 ions within the dielectriC :fihn·:and/on:··its' 

swtice terid •to collect··iti>the·'vicinity,, of :·the 

p~n: jgncl:ion :siidace intercepts~· ,tJius' biasmg,· 

the'. surm:ce· :potential. of; :the 'Wafer;. and' alter.:··.· 

c:'':'[Pri~·4~1j"1~] ·:.: -·:·; -.;,J <•• ::. , ; ..... _.:,.'·.:::; 

~-::;th~~;;;~~e;;:;~~-/;:~hl~h: .chaf~e· :~~i~;~·: i~f 
opposite:• po~ty:.-,re-combine:.on-, the:,wafer 45 

~urf~'. .. ·~U~;·c~ges·::in . the:· surfa~·;re;· . 

com~ation: rateS·· tend: ·to• varyothe~··reverse ·· ·. 

saturation. ;cQ,rrent.> across .the<p~n.1jum~tiOn~ 

aoo.:· hence,'introduce:·: undeSirable :variations 

iti:the eleetrical ~haractelisti.CS ... of tlie-:device~ so 
m::s0me :deviees:of· this,type;IJaving:::a: di"< 

eleCtriC: :film::· over.-'. the .':surface'' interceptS·; of 
the,:p~nc:junctions; :it:has>been found'.tbat the 

operation ~-of : the;·deVice: #nds'.to' ;alter; the 

CQnductivity ::type: of ?a thiii ;;surface· portion· SS 

of:the; sem.icondtictive :wafer,vand;;thus;. ex,.; 

tends:a·p~n;juncliori,awayfrom'the:ptot
ective , · 

dielectric film to the unprotectecl edge :ciUhti 

semiconductive; waferi:'.wh.ei'e .the)jimction is 
subject;to·:cbntaminatiori;.: This; stidaee ,layer: 60 

inversion; oondition: iS.'~own.,,,38;-.c:hannelirig; 

and~}ten<ts;1.to:_;·ilicr~~e ·the ·1eakage ~~~Urrent~ ·, .. · .. 

~ross the: p-n ijtlilction,and:thris/degrade the 

electrical .parillnet~s of: the :device .. Another 

serio'1$ problemi'of:prior::ai:tjunction devices: 65 

oL this , :type:-)s ; that: the<·aecumufationL ot 
charges: near.tto··ithe ·siµface'·:of::the: settrl.: '..' 

conductor: wafer ac'ts·,mAhe :8ame··inamier a8. 

~ -in~i~i;e::i!t:·~~o~ :of.: hole-~~ty~·':t~•· 
acts.like.an'.:mcrease··.m(the:dopmg·:level.::of· 70 

the;;_ seJriiconductor~' iand :: thus·· :undesirably' 

10\yers the reverse breakgo\vn ·voltage~of;the - -

device .p.-n:junction. :All these<unde8irabJe·· 

effects c<>mbiile to.:reduce the:·operatirtg'.':life: 

of the.:e,ompleted··device;;:to~reduce:the. ability: 75 

of:·the' ;deviee:~-ro ·.witbStand • .. high ·reverse. 

voltageS•:illsorto reduce the :Uniformity of"llie' ·:, 

electrical chal'.8.cteristics .of:·. the '.·'completed, 
deviceS;':::.i·1~;c.:'):,, '.., ,.;,_., ;'.,:·.,_ .. ··,.:.',:-<··'.-,,: .... ,:·.1 

: : AC(:Oi'ding, tQ· 'Ii furUiet ·example; of .. a: se:oii- 80 

conductor transistor device of the prior'·~; 

there 'is provided a:''bodY ot crystalline semi- . ;.- ' 
conductive material •having: three·: ~:regions;·' 
9ne:· region' being;. a .. base: ·region Of :a. given 
conductiviey:: :type :::,diSposedc·'., ~betWeen · · . an.. 85 

emi~ter~and a· ooi,.ectot iegiotrof iOppOsite con-
... ·~·>.: -.. ~ :-~ .,:· .. ·· ·'=:.~ ··.> <2;:~_:·<~::~;·:·.;·~·:::! ('· ·~::·::: j ~.f,;.~ ~·t:.:·:··~ i~.~ 
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du~~t;:typ~ to said on.e region in sai~ body. otherwise stated. - .'l:f. _ . -·- .- ,.. -~j 
·eaclt sUI -~gi.on extending to one ID.aJOr face Figure 1 illustrates a tri.odei(hm~. It \;,V 
of the body; two p-n juiiCtioiis in said ootly ·tom.pri~eS· a wafer 10 .. --~-: crystailin~~~ -~~ . .-. 
'between: Said three regioris~·witli both junc- ooilductive material .fui\1ii:a8\tWb. i>p~g . ·'. 

~ tions intercep~ said major face• an insulat- major faces .11 and 12. In tbiS example. the 7tf:: 
'mg iiiiri. oii porhoiis of said 0.ne riiajor wafer. s~iµi_conductive Wafer J:ilatefial is ~-- moiio+· ·; -'-' 
face and covering t;he surface intercepts· of crystallfue germanium.:sili.COn aIIoy. Wafer 10 -~:i: 
said junctions; elecli'&l~ in ohrilic ctmtiict incltides a region 23 of giVeri _ co.iidiiCt;ivj~ · · .-i 
with each of said wafer regions; and a gate_ type ~ween two regions _(tegion~25 -~d.· the .. -

w or control electrode extending upon,a_portion .bulk of wafer 10) of opposite C::oliductivity 75 · 
o~ _said ~s~~ film. and_ with_~~- ga~ _or type. Two ~tifying ~iers oi-p.;ii j~ctions 

, control electtooe · bbilig hisulateli from said 24 and 26 _are thµs formed at the bbbiidaries -·. 
first mentioned_ electrodes and said body of of region· 23 · with the opposite conductivity 
crystalline semiconductive material by said type regions of the wafer •. The d~ren.t wafer, . -

l 5 insulating film. and with said gate or control regions and the two rectifymg bairieis all ~o . 
electrode being coated oi():o said ~ulating extend _to. ~e same major wafer face 11. 
film immediately over the sildace intercept of Face .11 •is covered with . a dielectric film 18. 
the p-n junction which is between tht·i.ID:iittet which· may •. for example, be magnesium 
and base regions. fluoride. magnesium chloride. or silicon 

20 We have found. however • .that iii the o:ifide. A :portion of the dielectric film 18 is 8!> 
manufacture of devices having three zones removed to expose a part of wafer face 11 
with p-n. juncQ.on's betw.een the . said zones. within -regirin 25; another portion of dieleettic 
and an. insulating film upop. pbrt;i.on8 of a fi1i:n 18 is-remo'ved to.e"xpose an anri.Ular part 
major face: of the Semiconductor ·body and of Wafer face ll .Witbin region 23, An el~ 

2S covering,one. or more. surface intercepts .of trode 27 to regioh 25.ab.d ah 0annul8.r- elci>: 90 
said. p-njunctions. it .is advantageous to.form trOde .29, to- region ·23 ·ate fomied lzy deposit.;_ 
a ni.et8.llic :member which overlies at least ing a ilietalliC filni on the ex.posed ·portions 

: one of saiti surfaCe intercepts as an .eXtension: of the Wafer• In this exaniple; the electrod~ 
~. integral_ J><?rti~ -~ <>ne , YJf -the -m~ 27 !lllif 29 .oonsist ·_of. ~u~um •. The .e_lec-

30 ilectrqdes. ·which JS m _ohmic· CC>Dtact .with trode may be -'d~posited m the desired 95 
one of the·&a!d zones. Furth~~ a .sec?<>nd·~e locatio~ !>Y evaporati<,>n- th_r?ugh a im,st. -
of the metallic. electrodes,which is m ohmic Alternatively; a smgle .metallic layer may be 
colitact with another of the ~aid ·;ones may. deposited over the entire wafer by any con~ 
advantagebusly; be -caused . to extend -over venient :technique. such, as evaporation or 

35 the surface intereept of the second p-li electroplating; aiid the µndesire<l portions of 1 ou 
junction•. - ; :- . . metallic layer . theh ,removed by .grinding or .· . 

Aceotdiil.g to the present inventioo there lapping-or etching; ID-this example; electrode 
is provided a setnioondtictor device: c(>m- 27 is depositft(l in tiµ'ecl ·eontact with wafer 
priSing :. a wafer .9f crystalline semicomf'uctive region 25. but 'mtirely-. within the area of 

. 40 material. haVing two opposiilg· major fates regi0n 25i .and hence does not overlap aiiy IOS 
a:tid. three tegioiis; one of saiij regioris being jlinctitm intercepts -of the wafer; In contrast; . 
of given .. cl>nductivity type between· twb electtode ·29 is hot -only in· diret:t contact 
regions of the. opposite conductivity type. in with regcon 23 of wafer JO, but also includes· 
Said wafer_ and. each said region extendirig portions 29a . which ex.tend upon a portion 

4S to ·a ,one of said n'ia.jor wafer faces; two_ p·b. of dielectric filni 18 so as to rover the entire llO 
junctions: in .. said Wafer_ between said ·three surface· intercepts of .. the· two p·n jtinctio.tis 
~s,: both ·.jutictions intetcepting the sur. 24 ·arid 26. . · 

· · face of Said one major wafer faee; a dielectric Electrical lead wiresJ5 8.nd 30 are attached 
film 0n portions of said one major face and to eleetrodes 27 and 29 respectively{ and an 

50 completely·· covering the· surface iri.tercepts electrical cc>nnection -· (not· _.shoWil) -.which 11.5 
of said junction8; and a metallic: electrbde serves as a , collector lead is su~uently 
in dir~t contact with one of said- water made to Wafer face 12; The dmce ·is then 
regibfis. said electrode extending upon at pOtted arid cased by standard: methpds~.- The 
least the entite portion of said dielectric film- unit then can be operated .with lead Wire.15_ 

55 wbich covers one of said surface' intercepts as the emitter lead~ electrod~ 27 as the emitter 12<» -
of the p•n·.junetiob.s. . · · _ - ·.. electrode; wafer region 25 -.as the eniitter· 

The invention will now be described witli- region. lead wire 30 as the .base I~. elec­
reference to.· the ,acconipanying 4rawings, in trode 29 as the base .eleetrode, wafer ~gion 
which:.:........ · · , · 23 as the base, region, junction 26 as . the 

60 Figm:e: 1 is ·a cross~seetiotJ.al ·view of .one emitter-ha.Se junCtion~-and junction 24 as the 125 
embodiment of the invention;· - , - •..... . baSe-;collector junction; : · · · .- · 

.Figures.'2 to t),-are cross~~tioilal views· of TransiStors fabricated Jn accoroattce':With 
other embodiments of the ,invention::.- . , , this embodililent; with a metallic electrode,in 
. In the.: , ~everal Figures . like· reference: direct contact with the semiconductor wafet. 

65 numerals refer to corresponding parts. uID:ess surface and extending over the diel~tric film J 30 
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.. -a ... .; " .. v<» ~ ~u.u a.u uu · .. .......... ~t~et tegi.Oii' 2?(it WJids::to pull· d.ectto~ .. 

. s stability ~f electri~I parame~er8·· as' c0m.:.: to the surface ·n ·of wafet'10~ and: thus tends· 10 

·• ·; •. · : ,.: :pared -with conventional ~tors~ -.For !~iice~~g'1Pf:~i!:?~~li~;g.J!~'':~!'
 

. "&•.:!:~=G =·~'~..r:: 

.\·~· 

w down. voltage ·of a6out 22S volts. Iif ·contrast re-swts. · :Th.eory -fudicat~ :t1ia1 · ~e · siliia~ 'is 

.. ·. . gr u f . tes . 'd •. . T" ' ' 'NPN' tf" ·' rCOO.~bifiatioii)iite is· sri;l,ill f<)t b4-ge poSitive 

.. ·_;. ;~s#>~sjai~ied ~e>~fn;fu°~~e'jll-i~·
~ or;·i1egatlve1\tatueifbf ·sunace potential' :but 

tmhibited an aver~ge te'Verse'juttctiop· bte~:. teiids·'to'-'bcHat~ to1"1ow.·villues 'of su~ 

d wit ltag · f ab · · t ISO· ·its- · · · poterttiai.Jd~. tht1$··seei;nfuit wlien 'suffiCieiit . . 

, ~5 :~thevcle,vi!
0t>f ;~o~~· ~~~ hlso-~~-'fri~~ p<>Sitive::or -rlegative·;.,iaS:'iS'~ppliect· t~,,~ so 

.transistor. :and is similar to tliei deVice' metal·"fililf·ovet the Qxid~ Iay~{whi¢h bias· 

cf· · 'bed · oo'' • ·· .. · · 'ecf" · ··1tJi p· · .,. ' 1 ~Y for ex~mple.be,obWiied :f.tom idieyi~ 

, ... ···.·. . · '!!v.·~_ce8.i.~, .• ,~ ... ·- a-~-· .·1.iF .. -:.!.·.··.i·•0•.r.m:.~.--::·.-wat .. ·d ..... 
10

.'t~-~-.·.' r.doi ...... ~1 . ',.n._ .. 

1

~~.····c·· t.• .. sru" :. mm· ... ·.·.··.' ~ttoae, then'·the water:_surrace .P~tenti~. is 
-OJ ... csu uv ~ ...... u given·'an''exttetti.e:·value- 'either''p6sitive:o:r 

. 20 ·· 1:s: co~si:Stifig: of silictiii ojtid~ ·is 'fopn¢<i··· by ne~tiv~ With f~peet Jcf:ilie: µnaetiym'g region 8§ 

~Iy d~mpasms·.a $
il<?iaiie.~mpouii~l of the wafer. m<eitheJ:'-case· tlie sutface ~-

. and .. forcirig t'1e decdmpositi9if. p-roauct8 ooilibffiatitin"tau; iS· teatice<ittf a:· iow:.-vaiu~-: 

. theteof to imping¢ against.Wafer :fare 1 L • . and 'herice tlie : teVei'Se·' ~atrlfatioD. bufrent! 

. ' '' :Th~. el~e:.19c.is d¢¢sited fu' ditCCt ""J:ifh :. ali" d'pemt": pmaruy:, .. , , rfa.C6 

· · 25 eo~tact wlth water re~~n" 25 arui:: filSO et~ ~m~~:uot effectsi J'!aiw lrl~; _, 90 

ten~~·ui>t>n .~ @rtion·ofdieteettili ~ 18 ~ Mor~ver, deVices"~vmir
 large ·positive 

. t . th . "'tiii' , . tiifa' ,. . ~- f the ot-~egative:stitface po@tial bive'mote stable 

" : ·.·. ·.··:.· .... '·.P-p~h-~.J!: .. ··.".~ .. f-~.! .. n.·.:-4:·~·-.. :en·'·:·!m. ·-~ .... ~.' ... · ·.•2s···:u··-~-··~.·e0El· m.unec,~tts.·~.~~bet .. 3pe9:.-.t1!; sutfaces''twm.··'tliOsC, :'de\iices<~Vif:ig ·ihter:.' 

""A~ v .. Al."'" k-O"vu vu ., m¢dm~ sutfaee ;. , otenfuils;-' treeaus<:dn: tli€i ... 

:30,deposited iii dit~eotttact with waiet f.egion 

,~ aiitt ~ets.~:PQttidli of :di~ectric.:filb:i· 1~ 

so as to ~:ttetld .. ovet'tb,e·li.uifa~ 'iiitetcept·of 

· th~ p"A j~ctl.9rl,.·:24''.-rwhich surroUnds the 

' external pmph' ' :of'wafet' regi6J1. 23> . . 

· :·: .. 3S\ .•• Transistor8 m~icatecf -m··ii«oitlance· with'. 

: : this-example- with Orie<metallfo'.electt&ie 19 

· •: d. eci oofitaet' .. "th · '· · .. · ·.. ·· · · · · the wftfet mttace;' The 'elecmc fields· associ~: 

. . &ticiiJitf ::t~ -~iif~"'fegi9#,n~s -~~~ttn~i ai&Fwith the p-1f jwictioii-' and llieif sufbilie 

i,tpott· a. portion 'of the dielectric fihri 18 ·SC) • f '' '•(. .. ' .... these iif'tal '. ' .. , r ......... ,,, 

:: ·"· 
40

·.cif ·~~~ei~:~~~ifQ:1~?:Ich~th6~!~= mti~· :nf~s~urfa .. ~m~Po:.~.s.fe·;:_r .. ~r;e.~ts~:a.e:',~.rs:~a·":t~ura~ti~~-~o···~'Jnc:uirr.ijt~::Th~fe~· ftls 

· .. ' periphery of.the ,opposit¢:type\vtifet iegimi v Ul "" ' 11 ~ 

::: <$;r·~~: cb-h·=·:·~-~-·d~oan··~wnt.·.~·;vto~·p1l.~.; •. e.'~.m.:ma··1-~-~.m.• .. ~.t.1.~.·.•~.·et.:.~.:.r.~-~.:.~.•a .. ;~.'s·~·d!u!·:e~·:ffu 
titiil 24, Wbltb. is thiHtttetrial· periph'ecy 'of f:~ l.i1 1)1;1 A w. 

to·tJ:le faCtt.b8f~Jn<l6eecf P~I?. · .. ···or::N.::~e .. 

~~~~~aki;g~%~:~t~~,~~~~~: tis 
res;U;;.t:vel''~' If'is kit&Wii:: tmtt:hea : 'db · • · , · 

:t'""'.... J ....... ,.~. ,,pm,g 

on both .sides ol ~ p~n jt,ID.~oii: ~tAW,m:Ib.w
' 

;.: ,; 

v1>ttage, ·while; a,negative' :P<>rimtia1 applied "to'' 130 

.~.: '. . -." . 
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the film tends to ~~e~ the effective ~ ~. ~.the collecto,r_ eIJod~ .eft00:din~ '/ - ~ 
dQping~_ancJ h"*ce r~ the jµnctioQ. break':" upon the dielectric- fUm so .- to -r.Qiver the. .. ~ 
<J9wn vott:age. . -: _ - . _ _ _ . : enµre surface inter~pt of. the ~co:µ.tX<to~. 
_ _{n, f~ ~ the _devj.ce ·js _$iJnilar ~ that of juncti,oli as ill. ~ ~pie •. but: having--·an 

-5 Figure_ i~ _ e~ept ~~t lb~ emittel'. el~e 47 e_mitter electrode an(} a __ Wse_ el~trode which 70 -
- cjoes _nqt exteruJ upo~ th~ dielecUic. tum 18. ~opot ~d upon_the,dielectric .. _film: __ .. 

The emittet~b~. j~9tiop-_ •i6 is not ooyered -~ acl-vantage . of the . sen.iiCQnductor -d~: 
by an electrode hi this emQodQn.ent. ~ dc;scribe<J is t!J,e _r~:uction .of that _com~: 
, __ In ·_Figul:e 4; the::device_ is apin generall;v po~ent" of elev~- noise :wW.ch _is inv~sely 

_l~ similar to tliaU>f Figure:_ :Z.. HowtWer. as in: pr<;>wr.ti~ to !iignitL#eqiJency._ and -. is 7S 
Figure 3, the ~mitt:~ electrQde 47 does not. kn.o'W1'- -~ fiicker or lit J;lOise. '.J:he,_prescm,ce 
~t~d __ upon the_ -diel~tdc film 18, Base of_ the mew fi,lm.. ovei:, the- entire :.junction 
d.ecirode 49 exte.nds upoQ t,be dicdectric fi1m ~t«.cepfof a _sen.licondu.ctor_.device· tends to 
1~ so ;;is. to 'f9Ver the, entire_-surface intercept reduce the toW,. dev_ice n()ise-. ~cularly at -

t5. of the e.mitter~bllse juncti.0J1._ Z6. The .base- the19W ~ai frequep.~where the l/f noise 80 
con~or juqctio~ _Z4 ~ not covered by_ an domina~;. . :; . -, -: . . 
e.I~e ill. ili.is ~ID~_imC;llt. -__ _ ___ _ APY.:'Qf_: _the .-~J;ni~nductor devices de-
. ·In Figul'.~--~. tile 4ev~ee :i$ ~ generally scribe({ in. th~ _ EXl\.lllpl~ -mar have the 
~ to. ~t of. Figure 2. _However. uµlike ®n9uct;;yity types_ Qf -the :various -~gi.ons 

W Figu~ :z. the base. el~e: 59 4oes _11ot ex'.' rev~. sp thatl?NP tr~istori of the typ'es 85 

· t~d- upo~- the dielectric _fihp J_8~ ;Emit~ <,tes~bed-.can-be~btk,ated_with:.satisfaCtory 
electrode l9:extei;i~s upon·t{le dielec.tric film electrica,J clumicte.P.B.ti98.: , - . .· · , 
18 so as t9. ~ver ,the,.en:tl.re su.J,face bit~cept n.e :scmtlconcluctQr : devices . of · the8e 
of _the_ emitter:·.basC!' jpµ.<#()n 2();-_-'J'he ,base Exampl~ ·;:diSplay_: ·llli·_ -ifupiovem.ent , in 

25 collector: juripti,oµ 24 is n9t cov~ by an resistim~ _p, ~iatiQD.; Senliconductor de-. 90 
electrode bl ~-e.m..b¢~eµt. - _ . vjces-._ sue* -~ ~t01'$ :used. in high radia• 

__ Iri the., a~0ye ·;_<:i~ffibed . :~ples;. _.the.. tion jn~ty. _CQ,vifogn.i~l$" t~d to -_exhibit 
eiectrica,1- _co~ept.ion ~o the -collector .r~gion sw.r~ic' ai;K\. _ unw;~iC.table tallures .-due : to 
of the tr8!1S~!()r 'Yas ~eat tll~:major wafei· radiaUon-gen~~ted, · _ io~tion · within .- -_the. 

30 face. ()p~te the-. ~er: ~ ~ring tb,e cievice ~~osu~. l1ii$ .-JOllization, produces 9i 
emitter and base connections.· In the device. electi:ic. ~hlu"ge,ir_~-, tb.~: ~~ed oxid.e ._.sur• 
of FigUr~-6. the."clecii,i~ ~nnecti~s:to the ~a~. 9f~tb~:-.4eYi~.-:arui'-~~-:changes. in 
emitte1\ .~--- ag.<f-, ~11,ectQf _ regions . are. all surfa¢e . s~siti-v":. d~ice .chilnlcte,ristics such 
made OJl tbe,$ame major wafer,~~·. · · · · as no~ ;rey~s~---~m~k-..iuid-,bi:eakdown 

.3~ · 1;4e d.evice:of F~-;~.Js_-tP,~;~~~(1$.(~*- voltage. T~e: pi;~s¢ti,ee Pf:_it"m~taUihn on·the 100 
- o.fFiguie S;,: exefipftlil:l~;tn addition to file oxide ~y~ over mc:,,entil;e jQ.Uction intercept 

inetalli.C- :electrodes· -19 and 59 formed on ot a ~iconduct9r d~ice _tends to_ shield 
major: w8.f~r i faee .: u.-; a,~ th,1rd : Pietaru~ th¢ ())tkie. s~ -and -_P.Jipj~e. ·the:,de.­
electi:ode 60 is: also formed on that same leterious eil;t:iCt: of; 'high :tadi~tic)ri. .environ-_ 

AO ~ajor face :11 by-tec:hnk}ues such. 8$ th0se ments. . _ - , __ _ _ - . _ . I05 
- - <J,escrib¢ Jn ,c<).nne¢on: \vitli l"igui:e.· 2. The _ The Q.bQve ex~ples ~-are' :preferred foJ,"ms 

electrode ·60 ·niakes direct connection-to the. of 1fu, ~ve~ti9.1l, _-H,ow:ey~. J)ley have_ been 
body ,of the wafer, Jo. that. is to the' ~~Ueetor- set forth_ by way otUlus.4'ation only.-and. for 
regio~. ~d ~ c(>ll~or ~ 16Js, a~~P~ to' e~pl~ ~~er.·, crystalljne semiconductive 

. 4S oollector ~lectrooe 60 .. Thus. m- this example. mat~i.:ials:and ·, P~er. Q.opmg agtmts may : j)e I 10 
... tfi:~itfiiti:.¥1.ez:=if!~~~: ~tjl~T\VEctAi¥:iS,:~. :-. '":. _ . t9. :~#e!l~fuwn.. tb,edielectr~c iiini'.is so .as t. -A semic9ndµctor .device comp.rising: a 

to -co.ver :~--entire -sli~ce mtercept of, the_- wafer, of. cry8-tallin~;setµicon(iµctive material 
5() ei;i:J,itter-~se junCti.On 26. The C9llector eJ,~ havh,lg: two. opp9siµg major.:~ anq thr~ ll' 
--- ~~~;~~ e](~~<l~ _upqn dieJ.~tric film 18 so as_· r~g!ons •. one, of. said. regi.9ns, 1'emg ·of . giy~ 

to.- cover ,the ~tire surface mtercept- of base- conductivity typ~ J>et,w.~ tw9 l'egioils,of the 
c9llec~~jlU.lctio1i24~ · _ -. ; . - . __ Qpposite condu.ctivity tyP,,in s~:w~~ ~4 
.~,$iD;iila(trai:i~rs.nay:~:faQricated;_a$,jn· ~ch ,~d, regi()Jl- ext~ding_t()_-~ -P~~,:of ;sajd_ 

S5 tliiS .exaD:i.pJ~. with ~ectri.Cat c0nneC,tions: i9: major ~afer:-face_s; two· p-~jti_i,.ctio~ ~ $akl 129 
-aJ1 ~~,regi.C>lls ~f .tJie devli:e on oJie:.maior· wafer betWeen said three i;~ons; b()thjunc. 
w:afer.:fa® •. but ~vmg tJie base electrooe ,59: ti.ons bi~pting ;the. sµrface o~ -~id one 
~st~. ~~ :~¢ emit~ -~ei#~e •as iri. Figrij:C m~jo/. \vafer.-fa'7; a di~ec~c Mn pn p9rtion~, 
6 _ ext~diµg_µpo~ the·d1el~<;al film 18 $0 as. ()f sa,id one_~Jor W!lfer face ~2lll<i: co.m.plete1y _ 

® t() ~ve[;}~'e(:~~ su
26
rfalnee intercq>f 9(~-e·; C?V~~~ Surface .il:!,tercepts 91,_~ajdjun,c,~: 125 

e,n;utter-~-)1ill.c""on -- . such an Arnn~. qon$; . _ : a,JneUJ]lic el®trode jo,.-.(lirect·eon­
ment.- the:einittefeJ,eclrode inay not~t:id tact Wit&." one of __ said wafei ':-·ons. _.Silid 
upon the,- 9.ielectric. film; -Alternatively. _a. el~e· _exteridfu.g up9D, a~ ·13'Uie entire. 
transistor : ~y- be. fabrl.¢ated with all thi'¢e p()rtion of said -dielectric _filpl, wlifuh ~er$ 

.6:~ el~tri04il eonnecti.:ons. on: pne µiaj9r ~afer one of -~ surface_ iritercept~_- of th~_ 'i>n l30 
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the film tends to decrease the effective N 
doping, _and hence raise8 the junction break­
down voltage. 
· In F.igure 3 the devjce js similar to that of 

' Figure 2, except Jhat the emitter electrode 47 
does n0t extend· ilpoµ. the d~ectric tilm 18. 
The emitter-base junction 26 is not covered 
by an electrode in· Uiis em:bodimen~. 

In Figure 4, the device is again generally 
l~ similar to that of Figill'e 2 .. However, as in 

Figure 3, the eoiitter electrod,e 47 does not 
extend . upon the· dielectric · film 18. Base 
electrode 49 ex~ds upon the dielectric film 
18 ·so as to cover the entire surface intercept 

15 of the ~tter-b~ junction 26. The base­
collec~or juqctioJ:l ~4 · is not covered by an 
electrode in this embodiment. 

In Figure s~· ~ :de\.ice is ~gain generally 
similar to that of Figure 2 However, unlike 

20 Figure 2, the base electrode 59 does not ex­
tend upon the dielectric film 18. Emitt~ 
electrode 19 extends upon the· dielectric film 
18 so as to cover the entire surface intercept 
of the emitter-biuie junction · 26. The base 

25 collector junction· 24 is not covered by an 
electrooe in this embodiment. 

In tlie above:· .. described eximiples, the 
electrical connection to the collector region 
of the transiStor was made at the major wafer 

30 face opposite the wafer face bearing the 
emitter and base colinectiorui. In the device 
of Figiire 6, the ·etectrical conileetions to the 
emitter, base and . collector regions are all 
~ade. on t.he sa;me D:lajot wafer face. 

35 The device of Figure· 6; .is th~ same as that 
of Figure 5, except that· ln addition to the 
metallic electrodes 19 and 59: formed on 
major wafer :flice 11. a third . metallic 
eleetrode 60 is also formed on that same 

.40 major face 11 by tec~ques such as those 
descri\)ed in connection with ·Figure 2. The 
electrode 60 makes direet connection to the 
body of the wafer 10, that is fo the collector 
region, and a collector lead 16 is attaclted, to 

45 collector electr~e :60. Thus, in this example. 
· the base electrc@e · 59 does not extend upon 

the dielectric fihn 18; The emitter electrode 
19 extends upori<the dielectric film 18 so as 
to ?>V'er the ;eiiW:e.i;urfa,ceiil.ttm:ept of the 

50 enutter-base JUD¢tiQn 26;·:The c<>llector elec­
trode 60 extends upon dielectric fWn 18 so as 
to cover the entiie surface intercept of base-
collector junction 24. · 

Similar transistors may be fabricated, as in 
55 this example. with ~lectrical connections to 

all three regions .Qf-the device on one major 
wafer face, but havi,Jlg 1he base electrode 59 
instead ·of the. efuitter. el~tr:Ode.as in Figure 
6 extending upon t}ie:c!Jel~tii¢~l film 18 so as 

60 to cover the eri.tiJ:e);ur(~ce : m~e~pt of the 
emitter-base.juil.ction°2(;.c'Jn ~ticl) E!Il' arrange­
ment, the emitt~r::~Iecti'ocle:: m~y: P,ot extend 
upon the dielectric fiJ.ut Alt~atively, a 
transistor may lie fabricated>with all three 

_65 electrical connections on· one· "major wafer 

_.,·: 

face. and. the collector electrode extending ~ 
upon the dielectric film so ~.i;· to CQVer the , ·· -
entire surface intercept of the base-collecto~. 
junction as in this example, but having ·an 
emitter electrode and a base electrode which 70 
do not extend upon the dielectric film." . . : .. :: 

AI>. , advantage of the semiconductor de; 
vices: described is the reduction of that com.; · 
pofteiit • of device noise which is inv~y 
proportional to signal frequency, and.:~ 1S 
known as flicker or l/f noise. The presenee 
of the metal film over the entire junctiOn 
intercept of a semiconductor device tends 'to 
reduce the total device noise, particularly at 
the low signal frequencies where the l/f noise go 
dominates. .. ;;;;-;,; 

Any· of the semiconductor devices de-· 
scri~ in these Examples may have the 
conductivity types of the various regions 
reversed, so that PNP transistors of the types 85 
described can be fabricated with satisfactory 
electrical characteristics. . .. , 

The semiconductor devices of these 
Examples display an improvement in 
resistance to radiation. Semiconductor de-, QO 
vices. such as transistors used in high radia-
tion intensity environments tend to exhibit 
sporadic and unpredictable failures due . to 
radiation-generated ionization within the· 
device enclosure. This · ionization produces 95 
electric charges in the exposed oxide sur-: 
faces 9f the device, and c~uses changes in 
surface sensitive device characteristics such 
as noise. reverse current, .and . breakdown 
voltage. The presence of a metal film on the .. 100 
oxide layer over the entire junction intercept'' 
of . a semiconductor device tends to shield 
the oxide surface and minimize the de­
leterious effect of high radiation environ-
ments~ IOS 

The above examples are preferred forms 
of the invention. However, they have been 
set forth by way of illustration only, and, for 
example. other crystalline semiconductive 
materials and other doping agents may . be 11 o 
utiliz~. ·: 

WHAT WE CLAIM IS:-
1. A semiconductor device comprising: a 

wafer of ·crystalline semiconductive material 
hayjttg· two opposing major faces and three 115 
regions, one of said regions being of given 
conductivity type between two regions of the. 
opposite conductivity type in said wafer and 
each said region extending to a one of said 
major \\.-afer faces; two p-n junctions in said 120 
wafer between said three regions, both junc­
tions intercepting the surface of said one 
JIU1j~r wafer face; a dielectric film on portions 
of saidj)ne major wafer face and completely 
covering the surface intercepts of said junc- 12.s 
tioris;. arid a metallic electrode in direct con-
taCt ; with one of said wafer regions, said · 
electrc)de extending upon at least the entire 
PC?rtiori of said dielectric film which covers 
one of said surface intercepts of the p-n 130 
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!~~.:' ~~w~®tor device according to 
· ··· Claim l~ ·wherein said ."metallic electrode is in 

ditect ®,iitact' with. one of said opposite con-
5 d~vity ty~_regipns and extends upon that 

film over the entire surface intercept of the 
p-n junction whiCh is the external periphery 
of said given oo.ri.ductivity type region. lS 

3. A semiconductor device substantially 
as herein described with ,reference to any one 
of the embodiments illustrated in the accom­
panying drawings. 

· · pOitfun: Qf sald ID.~tric film 'over the entire 
SUrfu.CC int~pt of the p-n junction which 

··. )iS the ~xteroa! periphery of said one opposite 
• . COndilCti\lity type- region; and wherein a 
l0°BecOOd metallic electrode is in direct contact 
· :::W,itli said given c0nductivity;type region and 
. 'GX1;ends UPofi that portion Of. said dielectric 
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