1,124,080 5 pletely.
The remai ni ng photoresist is then |ead to be connected to the anode or

P-type renoved Dy a sultapble stripprng ford: tayer—20—An
al um num coating is then |, . As a result of the above-described
pro- fornmed conpletely covering the upper sur- cess, there is

produced at the intersection face of the device. This nmaybe acconplished

5 area 21 a snall 7apertPrAT>E(N’fg SPE(]&@?AWI@NMW%I met hod

as, for exanple pe region 20 and into

vacuum evaRor at jgrr B e eaf t er the entire whi ch [ to
/ I N
e e o 8 o RN ce e g, 3.l oo o T 2080
subsequent” “N- /&% RUoAW opera s&gc Otber, 1%*5d et CRjoNGsaa 165
process Wi YR beppiemtmlmmd m'mhmsd apes tofi rAandiey (e 4@%95)”&3

sel efti vel M| i b{’]{ necessary in order to

obt agn any_Tdel, 8 ubéf’%l’f?tfo& ,T?S:g? Tieg OrRERS! Sred Bhér4Pson
oper §ti ng char dQeEES £ of cbih etprspsmﬁudnn?ublf%ﬂw epARad 196m ¢ contacts
are to be ent i on@ Oi%wrs@wb/hghgd@mst ry di odg@l I nggokne pl aced.
The al um num coati ng renmai ni ng at ermbodi ment of the invention,
the slots Iftlex mhecopiantengllils (thlerlCXl 281482101 2620e 3RIMVATMH; 4C11, 4C23, 4F1A, and
18 were forned approxi mat&i’y 4B1E: 7. M; 3halPln&h &) i nto the underlvying
silicon. Int. Cl:—H 951{7/0mi dth and approximately 3 mls in length. In this
manner there is provided over t Is resulted in an

aperture or opening at N-type Iayer'%%%c%{%“?ngﬂe P-type | ayer
Lhe area 21 Wlethody O NIakitls/Shiall GEsHIBRT APErGIRFAIEH MbiHafing DhE fg'L 2N

32, re- M Semiconductor Devices Produced b/XsSHCh Methods specti vely
as illustrated in Figure 4. Since a next steplnthe
manuf act ure of WehQEXAEhBSWdEhSdﬁ((mhm—\Hbong!&;eedlnﬁénﬁ)i@eria?cuﬁl&ﬂ TR effect is 20

snmal | geonetrd ] gﬁﬂ‘? t'g)t(g’%ifd]fge A9°Pr 1o (g ;tl‘hfd Efﬁﬁ lsW;qudmn@r hiede Wlbhmzasuﬂw MW as
phot ogr aphi c 5 merica, oﬁ 13500 Noﬁl& ‘é pre: \nea%lf @pm%lgfthls slows m?él !

maski Nng t ecBnkgieDalik, | Teads| OVkitepr BEEDT nchmg operation. To &\3febmt! {HeseWb- openi ng
fornged at theAinericerdo haebb'aﬂqsrkareoﬂle appntMI nm:teulnyar{a td prvide higlee fréquency and
sectyon area fg%lme%}‘io X B%"I og‘ﬁg u ‘acfgsten aligle) Hc 6h‘fﬁet} 1&@9&?@@@3150 and
32 Il to be erfo rgsrgc é‘gibéin ué ﬁﬁ : ﬁ%@é?@aﬂ ly
overlap ont mhed by ftie | faitowitg staaeyieﬁts— actan araimlhbl mdi) stdr Bt

and heat is apThe m!rseahmvmmasﬂ%thdmwtmdﬁ the riecidon. Tlhackhtwnl the 9@1uced junc-

plied whereby’ &"Q#‘“lg@ fggfﬂ Y ARGsues “C‘gs’o ¥e Peare: L‘I;'gggr :%E KlgW‘EWﬁucs‘i A%e the
layers 11 anchrodehiosy adh gt T ol N¥&po Thf‘ft d forh

f abri cat ed fsrigmarla tmefl@dvadtmtomg)f msu]atmL tion drﬁE hﬁées b an\eghdmsm eand 30
there is pro- ma‘?‘f’&i TqV'ﬁFd o leFaWICyﬂdyiftPn won ok diffesed @@oktibn\iFangstors and diffused

vided a j unctﬂ*“ﬁljtl iR PE e\?%f Wfohaniince é,lof"ﬁ ] 'Zeb'oﬂ'ﬂ@%?%‘ fhe

m; k ech
expanded ohmi Lﬁometry ]unctlon JceEl Qﬁd g Q@ﬁ p?{?: Ldx h'lllé- r:thﬂ%(gg\xr? foﬁﬁné ?{vl[ié: al
contacts 3 JzoamhoBth qseqicomiwvienturiaceal manniyer 9b achdca et & kiliGhlsGstrale @nd

realized. It | &hagisyncony ‘éi’tﬁ treng flndhtmeu’ W@Vﬁg}y% efderS'Btewr@Bmand ex-

d t( d 1
o e one T G T R o
result of then§Xt higher speeds. In reOpoinédetol anysertuiB 1 B4 1oRFedodr m?o% Bosds t the

trenely sm|5|deqng§i|, dath2diogss gad dgdsns@_c@rs thhe  then pldCCd over thk plicegradist dfafph&tbon of
the donor . Crljd n"a%r(;gl ltr(‘ﬁo am €5C tl'gr(lldi@:d fL;?OIOJ Sl\t l’l()tlge 1r%ada d(egonsaof/éh

35 ing the N(ﬁ)yrﬂﬁlgaé USO8, a4 d@muﬁh | NBURd sk mﬁrﬁ dmjﬁi{ﬁﬁﬂs ks
been. f abri catpbgkical dingnsd@@ of the diodes or tldtepﬂﬁlctlhd)ﬁlasa r‘vt@dﬁn)ﬁ Ltl b& dSdohve& @N OXI de
| ayer 26 &PIGWITRYS t Wé;tlg@ p@@ese%em O‘d’ﬁl} 1 qngovgﬁlhhg ecﬁer}ymg regions of Lhe oxige f or med
whi Ch conpl etv%ey yeé (g r;é “to b %ﬂ%&t%t (}@i Mlallrhl nch doe g’e‘é:gts f‘{%ﬁgéﬁa% hi gh
posed surfacer ake h E rNr«Ey@ef q83HRiks the resisten¥VipdG0H Sist coating.

As a further sstt@plglspﬁedsht;nmhdlfoacnaw Re0f-  As Asesaln oalHiSEﬂiH'cb&‘Igi‘a}ilﬂ(, R

pr oduci ng tfiﬁnél“lrements erBVE”E ]‘"d d@dgﬁdftﬂhmrem\ﬂxsl having reexpanded
ohm o cont act AR, s P i et Y AR Erya o eads
so as to al | emandistirs, amafiltmvél@e%f:thrﬂ:g. \ﬂfﬁ(}h e d'u@cﬂ ace - e pro
operation as hghhfr henfcncﬁe efnegmﬁChm lug eed V\@xm ducandnumnle.ybd@mm arbaspite its

40 retard he: vicgs. 1
advant - a.dd 1on v\ de is sﬁ'ltéf?eg?fgg for- or ess, thH\é agfehzh on 12&’ an:;a! ges for
use as a contagi @éb - tHoboPB of minority  graphic  nfUHTES! Olg %lﬁﬁ gt LN
t he diffused utrenrq irc A dhokbyt @irthel@vice e, caddk UrirelulYitid &g (ReViRpd the dpertures

gi ons bei ng degBddeedid.jexpanded contacts |ess a number of di sadvant ages
t hat are not 110



are utilized. The etchant fluid is first applied characteristic of gold
and nol ybdenum The corrpl etely covering the surface of the

in Figure 3. Since the silicon gold wires are bonded to al um num ohm c
oxide layer 26 is substantially thinner than contacdts. an internetallic

conpoung, of gold 50 the oxp@eodoayer 11 and 13, it wll be
relatively and alumnum s formed _This conmpound 115 Si rrple

to closel yp&m Qh phiGuHUnRdl Qg Qfmaslbemﬂgatt?ﬁ'u‘i)&{ Bre ndRELAASE bRGichel i ability
of the ~havin, rgctdn;,elmcbpaqg: &easaSpettoresonpatee]hmubmnmm bérfebrlcaydaﬁs thdevi ces

upon whi C hmayg vmg n:o width to Wthh eagasl forglechs eque nt |y
%&thﬁ

cutti ng }283%1;‘ hﬁ nrloh?ﬁ, ur; wlﬁb ﬁé e ugrﬁﬁ lS u l'b“
ot her e&r@ds r& le& i NRE ehyd Iﬂ{eoseeonm 1Hdtlm YVthidEans ~of
evapor at | Opra@icitdn) Fabherm dtha shglyidomenwh eirae lm\ﬁreﬂmncﬁedamh poronsro@$udl ts i n

el ectri cal bly{giondﬁ%orp% ST formp %gb('; 5“1‘1“35 ma‘e”a'c‘g.‘}gt (f ik l?efojfﬂ ;aced so &s
to al | ow aERon sﬁésﬁepp (R G iP AR S8auchife v 7
t ernal Ig’a odd Qﬁ'pﬁﬂﬁb@e& hetiofsat BRER, holeS il thé @Edn@lhsGlbtinp@tSat decr eased
gai n, and Hence, there will be a corresporld—l patal ayterresp@tiveTloe Oémttqrseeﬁmdewf@dirit hen

desirably. 1|‘Q9V\P Hléé §’éeml9f"§13 s(ﬁﬁ‘%f’?icf'  with the second and ‘h'rg Bs-tark through
f 1 t {f

a photo Org%tc feCs edngat wlurch c Wﬁ@}{iﬁhﬁﬁ%'h&k Qﬁ?ﬂseségli% | ayer

13 is se %arsmtor-Ede G\lﬁéﬁ:ﬁﬂjeb& besseddi sa Mé‘sntoa@ﬁﬁ firdheand Zbcond regions, of - tively

et ched and rl"emvedlttlovehmrmxsa a ogbel of olesired ciomurityt chaBicteristiog Slzstmay be

king duct l

i o T MRS v TR b7 Sitsy 1o
ol ybdenggm, SubtadeN? BQr posne type im 9

t her eby predided a re- rranner A th| na d {econdTholeo i}tbﬁi&lﬂlﬂﬂg bisnié hdsrst

gi on whereb gvaiegpgg W%@G‘?l%t La%%}:?‘f%‘gg S%EE %ﬂar@w# ace of the
devi ce S

di of dnd 5 £
Fi gure 3js :Eﬂ’on & b3 ,y enumis 130 condulctor body thrgu h ha't 90 Cover ed
with a thin alscmnnf lagpo loflins bl irfaterig-is Loh desg sdznducztmdsevaehe eficoland t he

devi ce 50 formegromdhe s efeg’érha S%{W&O%'F%d PGHi Y lYee thatsqu aghcplet#et 0 t he
fluid etchah] ) Fﬁéml’ﬁremov@ty\@)foﬂnn ﬁ@%ﬂh? nﬁfggé ?8&‘“\% nfilg desi redy

sol uti ondo ¢ E@orﬂXél(dﬁnﬂeﬁébﬁﬂv ¢ firg shehRCt Feghy T e- tern of contyacts. |
shoul d be tagixpde thvagemi-podetbr itody erfrea sllot arther A:slbedumesulirt whfchtthe 5 with’
the use of “Holh (gﬂ‘@lﬁ{ifn" RETGPE ot PREFE s dpver, gL Kess, the’

sm m CI' 831

etchant 70" ah enisbyatinirakd Ve batiboy b $M§ Hfonotih Kegiove the
second |35y<ﬁrthé57enﬁ@nﬁ)qm3:edy expoel y:lgdemumrougs theCHrst alot tmyredn b IfitsO difftisd su(b t he

upper sur faidestef Wher Pnitlke ppid stepred f{E aregs substantipliyt benegthgthe Hiest gsit d does not
t

al I oy wit h’e"%‘;}ﬁ%ﬁ% e TR ’%"9 %{#gﬁ S R L éé,ﬂh
contrast, Widp trng throughics he ritf $¢ dfudeli CRI QX156 | ayer
where t dE;&fmblyedle firet b sb@nd)ls}dls rmrl L( dudﬁcﬁ boAg t@ formsallsécoafl diffflied 105

here. ??S?Eiﬁﬁiégﬁi I e i Sﬁ}%é%i%?rsfmcnfifﬁc

the gol d. afslte compsraivaly Qh-gé HPdkophriss td 00 Ehe@ém M @Ebr QubfdcA Fithin HIGA qyb enum
I ayer s afSethele 1"ttedslers ﬂt leagmble to alttsubbdquecmnsmatt tdldf fsu:sm(mddpenlat I on

ab|”m§/\{‘}$ outah ree ﬁ(‘}esou e))((?l g secon aan@sl nce the
slots 52 4 o 1A DAY (B &}@?ﬁ ¥R e§£§%@$ﬂd BPgetwoul d be

appr oxi mat#dhyugh edchras Imd dlbLQMVﬂitHaye B0 dis- amomde dof degeaidatdt ahe Gfsi tah@
sem condifctetion af')drm@gt fem tthee f@{’r’ak{i} dwérﬂ@}r eAB Impjufty is Hean diffusdévittes i s

ded corne tc ch were mentjoned ¢ 1k t t
m ni m zed. r%u;‘]’e th;m (lisxstf)ruonblwxll o?;u.r !EYQ dél lti Jréa)dgfol }im] o)‘('] }({m‘l{l?b elc? 01 square
Consi der i nGaQed: 'heb{ RALAOML SihddUBNIH@N  &Jion mdstdntmlly bdnedt® llﬁ: &&nd Qole -

sur f ace- ordeatoh edis rsrtetslocgmabm;s betweAs andf withihehe Séceqi diffutehereg@nug act ur e 05‘

20 P-1 - NShip nndwe b dp orpduce Al difees geretsnos cdntt‘ffeprg b;ggemt@mo?dmp- I-N .
[+
hi gh frequ{é 'gdnd f ngiﬁ lltld:ﬁ élé 5@ nd i 'w fof('!lleg:yo d di ode, as
shown in Fi @ihom, of Befuityl Sadll Sito thesd  SHTEME raf,l tm Gndhmawbxm of the
st eps posﬁd-e smztllh@ tp‘psezes@tunftkmcgoof utnlu@m lppmg connected to each of the
69 dumon of extremely small junction areas, diffused regions, 125
thereby allowing the production of semi- This invention can also be utilized in the

conductor devices capable of operation as production of miniaturized integrated semi-
high frequency, high speed swilching de- conducior circuit devices wherein both -
vices. Devices may thus be produced, in active and passive circuit elements are in-

63 accordance with the invention, in which the corporated within one semiconductor body. 130



in the manufacture of the P-1-N diode 50. ¢trinsic material 55 within the

smal | aperture As can best be seen in the sectional view of 53 a
predeterm ned anount Of acceptor ITmr 25 Fgure © takerm atong the t7me 6-6

of Figure purity. Heat is then 'appl ied so as to cause 90 5, the diode
50 is conprised of the intrinsic the inpurity to diffuse into the
substrate to material 55 having an;gyigig | ayer 56 com form the P-type
regi on 51. -The insulating pletely covering the upper surface of fhe

| ayer 57 will AGsisaS i@ 6 lifiiasdgromsd ©0 Afir than R4 8l 55. The oxide | ayer
56 may be tourlnwdrbt l!temeﬁllnat e’rcbzbmglmiﬁuusa;son 8) wuhef acappt @ inséhicOMaPeed of

any conventi d‘ﬁ g }"T Achwb@! mrmeaeubgmt attle refddence g t hi s
o T eran Soar S Pt e e TR SEs e, her
w |l be natu ﬁa-lﬂe’y over UROHIffEisBE r&sﬂfuf' aegnef Nt Ju@ctepewm(ruﬁgﬁlﬁ)t z!u,yr%d or med
a ve t hi n |nmylere 38 gfchini | lp@mqu@xardeem- emgmt»itlerhupgasm invédties; sui t abl e

1

aﬁ o PRt ol R

eri 56 wqyls X 1 'ﬁ 1?;%' | ness
oPr oxi Matralsyr é.asoea@n @hlelrpWD idacl !l‘balf)nldcll e P & fey U Siaece of manifat- h.?55

eI ongat ed 109“3‘l to afipW Mﬁbnmhisb b"brlttt’ j@tﬂf#ﬁe hgu];ei’g LSG aplan Vgew ofa sntlalBéeGhetgA was

p{ eVI OUS| y f Q Slli‘;ﬁ gtje C fg.r%#;;&ne on thc C c()n[dﬁygqé] Eé%rgyéhlﬁdd}gl?é’fﬁfg%%dbeen de-
O 64 1S 1BOWLE TR S8 Aok e LAGE hﬂ’é egh strip

52 of the | ayenages wigl OtteghiRed Usaungretsxletenphot:@g{amu Flant V@S U1 GHAI geometry

sel ectivel y Pe¥bseddn % Y. E%fha@é @%ﬁ‘lms alhbl‘\letl@lla|»n:gtrp<n@1@es.a3wd195@rwdmed
. %ﬁge W

above, the i Jos 20 Bk # IBfenidie nt r| nS| G sulating
| ayer 57 i s s egtrg dmarcte ét:.g%'g"" of g5
acconpl i shed r¢3 tor- mﬂnera@cr eaanaénanhe sReatstoﬁ4 6-4, bmtntgxp@mdwcﬁx hereoft € sane

phot ogr aphi c“t1t etagly fare Jigs gec su F!Eereélsorfpktntv@\wqﬁalsmatsgemnam eri al
55  above R’ dée mgfach g’siufi r@ BN L('m “‘tﬂyﬁﬁ“tfh?ltﬁ‘"‘t h@"&ﬁsea’dof t he
smal | aper bilifpoa@n:  wheREt fust adér earc Bigl£8 ?etc eﬁ

aperture 59 \mﬂIiZbd ai swdmgahtegateamthﬂ 191 sAﬁacgbﬂ@ Ct toet htﬂgfe@r cess

there is fo ﬁ‘té’ﬁ ducgjthe cgs %13‘?‘1 cir- I € fftdmes“létpétptmqsen 519/entib310 the
g hL[ ! l\ g

el })nd}it ed sl g Ld":{?’pr(ﬁé) )s'@ﬁﬂﬁ?ﬂf b waters %r ; §

pr dE* er m ped numben oMaclivd a@smarcﬂl?ﬁleﬁﬁ Gixy ﬁ:&ﬂ% re me%a?l‘fn% of

donor” i npurit les'o Ehswtrxangf e!rlmlltehmaskmgmnsecoﬁdure neud ﬁitplaﬁgu ef cdmpldtdd next

formed Nt y@ iy %Eﬁtrn 9 eotf‘l:ll vartet Lll"L ut C ]bée Y sulagyeieniphdrguidrace of

the first i ngUloBhinB thay ek t ydc‘ ¥ @,lcef ¢ PHPIAR clafsBd c¥sitle 50

56 and oveas tmimesee:mpos@edusﬂdsnteasefnmf whilieai n- Fxgt rayertb 8 blaphiish ot InlairxosPloet el y
mask the ex- wideJange of rgspstnes widued capnlebuelt Ol‘ek‘ﬂ?idoﬂt}@%rm?dhe’on Asighapewer,posed
surface of tl@?’ RPY JHEU YRGS e 81y resistor £qqy | Fegu SSVHPﬁlf eferabl y are of
the It is i@ REoNAEPLRA PhidNRleakR® RRSHILODL T ?ctu‘rg

pref er abl y4otirsitl restsoms cani themadeoitit tieifosh Otalofgh (hl It 1285 D86 inoios 24
will d os &’cfPrt“P@ﬂ' Gveﬁr {gurist céain %j ri('reéss:oto be det erm ne "the wi dth

of the intri fi&Hed) “‘ 5&;’ (E:g degg‘ﬁt’gmwm Ml4b’§a£g“"“""a{ ﬂ?‘“by
high | D e econd

beween the Pid waemet@@ @d&o qaadhét
i nsul ati ng43 Ayserrbeﬂiﬁbdzve ardegi onhif hetat b:ms detoer m ning the operating 1ia

t hi ckness su I”I‘eeﬁ“”t‘qqa’ tiohe  Bha éci:tsetrnl@t\mn\sofofle tonplegnt i 1 e
di ode 50. Thbg:tl’lnlel:&e[g%e?gaﬂle tlflﬁﬁp ;B.M(%I‘ d% ct g \lnd lS gﬁqerégl ?;dl gt t[he
positioning mw deaeal s@ﬁﬁleymcpﬂhft@ raﬁihet ﬁ PP BKI e | ayer
56 s of ast Wlteewtvestsrwlt Hencnuwwdga‘ cut hrga hiogtm ﬂap).hu &Llleﬂm&:kdllgarﬁ(})r ah 18900A,
e second s[F [ tpe i de Sét;f]‘(‘)%‘ﬁ nlclf‘gﬂéggécq);‘t"g"rd g d above. e _
r’;‘a coul dctibﬂ( Qhe-16d Ll@dr&t@ ( Jayout of all circuit e ﬁe eﬂ)th)H%‘rcmtSt eDS In
nuf act Ut[th@f)atmz silicoh @ﬁra:tfoﬂ@xaﬁhletlﬁ)l’ es Figbrel 1% ihi@HXe ﬁp@@éﬂh&ﬂd&ﬂ)r t hi
deV| ce, ohfh é"f@efrﬁ‘%fcttisd%tf@ qontastiseiéade dian  wafehe second i nsul at | n | aydRo 57

and exposed 2% n‘;;{:ﬁe,l,‘:afcéé'rég_ t(f’% cs ‘ %EFOSS s ]ewar eas
except for a&t%o&ﬂ e o a@ Bl bk h&h S0P ,tm n wa m 1 and to
t he 65 respownhiiengpfiicgnt h@tesﬂw@tc(ﬁtﬁw willere- Widricdtitve of c}a:t ﬁtedQ:r regi on
60. The upﬁé?talmg jacent thereto to prevent the contact  cordance with this mventlon and 125

om shorting to the substrate. Contact to 4 Figures 18g- are enlarged cross-

1,124, 080

resistor is poss1ble by removing the pro- sectional views of a resistive element show-
tective coating from across the resistor at  ing the steps in providing a contact surface
any point. These same principles can of on the resisiive element in accordance with

65 course be used to make contacts to elements  this invention. 130



surface of the device 50 is thereby covered dicated in Figure 9. As
conpared to the with etchant fluid. Since the silicon oxide insulating
-exi-de—tayer—F6—whrch—was'purpose————tayers 58 and 61 are substanttrally
thinner fully fabricated to a thickness of 8000A, the t han either of
the oxide layers 56 and 57. thin silicon oxide | ayer 78 woul d be naturally
5 they will be selectively renoved at the open- formed to a thickness of
approximately 70 |ngs 53 and SQJ%M§@pect|vely, as |IIustrated
1500[-ef+t—to—3500terti- r—Frgure 7, —wrthout consequent 'y —cutting

A coat of Bh@uouesn@¢=mﬁum ¢§|weﬁmu &, the subspypt UQ éﬁ@bB6 and 57.
the upper $uffia Stff‘l‘edt‘hé‘“?l F?gE‘S PiYye dtﬁﬁgﬂ “;r‘““ Pg E&“‘” Pleither

Vd.l' ’Ch L)' ammo

al um num ?ﬁ})x;ﬁ?@ -ltf’ nlgle?e(#écn Wi Henﬂrtgx ofl fhe ofﬂiM@ﬁlm ﬁ vadl is ﬂx@ denum
and gol d s SreRdxihivefi@pOB hstle(ﬂe u@mhmhms em:mete«d fiom @k Ietcamedps te«melp)—t is f7m" t he
el ongat ed Vigvs are Oﬁprplepﬂes smeweefeﬂ entifg "@é E?U‘O"e!’h@ CINS “"“ ra

cor  espondR L) VS h@aﬁsﬂ PR LB T uon o+
phot ogr aphée Garatetf int it Qﬂt@@'o‘éty Afer t sOpasbvan din otherﬁﬁ&m ng and . ¢
et chi ng prmeemsusnsma{/eabeeﬁ matidwsiewnltahe emmredelm)ealsl B0vidth dnd3appegxe Wubj ected

al r eady de@RPMdbed o se lveI e mﬁm ﬂ{'plée"?f}%l&he AR, buffered
"E sol uti op 515 g [T e g e ABIEEST ™ 17 "Slampl o
V\hen the i fsiked werwuﬁahﬁgresem ink NQ Tﬂaemefx:p eanmmmommts 62 and

i s f Ebyentat, smiswmatheshlh px@antntm dand t lyeons dhee 'ntrlﬂswatﬂalehé g;ﬂv?fg ¥3 and

respec e sl epeningyith ‘f‘ﬁ.}“e‘f‘ Bt pEbes %‘; P Wi res
are then béin ﬁ% i mtlm BaQHEd0 WSS of 8 ik Bed mqﬁmﬁéeesdl ffusi on,
Ohmcls; acelmoaCdrSgeaﬁanluH £ tekaipted itd1 bEi egiploged? dbring ghbdefuesi onpu-t he

d| f f er en®eBy mettbmmkmexssc o mehes azeatmi mf @ﬁ“b%@@rwﬂ‘ |nop A Ffeezﬁ 85 8nd t he

tyyit on Ox
ex- two l 1on of f%lpglstlniesﬁtinb(ﬁ:@?(g% vb;fre“g pla ) g\‘?jl‘i len in d. ﬁgl(»up hode | ead
66. of trapping levels. This #RRY G tIBbvay Y Biton, t y@nmﬁ%)

Smal | geonmrhy Ye SO0 @ Eo0EdampleAn tinsalals | subwslentw dblserwldl ow for t he necessary

control poingdayer 1t snfopseedneyeiitha eptife - | 0 %ﬂ:ég’l fdcﬁgg i ned

over ' the s?&@ﬁa“@nﬁﬁ e, et M JE Gaior | bed

fd 9 Qﬁd W' .
with in 06 u]z{n la}/@rl}’caﬁﬂ& ma@ersmme:‘ot 8ﬂre lrd’oﬁ ?ﬁt’u@‘lﬁﬁteilﬂ lﬁl gs. 8 130 :
of the dravt s n d?udguve thigkrebssGS cma;o‘(be ahd ithid t@b@watﬁhepefms :

shows a 8the t an ““ter ‘““”p“" %0. As
S hent b My P LS AT B . A

view of Fig ieﬁu elytﬂ’eﬁé\&ﬂ Sb Qs tZOexpdSe Qﬁn‘plid smiuty am:dmi inlne tlexlpudsem us—urface of
the P-t gseelbwt!{d area Qﬁl‘t]ht I_ar'efampf thsqs - TEiRstg I%?ﬁef lif n““(‘) [£9i on
17, Lher& T MO BIPL Te BN R (e
Upper sur- jayff 'fueha{TRth sy d1fﬂ.§loh r&ncl Qo dQF lﬂE e 1mpurft3’a-@1€- of the
mat eri al 75ne dfhee GQ@dﬁle (Ragieered/Bade afarka spothmzmmrecalhdgoylc difigsionhdlzte iiss appl i ed
my be co l@tse@SlgmedaKME%o’nv’éﬁW Rl nomprly gty C{Em i 0"“ Eﬂi Pk gprfaes f fuses

into th& "iggrrjéﬁfng Aprredny Sﬁ%ﬁmv rje' B, véry, it silicon) oxi

rm icHBY in Figdt Q 7 to
form N-t yp%h&t&@dl@nﬁm $Huangd tBikness o ehef Orimadmpnnlstshmaaumg ‘a6@n®@fthiche

substrate pHhemaskrbabesion P tiei qpaquefpot- hethet bﬂllwnsqﬂdeomuldﬁ& byer Hewhith ve

sputteri n tlo’br’f Be, Woﬁ F%eio RRIETRES] yASy PPBONHY |ETOSEY, PREP 3 §Kyfo0 limit
5 R EE R RE R SRS e e

the donor i etrldto)am any fpoitioRe t'thd)pﬁbmthhﬁpkxﬁtgsshtﬂafsnorappibpxI\\Itmltlelly a As a

-,

result of tnsls leSfp&vsntoaPL@rh@Hy@xmkemgF*Gv e ess APprogin elb(/o 1|[ e g nsul ati ng
in nat urs E&:ﬁorpﬂg n o c:xpI ém 017?] %wg ﬁker:lesiyegf a E(g} ifse oxide
| ayer 76 ?1@ Sacbacon ,d,req ma egl o,ndt §[,80 Rl BAbeL twd @h&Mheicko as 40 A
strip 72 ofopidnehh‘aymhumassebemnhce\hyhr emwethyertlhe coI I ect or reg| on or .
| ayer, a | whot SIUMICOB ellpjlgt%res:%wq}tavégd gf e ;E)osl Eoupon % ﬁl}f«?f& 1]? nc} he sur-*

O,
whi ch Ser p é LL& ﬁ Trﬁa(g ndB 91 L.\pos alpfare céﬁtﬂ; s

mat eri al > red Yor@8t is tﬁé’n fehi evehrtgnsm&igaéd deA/L(ﬁ&spZ) ind 10 ‘hé K& mmnner
acconpl i she.ddevéjgpms,tshhmmsmposphhn sé?aa phite pholvessigt isthdn| deb@ﬂ d.canid dkad
i nt er medi atoé thetq’fé‘e insula opg- e‘dp%gb‘pg‘éd f}?”bleﬂ%l Enﬂ'élé etChbase

region 77 ﬂs ,bﬁeﬁ&mﬁnt iy '% 3 'ﬁ‘iﬂf‘é A5 bl 630 beih G i

Qulﬁﬂﬂtﬁdﬂyﬁhﬁl@nﬁla 135 N
di odes. aéeRicl Rmoveed afripedt [IhﬁloébSmt hi@e eititdnt etider RgHroin, 351310(.0111p1c&13r esult of

this phot Oﬁ hn}@lglan(dl atichi wgth, vbile I”&‘ye?{Lll ‘a\oiylfuﬁbm terpxBFedipg 0 a ﬂ“elF es as the
(s34 f s

process, @Ig P 1‘1? qﬁ%d ;‘Eﬁ% un(eé]x} éﬁ@lﬁ rgvd % m fﬁg)gda tlle for

i

the trangigt tQJ photor D&y, NARILEW: nse nd dlt al9bGE 130. Due
to the extrenely small areas Wldt and appr oxi mately 3 mls in length.

that may be obtai ned using the cross strip- 50 As a further step in the
manuf acture of the 1ing techniques as described to form the 115



smal| geonetry transistor, there is provided openings 81 and 83, it is

possible with the upon the upper surface of the sem conductor
stale-of-the-art at 1tS present Tevel to pro- material 75 and W thi n the
el ongated slot 72 duce very high frequency transistor devices a
predeterm ned anount of inpurity. wi th junctions having a functioning

area 55 Application of sufficient heat to the of approximately 0.01
sq. ml. During the 129 _yaterial 7514 he inpurity alloy results 3
N-type dlfrusmnthere WIII be consequentl inm a diiusion of _the

i npurity intoPERl: donyemaiisg n9 aéfw ﬁ? Fynee; d@tﬂﬁénvgﬁuoeh’tm of
intrinsic mat &AL Ao ostq}ea%o? e’é&" Sl {i&s&ﬂ?ﬁﬁ‘i’ per
surface of ces@ th@giiOprodiiced QE tnheome7s2ctﬁﬁ Wa&)/)plﬂic de cb.CIOY maly

| ayer 84 ands %20 @E%}l wrtﬂrar@@os?é e tubben  thiienbeodye nmi;lei imthmira&ferwmntscﬂéll 75.
of the enmittef r VoQuoeyaporalip SRR | |
hereafter be E{g} l%%éﬁg téyspéMi gg%%(é&h ug? de\rsﬁhdram ﬁoetﬁlmuﬁ& %} ologra {1:; to
as the base I’BQUQ)DSIM ThisyaperturOuay begastshials sElbutinely tlhﬁwwuﬁ‘kmaﬁxﬁu:@fmﬁth@
silichn oxi ol 2y @Pary in emrftwb any leyiged wjffom sbléstmbplivaeﬂu pmodwaédvham 75 78.

and | ess t han {‘ m%}h(iq,r cmrﬁj{fm o&éd?oﬁietfgh)%l@ e cb%‘g LPI um w v "L,ma mrnr
silicon so t hahbaaimeal of 0@ nattmngoté aye @% ni yi‘ed 54?‘% | ayer
78 is fornmed asl IHwere fdimed mmrmmmld@ lllayemo nmyert iﬂ&:nthbeunﬂlaﬁmg silicon. 8

1, 124, 08015 mWIP@ Q/éepfo lgngthy. oglthls ehRer dlpee is mrp‘oMI ovee disriique.

such as dip ehhHYL pmxﬁii%m%mqm ) Mg sy o

very thin silgon OXI ayer covering thepectivelyNes gmt;de@rmrfqg;r@a ngz and
the col |l ector Asppraxt stm fnatbe mafufichee efitiht t elre widgi afnibe di3Mgated stoeQi204nd 3B

thereby bePhi®! 5?%3@& fhode. an %d thﬂ mern}eHYa ey a3 plotegmphind8 5
sequent 1y LB L AR gk . (RS g
consequent |y eGuon araan z&fﬁa bmglempﬁ@e&saceapmm | @hid feodtites F3I1 Oand @It Mung

t hr ough the oRfl é!@ P rsgi96 20 rd predettl@meql velcqsxswde O?eelyleorso 76 imnldtiigBayarse

sel ecti vel y? )%{Eg‘%gp dE‘d y“' ;‘;OW“ ey Ho¥e t he
upper _surf aceree fon theo fobts l m{a;(]}'g\lﬁmé ) Ve b b@%ﬁﬁaﬁ r egi on
77. Al umi num mledurrm frelgiony reo am$ Gd) Gﬁtel ivetoy efacdieid usJaIDy €1ﬁcﬂiﬂe&(ﬁdel oidewirdst er 10
and gold is, h‘é?ﬁl ﬂ §’iﬂt7éd1 Ll‘po\ﬁll-!(mm P0s seg th I(bnls;ietl oyt h’elamfemohmn t he

emitter con® ?Erdcten i P f‘}?ksf@ﬂ&%“#"%ﬁc eggr cgﬁo?ﬁ“éﬁé’“%%%}m&{

sinilarly thenhase ﬁr@@lh(ﬁ)&ﬁ pbBYn BE the silkBh € rha\l' hode €0ASP redilt 50
expanded conwedﬁtlextrtlbgﬂetehesa Imask fodinbase c&amblacﬁnan%gnon 21 ofrtitigedCanthact s to

all ows for trah 4iffusion pfcthe don 'éﬁb’nla” Oft‘}he olsel 2apnda8.he dery o
ool 51 e B R BT %51[% B iy 1o

1]0
the | ayer 94 l'.k oinet I‘l@chh v& tﬁeoex e:@a“tla@- 8111 fredubttfes and (%Eer
t he coll ect or pcrsegf»tmﬁacegﬁ tbﬁhUWPollcryelSH) t r avigdling speedve pl an vi ew of | gur e

10 S L AL s e SR e qge
cross-stri p' ngldt,&g re%? lédése 1é'lsotop{llf?)w fopf n m és iil gcj’doer{%

hi gh power otation tahe et freqmehcy, BigMlspeed UREH 1208 ndly®A&huinN Dedpitd i Idavl?a(a{
t he previous ?ﬂﬁb‘éﬁ fevice- Puglta the e clylymall aiﬁaévreuspss |aldomg¢tmastteedl innsefl-gur es

13-15 a 20 i LEECEE: {r gém% fuedore- ooy elf ningg | maki ng
a small geone reymmeg hant fl f’gﬁf} Lg htalfDO\Aﬁﬁag elfwﬂ’?lﬂeéal% g%: ¥ gf%ﬁdr%ﬁﬁ s
e

frequency hi gtroppiekebr Coaﬂdléhhegshﬁ iofithe Br@tie  first jahd u&tlr;abvederbys wiératheVi ew of
Fi gure 11. s?%’{ %fho‘wg_() 8y Q‘E“"““ gm W tlisen s@eld jvorsgRre\toagded to anmemsrechmxgnal

e gﬁ&%l u‘éfﬁ Sg%%ﬁgﬂﬂﬁ‘m;ﬁ%?%h COoml @@P r‘ !5’71

view of Fi gk B
portign of thiispeabrdosely | dohtsdlrtaé IdQ@tié %f Fd 6dule, R e e nt

sem conduct oretﬁmgeqowaito ey rtmcun theRafeer devigs tyon Mhgbilites foPmeda Irt Jrudmoh ayer 95
there is pur Pgi 984 Sy ?ﬁﬁﬂ»ﬁ% H“’IS firqush) ‘5‘3/ thegys “‘”dﬁg e thatyt Ph‘éh@ﬂc@fr?ﬂljct i ng
ﬂeré) n

ere is there minum films bl n;
mat er i al egion | eRpab &t ‘(‘)Iﬁxé &t ﬁ‘ll eleaﬁ’rﬂc‘g?% ﬁa)[? ﬁ(ﬁ‘ L{tfm' 12()
upon a body 9c4bntaf:t hogwe flesd Stds\d hljb aatl | yond&)(cbldﬁvlce@ﬁlvth@ﬂ)rrﬁ oii
several t hOUS | lead to be connected to the cathode, saiuration currents, decreased gain, and ur
-type layer 30. The entire device then desirably low reverse breakdown characteris-
goes back through a photomasking process tics.
60 whereby the silicon oxide layer 13 is selec- To overcome these disadvantages the 125
tively etched and removed to form an open- ohmic contacts 3i and 32 may be fabricated
ing above the upper surface of the P-type from molybdenum and gold in the following
region 20. There is thereby provided a re- manner. A thin film of bolybdenum is first
gion whereby an expanded ohmic contact applied to the upper surfacc of the device i
'65 may be placed so as to allow an external shown in Figure 3. Then the molybdenum is 130




doped P-type sem conducting material. The angstrons. Using a photographic

maski ng Iayer 94 will provide better ohm c contact and etching
techniue,—there s cut—away 30 betweenm the Tayer 95 which SE€fves as the
from the layer 101 a strip of material so 95, collector region and
subsequent external as to expose the upper surface of the connecti ons.

In a manner described for the |ntr|1;|*§9 g material 100 within the elongated
previ oud’ errbodi rrents an OXI de | ayer g sl ot 102. ,As pointed out in

previ ous erbodici s afOOES BCLE AILY SLRL € RIS BiPs) et .
this el an#tc “1) :mrnrﬁ’iyﬂ;h@o@len@@ ﬂﬁ&l’cw goo o\ l%l ttl émgé E%\@ Eﬂet@@mmn 95.
Thereafteraway ASun arﬂlcdﬁhrl?as f ledvirgxpendahiecd Thtrien, g dxhiernaywﬂ is sd@tlmb'r thin

el ongat ed psttarn pf @ptacts. Eéh@'@t boy lthﬁl f 9‘&&’ foﬁt’@dslolh % Tef’f% fagerial 100
at  refmyédie e gemely “ﬁﬁ %@y § St s HACREStS ITQ

1all ve the yer 57
pr edet er mnsﬂ) Hﬁ a{ln alloyedal’ne&\ 1t9 sub-n e{h&blﬂi Aguefadlof ilﬁ&mﬁﬁkﬁ rﬁeﬁérﬁl’ ssar ea 95.
accept or |qmaraMytlﬁ%oas dbes ticmrcnipy heth-(nygbe apertOf¥ t 33i_ mithdwit scoaaeelantﬂmere s ~
di ffused azwlzmd?"yme In| eppisst AR tqysineEh t‘lt%?ghﬁ’éi ghicon g ozide Jenp i ppurity

% bﬁr C VEAUELS
(<]

to forml o %’iﬁﬂf e@"'e@% éﬁﬁ&w‘&ol Or G L el ol U o R bearog M n | ay®r

of 105 B6UG IR CuRtedo 81040, O #% arda erleaaf\mﬁh 1ihﬁ.fr&1!’c§’ @e eﬁlpbydd@ﬂnﬁp(l de 104
natural ly fﬁ(ﬂNbﬂ@LmlLlayengird; ﬂnpgsued att:@asals thelbmﬂlehel’:tm difase gpgratien l@mf Duri ng
the diffuaSbom §'§“§§d€g‘i$ ) EBH8) ele uﬁi(fspﬁ?@"’pr "Iff R EIhe gt has keon
oper at i dR, PRAIE A e B S Wy el it BT MRE 56 Gb e&lo

nat ur al | Yd%&m rhifighidedl] N Si |1 con OXI debel (ﬁ)&ﬁl‘aleal(ﬁyiﬁpim ﬁi&elyh)e)ﬂeqdakeer referred

to as the @sid8dg nAg the Plﬁﬁ@é%}‘engtt imilt he rr%gufaacq'glut aff urt her step in
. b

the man {)qu !l\? ub?r LTngfp liaiges re eneﬁ d’%{é%l?lﬂi y:l{t ?ﬁf gu;ny 85

Cross-s 'n&laéto bk 5_$ch edﬁwﬁ@sa Figh SHeOEse§i()$t1 ih Fi ?60@ ﬂh&@ dis- 132 and

134 are fardees bychensticploptvivgr et ¢stepsugmsv:dt ht;eml the Ulppdri swefadea rhebﬁl and upon

maski ng anrédtlstmzmu lmelfh I é\vﬁg H’ii?l 3P P‘Efﬁhﬁ tTe;g‘f 104 and
exposed _ji rs can ‘?ﬂ 6 t 90 except
for an §P 1‘1’5%&1@3@%& 1BQse Qr &ee&&hu&es{hﬁf eﬁp&etsweity to Wth

t he regi Oﬁnalt@ﬁl %hdexglmtce;dienwet:ﬁ@mne 1fiérm llieSP typetfpe@em Etlmtlbsrl& here [ 5...

£
t hen di ffu#@év "‘&se" roi"‘lé "sngl ® t ,umt ater %wﬂ é‘ftﬁiﬁ? B type
| mpur 1 Gl o o 8" PEACSRPLGS 10 a
fl eﬁ@a ee \wmﬂme& fofmas dlﬁBlOﬁlTproteesr therd o;hmrite nhunfaﬂser ed HF

sol ut i on. u'ﬁhrems sdrfacoef the subsig] techyseacllw bfet versh@ nelpier S® pf silicgn gride and  oxI de

| ayer 104 SWLFP“&?F sy ?P‘éabgée%’f"gﬁ % é;%w fgﬁe e‘t’"ﬁ *I"s produced
the awgy néﬂ Gt oﬂﬁﬁkaa SBODAT zﬁa@ewdﬂ Eeh manne‘?rﬁk titceliong@&e 1000 UNCL i ON
137. A “Vekycohdiicive it @htuect or | ayer 10351<WI5|4|wa§ ieremy flogedxpogdagated silicon

oxi de | ayerAfr| 1hebeldhdﬁm®§;qd§f:{f “ﬁg e S04l MWE; i@cﬂtsﬂ W‘%ﬁ“‘t‘h‘e areas 102
u

and Pt gnve(ﬁnfq 1gved ”:31 mejinﬁu esc I he openi ng
106. el J?&agt%e Jufffle @ the s Osufla ‘M)érhﬂnls sel elar}ehdwel 1:511@ in the
manuf act urrﬁue@fa} 60 Thizvemapby hmmﬁlsliﬁlbyan@ie 11&3 of the slot 64, thus exposingtthe pr esent
devi ce, tHby eamei momg@ﬁbé eyh ﬁ? Eg p oudised - upperaguriapge o dher ininglp, ngtagial

Rt Suntit e S5l BB e gevice
e |

BhOprBceds? there lidh rmearf ¢qhenlcm|1 emﬁpner Lite ghi Apetfilre .'m 110

pr edet er mtmedonqataasiok 3P4 @ppaaxgndicdy Prbanil t theree by éﬁn @heredmm of donor
mur L, Rk bt ) w@%;’“ crema% ssiadermiliy “app i ed
wher eby t% BT B Stk Gy of G MO thik S o WaiOg any

']

conven- g;t EQJ reﬁ$ ipote@ Gudte b thetio- ftayemoathh twipenipBikly mask Ihe ex 115
1, 124, 080 trincis seniconductor region 55. The insulat-  posed surface of lngN type

i 5 f t t is to.b k‘ gfee
ner eaf Ler LR S0 BATE RS hout S SRR SRR «he
acceptor cm@%ﬁﬁm 8 er HeGhBINg s td B Ulidier@ netum \Sidlof EdShiBRsic kypBs I ty was
deposi t e gr@keduprdesdibel eay tb"e enamtaqurmceafsveert the PeypeSegigal lnmtﬂ drer?édlpalzihl n

sil i con g;cma the & ond g ngreephdlo @hgdﬁggqgg % 111
V\'hl Ch Conm;s |§F]gtsmg fCihgj (ﬁftl én £yybe thﬂﬂl ﬁOXI

first silicon oxide layer 56 is of a thlckness t e use of the photographu. masking
60 of 8000A, the second silicon oxide layer 57 techniques outlined above. 125
could be of a thickness of 2000A. As the final steps in the manufacture of
A coat of photoresist is then deposited on this device, ohmic contacts are provided so
the second insulating layer 57 and exposed as to allow external leads to be connected
in all areas except for an elongated area cor- to the ariode, or P-type region 51 and to the
65 responding to the slot 54. Then when the cathode, or N-type region 60. The upper 130



5 the upper surface of the base | ayer 108. mately 0.05 sqg. ml.

Consequently, the 70 Internedi ate the base region 108 and the operating
area of the emtier-base junctron colTector region 103 there is
provided a 116 would still be,extrenmely small, allow ng junction 109

which w1l serve as the for operation of the transistor 110 in the
col | ector-base junction of the transi Stl%oéae hi gh-frequency range. 10
vi ce 110. As the final steps in the

manufacture ok, dSof the devids 58 if HELBPLovELEP 4lh) A agture of &
transi stor 11@ih pl‘c}(ﬁﬁnoglfinaahin&lUﬁsﬁltc%go;mde If%}ff} V»&Fg’gﬁyé}%%aﬁﬁm f%im _Figure
14. a coat akprept hnch mlstmsl qualy alfisieut illly Zesicitel ®XDMEBEness of (xf)()()phg&or esi st

i s deposit ed, {IpbRiteh de 19 r5’surﬁlfa€@00f7klﬂﬂe}eeﬁ8 waudt be rgsadly and
n & will be sel ﬁ(s

surface of t % el@ AfSpd % It%ggngp‘df“ﬁ?e% apRsotmaely JHni
contdcts may ih ngmai |w1ﬂﬁﬁtt wnshaueaxp&p&mgn t Qof &phbibesist HRMepos gp%posu t ed
upon the expoé’ed'glalt'@aisscfso% an§%7. © plicati dr Wwhert afa@tot faNdilich uxﬁ Mhidr |

r esul g in .5 Q‘Pj‘% "é( fﬂfﬁx WH'@E‘P 099233%% ei% and ghe [insuleting oxide slayee 761 andl

et chi®ng away OO RS 60, MR 1 &%Sﬁf perder ?ﬁé‘%%ﬁa 5 stor
| ayer 11 so &s wvﬁuegzmom thh:egkupmerogﬁplmcf a ot@es i Ls&‘n 554

etchant fl ui dmdbk'“" d ft ﬁls 9I°ﬁ 1011@86 atthctdxpoabmhfeassm:inuosl ot sﬁﬂj&ted Sl nce

the oxide | psy O?Qt HFtﬁl?bltle‘l gat ed
e Um0k G0 RAT €ANYY j’gn’ﬂ s,hco sé; 0

slot 14 is sm $]tc6ell Ana
thereby formed: Ut ok 1825 ISR biet 59, reqieheelymldeniaﬁﬁﬁr Eha ns)t[ua forni isShPossi bl e

section of t h\ﬁir% agyy them bally dedtlﬁéh ¢and9;f02haf~r (£s) danmzt the| P-type sdiftsiofi mg st ep

So as to co mie S a re’{ CE dif djffer Ly lh1
t hr ough the£ij gihnérli%%el . 669X?g%11$e the }'H?‘ym é& @bﬁ%& ?;%m% 85

deposi ted thém@mgtctnwryrs iconriched tmmslmwt uﬂolmqﬂﬁnh yiec%arﬁl €0l 5&,@uent y
di ffused int o e 38 e ety &ﬁc’é’{q eg t“. mghizimg nylgntﬂhesa@ortdeptch:aa/
90 108 tg ﬂ%ﬁfemeek) xg‘i ﬁbotl lzi xs.uPl] gﬁéft f be [Yﬁ b@ﬂagw Hrg e
etching are  § RiRfvs eMchematit ecfpevlé»e I (@$- t B GhlidL ef | a & P o

pl oygd so as sigorchit As fimowgtbetsire nomedaubrayer\&nhm tHersrraurwfmlsmaﬂrsera,ndthere
5 2ot pr oo L AR SRS @MWWP%W thin
silicon 0X|ﬁﬁla§e@yl &leo ;;(l el QoW ringy 'ﬂ up eurco ie;%‘if]?f F}iyﬁlgx 30
pletely cov er fategoit the mappar’ssukd R 19k:r td e loyo eatCQﬁ

fabri'cated omaQse Lﬂﬂemse@t of 4na envehliGhahs whhrblusttheatxmplumy\ Eifgey én 4thc

al uni num or aﬂm@m i 1% h:*tfé&??’ é‘iﬁ E%?;F% o 1‘
there i s pra-by QXRMR epmeqr,,e, edahegl QQ%] \, Tve as a {‘qﬁtpt i on
116, which seueamsluas mhe)xndpdaed 76 agiuldnBe a@da@a mwlcrnea 184 Qo ity.

emtter-bas esg f( DA, thu,kness of dpproxxmatelx Asa rctsdl théls diﬁmum tbqqtsamtvgietﬂ o form

the emitter Aﬂep\ggg%g “‘ é%%gedp Lgéﬁqm fgl% 77I§8d“‘120 t he
base |ead 1@l w350 bite G, ne!\l vaot g’ m%'cﬁ%n i gﬁr GfSukdae, o5 anpat ed
slot |lector dosath ex]zé.\é aaslongatedlsteuatmdsum wh,hle s@tledns the dd tdnsDase AR@oRXI mat | y

five tinmes asf“el‘ agém sic RH‘%’WI TF'F ay ke 1%r thertranpjgiorsdemice Hadmbke manner, t he

wi dth of the gl nuf‘;@esglf i ng’ﬁ ",’}"Yf%e"gé‘%?f@qmg the

enbodi nent ,4sature of eh@asm ]EP Nfan'( IBEI \S bi0des.JAL heéyeakt Qo QS\M tter FEBA %)ﬁ ijxp of
el ongat ed sl ot seswhf [ikis mheze@r@bhtmar@if etGhidg nmpd hrdnea wndtOh 8@fwitidhesestots hO5 wi | |

be upon a siBReR: WaEes o tend °'§i;r8§?‘ e Pty “nC“‘ab?Fﬁ"g? Pnafr s5top. 5 i | .

e due
b 1
produced emi§@la a%ﬁl%%ﬁlsatgdmavmll el llmlgti'l gu:tcmay tgirt\llgl ss s aw dth

will all owsotAea ftﬂthmmixﬁdhetmgﬂfahIQfe dfMhcd BENMARAIg u@n dﬁ&ﬂﬁ@rto form Phaging of
t he el ongat ed@ﬁgyﬂ %011'2 tWFﬂtl%rfnllgFlhes prtltgigged r efs‘lrwln%stgﬁt alxdteiiﬁ% ges pbsaiblie th hhe

char ac- i CUTHEY S| Bile-qpgeahyt | £ rvg}{ gh
frequency hi gh’ﬁ rmﬂﬂﬁ éﬁj;f ﬁlo »xotgefijn%l ?foe Skiciidh i gfeéueélﬁ rms Y ?Vhﬁilt hi gh
gai n. 55 Appllcatlon of sufficient hcat to mn of a ﬂlemate]pr eB@dﬂtmngﬂmngthémﬂHm e
task of r esoI”Eﬁ“T 75 and E{E’f 1“§’l'p‘ryefﬂé¥ rf%dhst ol\d‘s"é diffpsion N?F%W#altee@m&nuenﬂy As a

result, the epfiTabct SLHE it Odu fav {[hg ‘%}%}J Jhe: I‘q{rs’% ‘%’;f”zu g‘g",et as the

initial sub- a regd»h drup&tlorah D Ve Mysu Gibitd, ¥Elay aﬁdi erShrfadd € i N
nost of t h@oabtbvel'@eml tie thtrawsie matertdhdli tof ttxdflemaexdleyeofss t Thés eIle;ct BO lisayer

as bodi nent sg“: g‘° e lonf‘;ﬁzéy‘er n ﬁﬁ E&fmtehéh P{lﬁ%é‘;ﬁ% et

enbodi nent dQﬁfﬁ{sb ﬁx%re vﬁlg@@-nér%dl éd d ﬁhﬁhg i éﬁy x:h %nﬁss and s
i | lustrated imidkiicpustethe Sukate STIo0HS &0 thaSle’a()f G RRkdngNeRr Wt hi N the devi ces.
quent |y, t 98 thik dilionoexideHlavehd8 és forpddom ibe- The thidrmidaelayef et mee thep be139ot ed

is the orienta- tween the collector and enmtter being tion of the
el ongated slots forned by the controlled by a diffusion operation rather
phot ogr aphi ¢ maski ng and et ching 55 than a phot ographi c techni que

requiring a techniques described. Although it is to be 120



hi gh degree of resolution, nmay be narrower pointed out that when the

el ongated slots than that achieved using the surface-oriented are
piaced perpendi cular to each~other —method:” The Tesuttant transistor—
device 110. the resulting apertures forned at the inter- t her ef ore,

wi || have a higher gain than that section of the siot will be of a minimum
60 produced by the surface-oriented nethod. area. the intersection of
the slot8 at oblique 125 It is!i%&¥i zed, of couyrse, that the small

angl MWWWMWGWWWre 13
(into whi clmoredr bs amhi edtvearienaiwepchnidies | rieeh! asvtinifyce euchr omiip eidhing, donor
mour Ly v SRASTINE S LS oL RUSIOAL R (2 sl
fused to fQLah d616ndRAGEbERDIR khd S5 wOSPTR! fpbrtude ST bedN33

subsequerst dejuentlyo ushe Sphofogaphi arﬂz?ekmar eayt hanremhedsmhbucopemqugmjm -
f abri cat edand etching process, a portion of pro cutting {tyough thv oxidgQlayers 96 and .

tecme oxi ers.76 7R are v d ont

1724, b5, e oy BT by o 10 B dfis vl o HaBtipdipat erns

can be usebisé H:Uifoﬁﬁm Apmidie or mbietded.of 05cHRECEk to bohnE@WAECIdi@R W th

transi stwr @dt&@m la?f%n Qel:@»namdpmhge méft ra@@n» toatthe ra:gg | e emfieet ho; Mnvention

Wien usi ngf ter ﬁg 0 33?0”? t WS B “310 35 ve resi st
ective 1c, orm d e

t he eXposenﬁx LL(%!&Q(DI()Od 10\t; exl@i@rﬁ )IMO\O f’lﬁll le‘g'ﬁﬁél etﬁl b OattQ tge t he

mat eri al i18adpol, et editandad B2 Ame@(pose coafatls Gn€ ARéclg s tt&nldyelr ®ads an

thus conts 1?@41 bds am Pop b%attdem;ived"tb déieettgp tercollctyr fragiom9s sigivatie Ph

crreut” b oo, | (RN olee 1

etched. dij Hﬁlﬁ[}ex l@.mm @&ioAleal is to be

under st oodthé hatvieus postiodimeais t alsnarmhysbﬂce 1Ihla'e bedihmatqdues mmsnm 15part tive
resi st cuptiize ledorgpa (REEH, ofj sfpnygiide a ’e‘hOQ)EOTl’gﬁé‘ sspmetyyHueh: &&hni ques
are ot di| u?g%é*d t@@&ﬁgﬁgﬁm ki U d d‘:ecgng SEtl,in detai
herein. ke Goh R Siedd & Fifure 12 mem\é By 1He N o i GnetHd Ubpéina | n such
dr awn ou2té Ewﬁn r?d')pm»rmato’nllluwdbmagégagmdde pdytof mtmarccameondndm nraa%rmbmﬂsl ot in

t he resi t“ cBens. Bt aidl =" 1" A ‘tl Yioaf, oxce d by
l'ight or 6@ Q04 d&h]obeﬂéﬁrtmtv ﬁﬁv&ur @‘u m\%ﬁ ngigi W@et'giﬂ hgkep

and t he prdm@&isEL@arsem:ecdmwmg astepale Vhousd 'orrE’- Using asphdmg@aph@uﬂn&skrngte 260 an
N-type JGJ@S(%IVBE' rovide better ohmic contact and etching “techniue, thgrp SYE way @ger 270

sene as the erial .so
and a SI Eg torb)ElI yqr uent sexteng eﬁrﬂ&@exéﬁ@ 11(5 Bﬁwrg‘&gﬁ gxta] Wil be
280. The fdol’n&%tm’ixk caomarsw &ScrbedTed¢ ke | St -materiah 00 GitkiRake Elbm@un i's shown
a dual i nputvxoUE mnrbedimvm cdn ex@&atlaafsr ?t‘healotp@hlAsqmlmddroougrprewougamwdm rcuit in

whi ch t 2f sHisen °’§“1‘EE’2 ?‘ i F%{}fé'ted 218p pe %Sl”i‘é”ﬂ‘t’flgdjm on
S o B s R d TLAHE ol B o s e T
regi on 25(}em2\fad %Bwemndtoté&@oseamtmlt,acaﬂmhkSsuanmui [dd et mmﬁad drhcanlogure 18b

t he isol atqrfr?pfphq %plecmé e}ir areatfe  eafrtqr %ﬁgy lsowe o form m(%-ﬁm 240. The
base | 5,4 g“ o ‘J"‘f&i § Al i P%E‘*é ?&eg%@méﬁ
connect ed grbtuei J’h r}Qngiﬂe[ J@len t VilAn QRO mxﬁlurzil@)f&l‘ns thi

series- cormeetledonee@r hatsc)uuslct[oar D]lrutaohct h @iffusgiex prmessgsotdrsetotcmamstﬁlstoom col | ector
regi ons 23%tee 4)%‘1‘30& gpe %‘ﬁ 1 ol l’%;c ?‘27“PPEIEh e &ggf typ Orf‘tglqleﬂ?!l Silicon
oxi de i SysfBhIRY Pbrt & iea i Oe dRrdcbaAnSL SL 0, 240 hSimo by ‘Sonbess ed

openi ngs Id'ltﬁehﬁes&it e\e@na Qﬁbsdl%c o&‘)&ﬁtpes?89arai’~lﬂr Q0coat oft ghotokesistCio a¥pdste@Oi Nt Of
resi stors I32pid hﬂdﬂfe far"s?é ppfograyc oxpade the eirenjeding flwerrsiob fh-upon [erer]

and the ba;s;?k'éi? “51 ﬁg@ d@t’?j Whgcﬁgfaws th i} ‘§° m‘?fqglh& E "S?igﬁ gm de Iayer
280 10T 50 apOIRC ] hd CONNGBIREI, Ve (OIhk Geidar 109Ts 4 ted dkd 1013i0n of

t he transitisorapbase regi onshen dlﬁl’-‘%ﬁhs?l s pﬂﬂﬂcsxst is then developed and the -

and the re%ﬂ’gﬂ rigy] ﬁ%m the layars 135 am} o ppaseq areay |H{;§‘i p@“‘ﬁ‘hﬁl esu F%m of

. er 1e g.rre fo" as the emxtler el n{, buffere ion
In Figure Gnsaln B Weld %"@r 315 1ayeﬁ1 rdrdjl ré ina
sen condy4Cihdbase dicki Bru%dhér rxolpgiﬂudehlehrSI WdyOkhdOKé @pdr&ylezfce 280he P-typafigy W the

seni - conduatitar-bessf &metgn LRl At Nery gy m:Q’q terhleyeP-193/ pal mptah'sb@@mm%ase

silicon oxide layer will be formed durmu the e intersection of the areas 102 and
P-type diffusion covering the upper surfaces IOw within the opening 106.
of the emitter regions 135 and 136 within As another step in the manufacture of

60 the apertures 131 and 133. the present device, there is disposed into 125

As the next steps in the manufacture of the opening 106 and upon the upper surface
this device the thin elongated slots 138, 140  of the collector region 103 a predetermined
and 142 are formed, thereby exposing the amount of donor impurity, and heat is
base region within the openings 139, 141 applied whereby the impurity diffuses into

65 and 143 respectively. Using any conven- the collector region 103 to form an N-type 130
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