PATENT SPECI FI CATI ON (i) 1243 247
DRAW NGS ATTACHED d4 (21) Application No. 52979/68 (22) Filed 8 Nov.

1968 (31) Convention Applicatign No 715 462 (32) Filed 4 March 1968
T, (33) United States of Anerica (US) O (45) Conpl ete Specifitation
publ i shed 18 Aug. 1971 - (51) International Cassification HO01 1 1/14

19/ 00 (52) Index at acceptance H K 213 217 312 353 354 415

417 41Y 422 424 42 459 46 491 507
511 520 52Y | f’ATENT SPEﬂEiﬁ&%[éﬁ sy sl iﬁéé& 581 583
611 615 616 $18 61Y 65ODRAWING§§ tors JAVES ALAN CLidssicl
and CLYDE RHSX FULLER CONTACT AND EL €%
:DEN\T/FCESN E@H u‘éX&]{E\M 52979 68 gzz Fﬂed 8 Nov. 1%;;;\* o Ve

31 C A Y48
devi ces ( olt egfﬁggeif D a Corporatlon c;lrlg ‘
necessa i ﬁﬂﬁ&eh‘i‘é’ﬁh Qb7 to the | ayn

Del awar & forgnect i ons wi th y
H algl&%tdn %Llnlée P bAet ween t he

St at es of ntral- electrical A
at the

various | eve §§y5agj3 QQ'J@S'V I8Xas 4i,inz,fﬁed St at e

Ccrossover ,poi nt s 458 a9 atd £17l & l490 491 503 %I 0A@.52d0 hereby declare the
i-fvention, true, whe$f0 JIPoIBYas48i $19DS6Y 562 58F 58em - for which we
prly that a patent néh} 6 6166kt 67 materi al , a plurality of separate.
‘r nt ed to ,Invaentgrs Aﬂgﬁ | yt circuits are formed and it

ones nece sal ¥ tRHth pertormed, to be particularly des- to
| nt er connect the CI Fcul or cooperat ive 10 .cribed in and by the foll ow ng

statenment: -(54) @HMICICONTACD ANTE EDRETRICAID IRTERCONNECTION SYSTEM -~ The

i nvention relates to sem combrc EDECTRONKRS DEVICESlevi ces particularly of the
sem conduct or in- I n integrat ed circuits and particularly LSI

tegrated cij r('@Qu t "Eﬁzpor H‘STWM *FQBVl §$P9<ha“dfm E@I Fl%@ss vih & becgme three or

mor e | evel b Sl P '“’i‘l S8
terconnectsaessmﬁem of S3506 A ﬁohmaw thenanaatl nsal to form
mul ti -1 e¥eExmesway, Dﬂlas,dremt UmmaIStamsmﬂuet the sroswm pamtss Tihisdy partaufaly t act

and interc idﬁﬁl qu%% ﬂteolﬁ"egﬂ‘glh g?% g [t 208

% ch we p t a patent ma E&Eﬁ ?ﬁ used for
the to us and he method by h1ch it circuits a e ormed %gd e%§ (as
t of t hg tf)IHeSﬁerfEﬁ\é to be partlcul P dés C it @it éon irfcwits 68 Edopetheiveat ur-  of

P
a §wo | éfepribegdn ml&rtue fotlo sttat@flent he fagtiog tto @@®duce on¢ zlatnpr@nnrmeUt!;een

refl ected I ﬁfg““‘ f el system
4 t 1 oni Cstﬁ% };@‘g’ ﬁesm d3§°“ %ﬁﬁﬁ%ﬁe f%uét%éngﬁ%ﬁg I%Yausf of two

f tndament ahlternate layel"kt o O] aﬂnscnnﬂ elu:th&l amdlconpaction @ﬂahsearé mdgeigedathe beeasons.

ti on deVpcsulgting) ateﬂah@r@ ot oo tyef@ieaﬂcal IU'PltdQQtOfS syeh 28 Blvek feiss of t he
i nt erconne ;%:ﬁ’ ?‘mmaeet“r'\/ tﬁ‘ﬁ’ﬁ/f%’r ‘1;5 gﬁ&? g%zsﬁl:gm Mméfrg% shoul d
be at a m NITHMckasel RdhaddAoE inRkbmidifar- b smpaar& R firdl 0 6@

substr at es izafion hagibeen Madm!tm thg field & elec- c and lseomh tzelsedf o\tiee jevel spfem,

seni condd t‘@é‘ tggﬁ'E“e‘#’f i?{':‘tcﬁ’és dor ng'éhé?calrse oo i fendemental wher e
circui anﬂ La e

i NOr gani ¢ tion de e&s fﬁpa Loty 10 re'%"r‘“isérméoaicmssl RS mtercohtHloAl | NG

| ayers ar eaetivphmy asmehctﬁ&om onents are aneeé @t aiminimupaso thattantinnyabher to

provi de rre@r @i PliecqsIMesK | 'd’élfa @R@rﬁﬂs fage aPPhed Qert-or nor e

desi red 2é| Fﬁm"f’c‘?" geﬂat?ﬁg‘ Hgé% '?"% °di23"| cult is

the 70 corf® Q. paﬁiaul vﬁib Ghhlttere ckérQEekm

deposi t i ng osmoi meml datited giréudtyfon cu 5. Jr nomtekdnhérkion - tsy maxy dlfﬁwte 1athnuﬂber of

hi gh perf eé’fai e%ttegtat crrf:whee' F’i‘ef %ﬁdof depos-ta’é ?‘\/é‘s‘é%ﬁ‘ﬂlg
co Onentsac ?a%ls)f pon la t/}errtlﬁ ld 0U|d be
si.bt ors andistoRSart ekistors) Eorimedl useu&mwcﬁ@ ﬂlmméulgreﬂﬁﬁﬁetﬂ an t he
untler | yi ng bensathone suﬁacelmnamrtfa@wéasuh-f ditre thjckness)| lmprdtra@eobtﬁn - 76l m

hi ck F“ m‘lr syl lat crossover d
i errar® ét‘% B s SEe e,

i ng Iayer tqpenndctig heakfidus aipon lﬁ)getheteéﬂthimgsmlesmmreeases

pr obl ens sa@w §f the traﬂﬂtﬁ?f IﬂF efII‘Cﬁ rmt- i nsul in
cracki ngy &F; ﬁ‘a@ﬁ;ﬁg tldg shoul i‘é,é% tﬁé“?rem stors
6 i

and the varah@usco sk yesvmaegrdf&ﬁ&t resiss I egi ons
of the trambskitt oqfs then merdrwcmerd mnems. rtemk@db\yas 0.01 ohms/square are needed,

80 tern {Mricogh holes in. the insulating layer. Secondly, the netal
i.nterconnection thick- 40 Wth increasing circuit conplexity, however,
ness should be at a maxi numto provide and a correspondi ng i ncrease in
the com | ow sheet resistivity. Values of sheet resis- plexity of
the interconnection patterns, tivity as |low as 0.01 ohns/square are needed

w@’




2 1 , 243, 247

2 in some logic circuits. Attenpts to use a resulting in the formation
of insol ubl e-al u- single nmetal other than the high conductivity nminum
~oxi.de.- - -~ - 65 metals, such as gold and al um num for ex-
Anot her relevant property of the high con- anple, on logic integrated

circuits and on ductivity netals, just nentioned, is the 5 LSI devices

have generill | y been abandoned acti vaée‘g’;@znergy of self diffusi on,
accordi ng because the thickness n ry to obtain* to’the f ol | of ng
fornul a: i Qbive 1oy GBER!I Afdp&t lovist ¥ Seulihe @l the h&tnatlhﬁof insoludbjAlank

i nt er connect |smale|n5 otbmﬂmntth%lbkwcmmfcmwulmmumox1d err ggﬂo 65 to
etch into a om upper
Cbont s anc's g S MRS i o i T

resistivity deassenthe thickres tiebes@airy ¢ eb Vab th&(ﬂd‘llowmgfo@nﬁlaﬁCt I vat | on nergy of

sel f di ffu5| cY low shsep sesisty s uch as contacts 19, mesa

kcal / nol e ?m ik rmgr‘%ﬁ& transi stor@Hee*™ A = f requgﬂcy
factor in mrr[cgrtﬁ; ﬁﬁqevg]%ﬁ@@t@ pasg: t hrough the netal film D =

di ff usi-on coeb feasily eglbminate. ’Elelﬁroltlemibﬂsheet 75 ~rather than along the netal
film The re-esistivity dogg ’-‘ﬁ eyol agp- Q=3 pati ee—nmwet sffediffusion

per pendi cul arfSEnf BUAT suchas oot < eal / mylekl ctor nt, pin metal films
regardl eSSISOfcalhsE Sulfr @ty patss turdugh the detal ﬁlﬁrrpeD&t: Wi ldn mﬁé r self diffa- 75 3
negl i gi bl e duetherothan glopy trecmetal mnﬁ"ésse ZOSIthmJI:mfme IE)OI nted out that i

bi pol ar sili élﬁ ed 'ﬂgiol I integrat ed ¥
circuits and Eé]%%ﬁy%%‘% iR ex Qﬁ\eﬂlm i ih sg\ggh %%l ¢ 1f‘yf)(e are particularly
sensi - CoMpatould be pomtt& duct ahat iipolar silicon whidhGresults intthefolldwingt raskidgesi St i vity

of the int er%ﬁm@@t cigny pe Aa paﬂe"lceslyogentge . 44 kcal / nol e metal since such
devi ces oper gi& fﬁ: ty i A m‘tﬁnnm(m SaEbg2 keal Z}I'E& %}’g tivel®§ high
currents. metal since such devices operate at rela- Al UM Goln ... ... 34p oldD! e

Qbvi ousl y Zﬂtesdyb!sbcdrwndarrent a rec uire- Aleninsmar.e Bahk@tfpmtcl bI e unI ess

very hi gh con- Obvious 4 TéI“ ne '
i nt er connect |§§t aremcom ati u%ﬂ aafef:' _ (:Jﬂrhfgﬁa% \{étlggyar eﬁ &é:ﬁltl; 85

possibility i, a soluttohus theaprsbié:mtlemnlstm tdi@ nfetad tineod et dadin, tricdlly opddfl @

met al cont #ctthey @o?ﬁ eprdyetivit n %ﬂltmnn@@nmomr n@t)lmghmltl vity

netal s, such as ?‘E ﬁ er§‘tt| pe € ﬂ“relsbcf%edsl I ver
meno (ﬂl

copper, gold tﬁ@ @m num ¥ or nt enst'eﬁthﬁﬁtced a8y triltdforf) ﬂlefgid b€ %S

bel i eved exarrpl e, which have t he fol |whidbndy amsexirhdtaly -invetsely ftopop! at ed to

a phenomnen t eIS cur . 16 x (E§9é¥“ 20[ etionyl(to the activation energy of the metal
rent - i nduc%Sn anSpor é67>< Of (;g ct concerned Of the above-mentioned

s, copper_js thus the best metal to
which is appr OXIAIli&ﬁ@hi}/ I nVBE%GlQ,?’“ pFoﬁpOI’ - from a high cﬁiﬁt\kﬁﬁi}vpomt amdalummﬂm6 1.4

10-[err]- t|onaI to the actj.v t cthe worst faafalumremandtu&Bfor

ld 1 it dav |
Copper g {15\" e s ? y E'é!‘le‘é‘F 'tjﬁq fses.
above- ”Ent JI(P laosn sxl?co?xp%x ahmh is commy ose %ﬁfﬁ; Copper

I S thus the he&toniteglatedl mrmte such: metals umldhum metallurglcall st bOuge@r 10p- cmM
froma hi gh (hgrcp@;qlpre@ Prvy e, Lmqm%lurgmal stable bimetal ﬁlm system

the worst. Qb“?@ Fh"i‘u?%‘sef°§mn?§?%’ﬂ§%ld Q ;%sazag“f vg%é« <19 pepmetaligy per
and gol d exf \Amgmmdﬁuamermethl eharcugt)ru jo GEtBiperatures
adhesi on t o &goldriopighlptieirableshebaatd of dts quswr S(f anyBIancemMaeabbe Ve anrmmceo f05] ow

sheet resis- Pigpest 9 ?”é‘ CeN\HRTR4§SS] LempRIRiAS VaE‘P‘V lIeg' SO
severe, only gib 3%%?35 ﬁ%@ﬁm{‘gﬂg ?)g(:fﬁ:é %ﬁ?t%? %i such

met al s canso fighly Batdadulvu b beRtprbblensst tﬂs @i lto ebl%y’? terdiBfikion, a s i
consi der ed onifyoxdation, Usaitdng and o¥ nificameinerbdse) i teaaiwtssb@bdsas tohenHPal

filmsystem O %ﬁ%@%"@ °"%°I‘Z%g ’f"ftt Sl Zfé{?&fms oot tfé“s%@; as one '
in which no. ' h conta@k ake di swellm peeling, blisterin '“"_
conpounds eartoi)ﬁivm wifle ytajimberrtwm@ld S:lybn dm subtlE@he enahsugh asmiéndatm VI ty

met al | ayer, wdmtﬁ"@ @irj ag oo W@P@me@g&éﬂe tures

nighl y desi SRR I%Ii}ufnf“s i ( ety 8 bove al
devi ce 105:- tHeFmddydathidallyd inal m§ xhéwmrg"@w %ﬁaﬁQCvﬂth ik fighS
t enper at ur 6&. stahle wahlsﬂizgn ofnd h:en:haractensmmndmﬁvxwmdmltm hacﬂ:leleotetlmdif-

w2

conduct i vi t y. whithe Famgeeyir 240 rsala pper,
STher. o A e Mra S Ao iy S R Gl o
hi ghly conductive, present prob ens neta mx toget her by 1 nterdiffusion,

a sig- of oxidation, staining and even chem cal nificant increase in
resistivity occurs as the 110 attack during the etching of the
feed-through nore conductive netal beconmes contam holes in the

insulating layers. Thus, low inated. O her deleterious effects include.
such re5|stance feed through contacts are dlfflcult thlngs as smelllng,

-, p—p— ., N . o



3 1, 243, 247 common
use today for interconnections is separated by interposed insulating

| ayers hav- mol ybdenum as nore fully described in ing
aperiur gs—t-e+etr—ttmrougn whi ch ad- United States Patent No.
3,290,570. Mdlyb- jacent |layers of interconnections nmake con-

denum wth gold, fornms a good intercon- tact with each other, in which

t he | ower nost nection system for use with integrated Bevel of

i nt ergonnections is di sposed on tRE3ZAH : _Ci rm"l* S

said .l..r..s-t-\+-ne-u+a&n n er g R efe g&e@@t ﬁterposed insulating ayers wever, there
is a protone |‘ﬁﬁé?dé %0 °r nneg%ﬁé of mgemerte;ds dezein JRrop onduc-

the mol PERNATHE: o rﬂ@ %demMolybnt iseent atY‘EfF° e n r1 osBpertures in
t he firSHenu; with gold, forms a gopd fniereqn & 'tlt é ﬂ&ﬂoﬂgsgdlspusedm:t fre ¢On-

sul at i Bgndetigrersystesndfor nusinPith ke GHp @aﬁmsst msulatlng layer ﬁ}%ﬂf cof“i‘gﬁzél silicon

oxi de i nSEUHY | ng, L anes Jgslem infvedt inf regione ot desied s, a layer 75
tween | e EIlos‘;"nev bdihﬂl:{\%ma%lﬂ%nmumsmﬂf hé° ﬁ%ﬁ cﬁ'@lmpéﬂﬂpstof tungst en

over | ai d citjhection system when usqdo er bi ,1&&&nﬁwld3 inclyds: vefl ITow  a

| ayer 19f vintighpdsili g;lc@;}l gll 1es conSlStlng mainly of [HBBFienC B‘ftfﬂ%‘ tPons to be
made bet {EEH l‘fvﬁgh Slicon l0id8 1387 tol allokara LIS P\ﬁﬁﬁtwndjﬁﬁ’ { Bdbabiatiag Of

i ntercon rif}rhd daﬁhef:tiiiﬂdtotlﬂ rﬂada/bctWeblele elsh oy In a‘f’ ﬁBof it &Exﬁxe& ns| atﬁrstdemhe%t i ons,
#irst | evdlinterconnection t %}J e ﬁte Snection€is; dldp ndbe

i nter cdﬁrmfe@i | & eﬁ%hﬂ fﬁ’gﬁg th% bee finsmmsoayer anglrls oelmnc éﬁaﬁﬁ‘;ﬂé om Of t he

hol e kid§ of el gole, reul B Feﬁ et gk |y attached
o) the ova{u agltof“bélhbotsmﬂesbeve tah%"nh E? orfsegtv@as dsfrett prescircui t

el enent s tl*“"ml@*‘“e"mn fr‘;ﬁ}fgci metal 1 bl Gout Iplsment) o S956F cﬁ.@ﬁé a con-
aper t urfsng oL 3 ;Eg b \SE uf mgndwmyenercqynqs @Swna;’;gﬁa& ba;ya metal lajdrNUOUS
connect i oﬁl rédﬂj Apbied by itht laole Brdif- hj’rrit [ o) Ss ﬂsreweden desired
ones ficult to a2ﬂewect i on ortj t he l;u(&p Q;,lra a&ad Qfsulid’mg 135:;;11 dlquqqd opfh Q circuit
el enent s; aIns@éé‘q the first insulatingxieype apdy E’Y‘Q@ ‘1‘33 dsurface of

@bm s B urm
he | v ¢ ox1 e rieyeh © ohmica
the | ower §, )érli%l W m‘hQ’mﬂ um 9" ‘faiggrcorﬁlm"ssfgbﬂg hmicaily

g’é‘et -3 to!tHe Misy 168 dfuimggsdomrecover| ai d by

i nter Connqg (570,05, 2054
a netal | aycemolybdenum oxide at the fqok}; lif?bigh one or more apertures In e 5 of
of tungsteh, fofldi ti on,

it P
hi gher o igen pxjds o e G bJere lusdept Otebaid ghsulating layer.
nol ybde u‘ﬁ lﬁ%ﬂ:&ufu%m?g)mmbsecm | ngy a%&gg féag“?@emsedﬁan t he

25 ber of ﬁatsméyoos«nbdjb@@ mme e sil = | rigtel; raitcrhat‘lﬁlm ?ayer and
overlying Mld; yer OXIdllzegeiumtgrecgnnec rcﬂ’rst lﬂﬁ‘é' ng a lgef% bd i con
oxi de | ?ﬁ ){1101 g’%ﬁdejcﬁl ftﬁ@BﬂB@ﬁllcOlﬂsbe wl‘[tuﬁl rl 50 pper, sand- to
ghpose e0 B narmtl&eak@ﬁrf@m‘ih@m “glll’éé'}y hﬁ.gsmect i ons bei ng
ohmi ¢tal |y rest of the s111con oxide; Jager.nist H‘éé?lum WW 41(}2‘; attached
to the firse °“"’E\‘7 D™ | B HEBAGEvels of  doscribed o grcat@ i 1"‘1 s | niogr f ace

is easil [ﬁ(m oﬁsl gHa6ldt kﬂoﬂdjgtie- ¢ eo “Wﬁ% vesgrdaﬂy tie
30 the ‘%60 u&@lﬂu&mgamsollatmsuhds 1dj by SE‘?—:\vq durﬂ Eﬂ?n; se‘fhamcbottmsm feed- bng | ayer.

95 tanually free of pin 6 Ut thiotigh Isknin bl ispilagiaglgyer Jayer
consi st i ng SPHITHES "'1 ho é‘f f B oild be dnferent levels of 'ﬁ?fem«mﬁﬁéﬁﬁem)bond

bet ween Sllibd Grom Qﬁé&ﬂﬁphlﬁl invelgtorsf first
oxi de Iaygeroxalad tvhich omedlszfé@urg’rlgfag‘% %f °ﬁ_‘s rel mse,[ sationel viewrereaty Sp-

e hay
alternatlvemg,tenaISH tw‘nmty‘eldAn the mdd? bldfgadmﬂu‘sm fieqdi{laro 1 ;erconnec-
e o R e A o B A R

portion af sﬁlb]bcteﬂaﬁl hxgbeeme . e oy ﬂnsmgssatemleg:ho@on- 100
.oxj_de | ayerndne ottt_hs % E’:ﬁfo It}h&nveﬁimci | vit tal . gold or
ith one anot er or w1th e ﬁé us a'ﬂmg
COpper santt t?te The metals and the 'isbHiti o”)f"rt ?aﬁ;ﬁ‘rof leculqi nts 3 She offﬁSU| ting in

*wi ched bet vﬁ%@o@mﬁmp ol ng]gﬁyeadhere t0 L nctional elements @pmbstmslmwm

By ;way OfsseggHabter @h‘ﬂ‘e’fm 1 " b&, Figure 4, the same compnnents silisul at i ng

materi al belemé)eohm f o)) {hﬁqgitl nragﬂemtmmat&é lus s@g‘ner ence

40 nmetal in® Shs eﬁ:h wfubte d aﬂ@ue“fs s e’ lufigtydravm ngs
wher ei n: guat e eIc A &.@}1 adnﬂaﬂamdctosh@d

sub- urAccﬂzrdus ta % cmt“‘('g{‘, &hin-orig in@ Ithis mventlon .

stanti al l y fiseesdedy of 1 oéc?rci éﬁtsdad he Euste 5I Br é‘a‘em?‘}"' m@g a beI I
bottont' f &g ne? surface of a substratswbvequdt Wk‘é 0 Eﬁéﬁm§ orting bet

| evel s. thrcig,ggl ﬁgwlneummnthﬁrl(ﬁgﬁ& “%ﬁ | “‘e“ise el_mrkectlonal views of a por- 1 | n
addi ti on, 63 haf levels pfy intexsprupctigps i er ent |evels of

I nterconnections with a 45 fabr| cated from netals and

I nsul ators or nol ybedenum gol d- nol ybdenum i nterconnec- 110

oxides which are structurally reliable tion system

materials that will not yield or break up dur- . Figure 2 is a sectional
view, greatly en- ing substrate handling. Al the material

B o VY T e



4 1, 243, 247
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