2128636 ALLOY METALLI ZATI-ON This ‘i nvention relates in general to a nethod

and structure for netallizing a silicon substrate and nore specifically to
a nmet hod r providing a layer of silicon-aluminiumalloy on a silicon
substr at

nd the .netallisation so provi-ded. 5 In the fabri 021%8%
silicon sem conductor devices including both discrete device 35
integrated circuits, alumniumnetallization is often used for making
contact to device regions and for interconnecting between devices. Many of
those 10 sem conductor devices affohitagheitmad by two main features with
whi ch the alum niumnetal lization process nust be conpatible. First, the
surface topography of the device typically exhibits |arge, near vertical
steps (often as nmuch as 2 mcronmeters or nore in height) which the

metal | i zati on nust cover w thout cracking or 15 significant thinning.
Second, doped regions in the silicon substrate which the netallization nust
contact el ectri ckiibylinyeetizht eelares yinsgaddraly, td acmethbdd 2andi stmmeEtmy' s or | ess

N depth. Todge GOUPALLALS, WiflehBultlsle Qha LEESopERALER 40T, 1O PrOVi de

a high integrity coating over arge steps, the” netallization is
typical |y dep8§tedefonrraniddpre mileres 9bstildeentadnpiian #ldoy Wie2el evat ed

temperature @filidva 6le8sitéres dRGtdhal Barall Y{Natabh Yol Prdvii@ed.ange of about
200- 300 degrees centigrade, inparts a higher surface nobility to the atons

of the nmetallization film thereby inproving the step coverage. The 25
second feature, Inamké\fabhiranted of osiddnta entdmldhoverd dpeidtes eicdudingcan

resylt in yiegld I I i.abili,t t ﬁ? e i s subjected
to %!%fevat ed ﬁgrgrhpedggﬁﬁeggséeﬁ}&rc?%gangd%xfu?%g%aﬁ%n%jf%ggggss’l ng o \i{”ﬁe sem conduct or
devi ce after neRalidgptionals Pt uspd fest paking sgongact to device regionms

and for intercounnecting between devices. WMany of those

10 semiconductor devices are characterized by two main features with
which the aluminium metallization process must be compatible.
Firsg, the surface topography of the device typically exhibits
large, near vertical steps (often as much as 2 micrometers or more
in height) which the metallization must cover without cracking or

15 signifiéant thinning. Second, doped regions in the silicon
substrate which the metallization must contact electrically are
often very shallow, i.e., 1-2 micrometers or less in depth.

To be compatible with the first of these features and to
provide a high integrity coating over the large steps, the
t? : 20 metallization is typically deposited at an elevated substrate

temperature. The elevated temperature of the device substrate,
typically in the range of about 200-~300 degrees centigrade,
imparts a higher surface mobility to the atoms of the
metallization film, thereby improving the step coverage. The

25 second feature, namely the need to contact shallow doped regions,
can result in yield loss or reliability problems when the device
is subjected to elevated temperatures'during.additional processing
of the semiconductor device afterlthe application of the |

metallization.
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-2-" The el evated tenperature steps are a required part of the device
processi ng; ‘for exanple, to achieve | ow r esi stance ohm c contacts-to the
doped’regions and to reduce the density of interface states, a si nter@
process at about 450 degrees centigrade is-5 required after the

metal | i zati on has been deposited. During the sinter process the alum nium
chem'cally reduces any native oxide present in the contact areas of the

si | M¢on surface. Additionall y, nost devices are subjected to simlar or
even hi gher tmhapekexttede semperatigret fepapitd aatéquiref pant cmiettieyidegiqaassi vation

10 | ayer and/g ng%rih gf%be oLy a%iéiz%vli‘?fﬁgggé%ﬁgé%ﬁﬂﬁ I pure

al um ni um netal 'l zat I's used, sili1con d strate and
into the al urﬁOnFMndem megione dndgke tredyce gherdensitypof Emsagﬁﬁcy I i con

di ffuses int gelbss,2laUsindbriBg! PrRbb LML aldurSM0 AbyrdeBCeatiRlifrhaaogibi ity
limt of 5|I|con I n alum ni.um at %he 15 el evat ed teg‘g%‘{ature The quantity

of silicon®wieGHITfdr PReEsthsu el isarion hag oheed AeRasited -a Durday b
si |i con-al um sinter pootssst thtephndaimup@hemihelby cadadest gy mattvecbxidehe

t enperature t f proxinmty to the
contact regi 3;1-%9%{} ‘i’l[’t aneous %/J]\%Ig% %Eeth% Fﬂ(':foéﬁ%dg#%é‘?on al um ni um
di ffuses or 28ddrinesllnt gostadevisresatieepubisptetdossimitem or| svephbiahepi cal

process the mw:mr&elaeﬂr@t tnma n%tlmnnbflrmﬂ a&&lfyb@g phbdicABigIbStrate is
on the ordgr of cronete fore, if th of the doped

silicon ré olr‘?yﬁfuaé‘ﬁml’% dEfﬁ'ﬂgaE"t"eés?%“b B flﬁ“air?ef h?tf E""l‘ﬁa%?doﬁﬁ%'ésr
penetration d&‘pbhreofalﬁnhﬁmi metalilipaticheid] asgey sekidbhsdﬁuﬁéhabut ke | uncti on

wi INbe shor t g giileeBed s bk U HRERS SOALECnd RO thaddigelgped region

and the underlying su conven |ona o utlo to pr
engender ed bysteR s %ew\aixiéa% (AdEfusest éﬂm@hﬂeﬁé@iﬂ#@oﬁv Bhtemns %Raw ce

netal |izati Orbaoth?S thé dos1@meLind1tp uhee %@VéQQcSHQ.%t Eﬁﬁﬁnitﬁ Beenehe anmount
of silicon_renoved fromcontact regions is determ ned he solid

sol ubi | i t yIofeleypredofienneratires| FhenudFl s rh st eem Wﬁ?h \%ffdﬁe%ll‘*“éady
contains a cosCehé rsdlicon ofbstritecat aichl £iditorglahiniontdoatsal depadbubility

imt at the vﬂ:oqhﬁ'?et aLegarrBF rtzyéuéontggg Oléﬁ& eﬂ’eggerature encountered, and the
volume of aluminium in proxim;ty_to the contact region.
Simultaneously with the silicon diffusion, aluminium diffuses or

20 drops into vacancies left by the silicon. In the typical process
the depth of penetration of aluminium into the silicon substrate
is on the order of 1-2 micrometers. Therefore, if the depth of
the doped silicon region which is contacted is less than the 1-2
micrometer penetration depth of the aluminium, the danger exists

25 that the junction will.be shorted out as the aluminium makes
contact to both the doped region and the underlying substrate,

The conventional sdlution to problems'engendered by this
secoﬁd feature is to include silicon in the device metallization
30 as it is applied to the device substrate, 81n§e the amount of
silicon removed from contact regions is determined by the solid
solubility of silicon in the aluminium, using aluminium which
already contains a concentration of silicon at least eﬁual to the
solid solubility limit at the highest temperature encountered
35 during or subsequent to. the metal deposition p:océss minimizes the

‘quantity of silicon dissolvéd from the contact region.



35 during or subsequent to. the netal deposition 'brocess m ni m zes t he

quantity of silicon dissolved fromthe contact region. -3- Usually 1-2
per cen . weight of silicon in alumniumis used. This .anpbunt satisfies

the sol¥di:lity requirenment for -tenpefatures up-to 577 degrees centigrade,
the silicon-alumniumeutectic tenpefature. 5 Thi s above-rel ated

sol ution however, is itself the source of a further serious problem The_

solid sol yhj l4ity L ' unE nj |.S ;de enper at ure. 0
sol ve thelﬁgh%jilpi %Lg)i 5?%%%“%%&2)%%#0%?%?&%ﬁ?c%ﬁﬂgt?%%d%gggf% t he al um ni um
to sati sf Fhitcanewnyisarisfies  ghe sedpbihicyhrefvdsenens nforr Senpesatyressubstrate

may 10 enggued 857 dlgrb&MRerdlgrads, Bed %Miélﬁt-ai\ixﬁhﬁﬂ eh€dmesature, such as
at the deposition tenperature and especially at roomtenperature, however,

the silicHMBFRWFium systemis supersaturated with silicon. This results
in the Preci pithasi avefredlatsl solitdon Howeved,hés niebealf ithatdoancd ager | f
sufficient, i S ngﬁ f egul i ' : jeved. The tine to
reach equiﬁ F‘E{r@ﬁ%ﬁesﬁ% ] Slﬁc I-gﬁ %et eihe%g'uknﬂgiﬁtgt%gﬁﬁgygﬁaﬁnge over which a
silicon atadwpinium 1§ fependent upph ckempearurgy t A0 isoAve The aliorting vity of

tsihl i con i RrabidH, Nbd MnbentS bf fd1ai et by dHadh @t tROQ1ERGHER S CEMis@yade t hat
e nean

ration dis ce is,in.,excess 20 of 1 mcropeter (the typical
met al | i zat$5n® lﬁgg}&’fgs?}a i r’fP?%‘ﬁﬁ%sé: EPRTEBE RS, g‘]‘ealsfl Eate i 2chi eve
equi | i b0i wacodrdtelhas Abessmpkoatudtes allow thasitiighest pemmrptimeli och
preferentiall c . at 1 he ] rface. he n.ih tallization and the
substrat e.anggatﬁge&eg’?L?%og %%"@?Iéir%tﬁgelﬁl g?%ggéﬁ i 3%nqgf)$§ci=pi tates (known:-in
25 the sdwmpenatute.ohoveredstthe eblicperdleiyiunraystomrid adhered to the
substrat e sygbfARaridedt PARCIBALANS This RSN 1AGRe f f:REL VY aE od B
metal lization %3 remgved duri ng s-ubse?(lgﬁnt netal -patterning. That is, at
t enper at urfBEe FH LG EROR (TS MACAHHZREI T AYE Lh R ELRisPhy is

15 allowed for equilibruim to be achieved. The time to reach
equilibrium is a function of the meén.migration distance ovef _
which a silicon atom must diffuse to effect pfecipitaﬁion. ‘The
diffusivity of silicon in aluminium is sufficiently high at 200
degrees centigrade.that the mean migration dié;ance ié in excess

20 of 1 micrometer (the typical metallization thickqess) if only
three minuteé_are allowed to achieve equilibriuﬁ; fq has been
found that the silicon precipitatioﬁ prgferentially ndcieates at
the interface between the metallization and the substrate.

Because of this preference, large silicon preci?itafes (known 1n. .

25 the semiconductor indus;ry as frecklés) ére fﬁﬁnd édhéred to the e
substrate surface ih';hose regions of the surface from which the
metallization is'removéd during subsequent meﬁ#l patterning. That
is, at temperatures for which the metallization is supersaturated
with silicon, the excess silicon migrates to the substraté surface

30 where it is exposed as freckles left behind by the etéhihg of the
aluminium. | '

A number of difficﬁltieq_reéulﬁ from the formation of silicon
precipitates or freckles. When acid etchants are used to pattern
35 the con&gntional silicdn—aluminium.alldy fiim:the etch rate of the ..
bottom'part df';hg film, i.e., the silicon”rich pprtibn, is _
significantly less than the etch rate of the top part'of the film

i.e., the silicon rare portion.



with silicon, the excess silicon migrates to the substrate surface 30 where
kt 1S expOsed as freckles left behind by the etching of the alumnium_ A
number of difficulties result fromthe formation of silicon preci tes or
freckl es. Wen aci-d etchants are used ta.pattern 35 the conventl@‘
silicon-alumniumalloy filmthe etch Lgte of the bottompart of the film
i.e, the silicon rich portion, is significantly less than the etch rate of
the™op part of the filmi.e., the silicon rare portion. -4- The

di fference i nrmt ﬂzhfﬂe&éﬂ:el‘ GB:SLHtTcE tdteardsugtd finCandighffieant latehiing of the top

part of the f|| hg t h| Pt S ough.
This is a par?l cu?% % gn?f | (I:Encf prob?em vmn]él?e %’ el}negé'ﬁflgza rOh has to
cover steep seapion rist mchsd sthiyoughnt eThiisnie aararticubanlycsiigndfikrante

metal |i zation ﬂb&@@dﬂ’xei&@&ﬂé feR alBieR e ford %Qél%dcwlérckiu’eisste'ﬁbeonohﬁém”enon of
| at er al etchln@ﬂat a substrate step, usually referred " g", iIs

a si gni fi cant SYRSEFIFeaRirgeert HBEPS tLPCPTOHP et “P?Fé]'(]:fﬁﬁ‘ée'f e%lFE%diyct?ﬁdsal | oy
filnms of havi &g havelveducet CthickRiessl0 Mie pvRobéionoat tlaesradt etdh@ng G causes

particul ar probl e vvafers cid.etch d.ln teh Det ecti on of
the end point 2ot %Tﬁrg\é,gt q:ﬁ"Ph usualr?’otree%rsfed NS Ct% bb?‘%use of the

residual sil |emift¢qntoﬂ-qlﬁeanslub@tilaa$blt7Aﬂt°éﬂ-elpat t er n| ng the netallization,

a passivating | aygd Rhradctedtss & aiidy icdfnd sftamﬁﬁalal Y1438kl ratapor
deposited over the substrate. The presence of freckles on the substrate

causes t het!of oftrdPe pPtsem It&Fﬁe‘tgF’Eﬂ)&PEs“b‘Fe% (PET HLEUL AT, PEPPAFTIESR al . These
gl obul es pr esaﬁﬂera ﬂ:ef d¢idubtchedr fndatéies . S eseceiont of ayereadojoiphaifor esi st

toleover with, ’ltge&r anY ea\%}qsé)%d&eéminé’ib‘;géus‘é' hf%.% tPes& qge thoroughly
and dry the st str e surfac ich rs covere f’her Teckl es or
passi vati on gsbldgbesleftinythr substnaiant s
After patterning the metallization, a passivating layer of
15 glass or nitride is typically chemical vapor deposited over the
substrate. The presence of freckles on the substrate causes the
formation of large globules of the passivating material. These
globules present a difficult surface for subsequent layers of
photoresist to cover with good integrity. Also, it is difficult
20 to rinse thoroughly and dry the substrate surface which is covered
wi;h either freckles or. passivation globules; solvents, etchants
or water trapped by the freckles or globules on the substrate
surface cause problems with the reliability of the device.
s ' In the event of wmisprocessing during either the depésition or
~ 25 patterning of the metallization, it may be necessary to etch off
all df the metallization film and to redeposit a fresh layer. The
presence of freckles from the first metallization is then
compounded by the freckles resulting from the second
30 metallization. Attempting to remove the freckles prior to the
second metallization through use of either a wet chemical or
plasma defreckle etch also etches the exposed silicon contacts and
is therefore undesirable.
Finally, the presence of freckles on the substrate surface
35 between metallization tracks is cosmetically undesirable. The
freckles also prevent the close optical examination of underlying

- layers during defect analysis.



‘or water trapped by the freckles or gl obul es on the substrate- surfacé cause
problens with the reliability of the device. In the event of nisprocessjng
during E ther the deposition or 25 patterning of the netallization, it nmay

be nec
fresh™l

ry to etch off all of the nmetallization filmand to redeposit a
r. The presence of freckles firomthe first netallization is then

conpounded by the freckles resultlng'TPon1the second 30 netallization. .
Attenpting to renove the freckles prior to the second nmetallization through
use of either a wet chem cal or plasna defreckle etch also etches the
exposed silicon contacts and . is fherefore und 5|rable Fi nal
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presence of freckl ednotiewnef dhe Sfioragaingyrd aeed £xipts ok

tracks is mesanﬂtizwlohysysmdesahndblwerﬁnmftmkbm-mémo@ece\aaatoﬁhbe cl ose

optical exap | 0 .e I I ct anal ysis. In view
of the for g%%éhﬂ&sn %&ﬂgxé 1%“‘[]%0 mﬁ?ﬁﬁ%ﬁoe’gg"ﬂg 2 zat i on system whi ch
overcones the above-nenti oned and ot her shortcon1ngs of the prior art

metal | igation procegq. r@sent 'invention seekd 13 Eﬁmfde'ﬂlV%ﬁ#d%@dﬁfé%hédt 0

provi de an _i nprov d net metall1zing a silicon, sen conductor

substrat e |F|"va?té 1ing éa§1 ‘Gﬁ'é W’??ﬂé’”& vé“hﬁf@tﬁn@dwg’rﬁ?r 2t JeARbs of the
know net al bh@ aifi eite abovee men tidnad tshgatovmindd) oBRHRFkWMMBEX 19kt TWENTI ON | n

accordancepﬁ/é{% OEI? gp@(&édof the invention, there is 15

nmet hod for

provi ded a

I'icon sen1conductor substrate having a surface

t opogr aphy exhlbltlng at |east -one step over which the netallization has to

pass t@gcontact a silicon surface portion-of the substrate,

t he net hod

i ncluding the steps of; forn1ng a layer of aluminiumon said surface

portion at a 20 first el evaRaEF
provi de

In accordance with one aspect of the invention,

YaPR  WVERTION i s sufficiently high to

there is

15 provided a method for metallizing a silicon semiconductor substrate
having a surface topography exhibiting at least one step over which
the metallization has to pass to contact a silicon surface portion of

the substrate, the method including the steps of;

forming a layer of aluminium on said surface portion at a
20 first elevated temperature which is sufficiently high to provide
suitable coverage of the step; cooling said substrate to a second
temperature lower than said first temperature; and forming at said
second temperature a layer of silicon-aluminium alloy on said layer of [
aluminium, the second temperature and the thickness of the layer of
25 aluminium being chosen so as substantially to prevent the migration of
silicon through the layer of aluminium to form precipates at the

silicon surface portion.

30 : BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 illustrates, in cross section, a portion of a

metallized semiconductor device;

35 Fig. 2 illustrates, in plan view, a portion of a metallized

semiconductor device;



sui tabl e'coverage of the step; cooling said substraté to a second
tenperature |lower than said first tenperature; and formng at said second
tenperature a layer of silicon-alumniumalloy on said |ayer of alumi.nium
t he second tenperature and the thickness of the layer of 25  al umni

bei ng chosen so as substantially to prevent_the mgration of silicon

t hrrough the | ayer of alumniumto form précr] pates at the silicon surface

por™f on. 30 BRI EF DESCRI PTION OF THE FIGURES Fig. 1
illustrates, in cross section, a portion of a nmetallized sem conductor
device; 35 Fig. 2 illustrates, in plan view, a portion of a

metal | i zed sem conduct orFi@svi%8; 11lustrggg prociess .steps fior|medal htzdngracess

et on; and: g e o ok b Che T h LTy Dl Ay i

as a function of tenperdti§re é il ﬁl‘.‘-"?ﬁ&ﬁ.ﬁhﬁ é% ¥FbﬁfdfﬂlﬂﬁEFEQREﬁ‘mL‘l"‘“m
EMBODI MENTS Fi qas & funlctbdnr af etemperatuess- section, a portion of an netallized
sem conductor device 9 in accordance with the invention. The portion of the
- devi ce shown includes a sem conductor substrate 10 which can be, for
exanple, P type 5 silicon. An Ntype region 12 is formed in the P type
substrate formng a PN junction 14. A layer of insulator 16 overlies the
top surface of the substrate. An opening 17 in the insulator exposes a
portion 18 of the silicon substrate. Insulator 16 can be, for exanple, a

| ayer of silicon dioxide having a thickness of, 10 say, two mcroneters.
Th%\fdges of opening 17 may be defined by



fairly steep edges 22 of the insul-ator. A netallization |ayer -20 is

provi ded over the surface of insulator 16 and nmakes el ectrical " contact to

the expésed portion 18 of the silicon substrate. Sone difficulty is

encour@sed in maintaining the-thickness of 15 netallization |ayer 20 as it
r

trave steep edges 22, and, in fagt, sone thinning of the netallization

| ayer may occur at 24. FIG 2. illustrates, in plan view, a portion of a ™

sem conductor circuit showing two netallization runs 26 and 27 which ar_e%

posi tioned on the seyafe@r paScrrPTids oF atxeFedEn AipvpiMenTget al | i zation runs
make contact to an underlyi ng silicon sem conductor substrate through

openi ngs 28,29 respectively. 1n accordance with the invention a
metal i zati on Pigocksidlustr@bepriny pxbad-gdritdbn jrianpentdes -dfhen anount of thi nni ng

of the ”Etngétéifg;hoﬁm&l!&h%u@ﬁ:t REY1 RPS1PYELordk ﬁé‘ao wififRgesuch as illustrated

at 22 (in | zat1on process also mnimzes the anmount of
silicon di¥gsiien-oFheoporthen Hf| F‘&)ﬁeﬁﬂ%ﬂ‘?}f“eiﬂﬁt“éeﬁt e metal filmand the

amount  of éﬂmflf:étﬁlhefb:OfsuH\:QaBQ 10Mekth £dd e [TedoRr dsitimpléll @ Ey4R Silicon.  The

|rrprove II|za n 0C ch eve t the formation of

freckl e né)'fg‘ g‘ﬁ’ %f"ﬂof% % w’i r'iE afBre FADRT2E% bet ween the
met al runsftﬁ’ﬁinmd BY .junctiof- lﬁl'.heArﬁayat quzanstﬂ.latpm' déeseriltesacher dance with
the inventiQnglsae (9105 SRLALACESS ab! kil h@49dsd QhE' {Bu1ator: FI G 3

illustrates again I n cross-section, a contact area a sem conduct or
devi ce. ArPXpgE® fgParFirhridugh et #ildgon fubsEratag |1&§'e1rat$5 I6xp¥ses a 5
surface pou;é | 86 LRamfleqna WAGEF lofi mmﬂnd&eﬁi@h&&irngt@ thiBithegstgsgmeti es of -

e P S ok B R V! £ 2 Bt TR 3g8Laly SO D~
oxi de exi sfalrdn dthep exdges @d sftirthacinsolatdre A metailigadiohr kyer Z20hi n | ayer
33, which {gi)ﬁr&ﬁldx.d over the surface of insulator 16 and makes electrical
contact to the exposed portion 18 of the silicon substrate. Some
difficulty is emcountered in maintaining the thickness of
15 metallization layer 20 as it traverses steep edges 22, and, in
fact, some thinning of the metallization layer may occur at 24,

FIG 2. illustrates, in plan view, a portion of a semiconductor
circuit showing two metallization runs 26 and 27 which are
20 positioned on the surface of an insulatér 16. The two
metallization runs make contact to an underlying silicom
semiconductor substrate through openings 28,29 respectively. L_;

In accordance with the ianvention a metallization process is
25 provided which minimises the amount of thinning of the
metallization runs as they pass'over steep steps such as
© illustrated at 22 (in FIG 1). The metallization process also
minimizes the amount of silicon diffusion out of the silicom
substrate into the metal film and the amount of diffusion of the
30 metal film material into the silicon. The improved metallization -
process is achieved without the formation of freckles, for
example, on the portion 31 of insulator layer 16 between the metal
runs 26 and 27.



10 be a few nanorreters in thickness, grows quickly on the silicon surface

geven at room tenperature when the surface is exposed to air. It is
preserice of this thin insulating |ayer which nakes a sinteri ng ste
necessary to ensure a |ow resistance contact between the alumnium -

nmetal i zation and the underlying silicon. 15 At a sintering terrperature of
aboutT 450 degrees centigrade the al um pi_umreduces the oxide Iayer allow ng
i nt 4fat e contact between the al umi niumand silicon. The presence of this

thin layer, howeVde netplbizatisfeAraceshelhisgiendenee FEtRiPpchiTeritas the

al um ni um ang e&o-@k:wnpmb&@sl ﬂileH‘&e&' id @Q@s.aB-SEWWGaI umﬁcbeieaw 20 about
300 degrees (r:?egﬁ%tbg_rad Il lustrates the steps in the

netal | i zatio Es%’mﬁﬁ?ﬁﬁc&f'% f oo Phach r‘?\‘?‘é‘?’lt°foﬁ seﬂi? “ﬂgft‘?S B¥icSur e
al um ni um i s Aepmesiitgd 7othrichgh ex poiidissulbaing daydrhéé 2Zpesasi eonduct or

device coverifigeldyl E&c&@éq'sa&f g Jnﬂié?i#n% ?ﬁi‘@@h's SeRR0SIThLNg I n opening

17 to cover the sidewalls 22 an ace oxide 33. To ensure adequate
coverage of teferamesiss of o*é\ﬁa??eélinﬁﬁe? AFe dourfedoly (StEPP dRSPRAteT al uminiumi s

done at an elsauam]glstzgrrperuatsmtﬂd % ebesdlthyc til%etﬁil’cﬁl bsiapaﬁdl utedt i s done at
30 a terrperature of. _above 2 ees cent| el ow 300 grees
centigrade. PHRC¥eE0%A e&hjt“egﬁg a% Fﬁrpﬂ? ’éﬁg? ?‘?’ea(% ?ﬁf’gl lity to

t he al umi ni umuafmcsoarmtetwcqmpnmtehe Thitep-auen/éﬁagéicli'heyt tmilgkness of

the pure %b“@e”é#?wf %2&%'&%1&?89%%9 %f;?ékl&-h@n tgkalibidpl | ntended

filmthickness eposi t'1 on n“be carried out by any of
t he normal def¥s52qe 8YeY eem?pamswnraswhsy thec aerfiasd aifo £ERISEH & by

sputrkering. airs ‘It| i Qh& Fﬁ@séﬂeaeopfchdsmhtmmmsgsm;@i-raiiehlﬁaklea a

controll ed arrbl ref erab an _inert anb or vacuum duri ng and
fol | owing 5 %lsff%ﬁ‘e SSERIEY + & ﬁ?s‘ﬁﬁré Sﬂ"uﬁ?sr’rfﬁ?ﬁ‘cel §°158fei n used to
mean between the aluminium metallization and the underlying silicon.

15 At a sintering temperature of about 450 degrees centigrade the
aluminium reduces the oxide layer allowing inti%ate_contact
between the alumiﬁium and silicon. The presence of this thin
layer, however, also prevents the migration of silicon into the
aluminium and of aluminium into the silicon at temperatures below

20 about 300 degrees centigrade.

FIG.4 illustrates the figst of the two steps in the
metallizatioh process according to the invention. A layer 35 of
pure aluminium is deposited on the exposed surface of the
semiconductor device covering thick insulating layer 16 as well as
depositing in opening 17 to Covgr the sidewalls 22 and the
interface oxide 33. To ensure adequate coverage of the steep
sidewalls, the first deposition of pure aluminium is done at an
elevated temperature. Pfeferably the first deposition is done at
30 a teﬁperature of above 200 degrees centigrade and below 300

degfees centigrade. The elevated temperature imparts a higher

surface mobility to the aluminium atoms and thus improves the step
coverage.‘ The thickness of the pure aluminium f£ilm should be
about 40-75% of the total final intended film thickness. The

35 deposition of aluminium can be carried out by any of the normal
deposition techniques such as by vacuum evaporation or by

sputtering,



al umi nium substantially free fromsilicon. The pure alum nium my be

al l oyed. w-+h small amounts of other elenents such as copper, chrom um or
the |i Preferably the first layer is substantially all aluminium 10
Fol | o@ t he depositing of the pure alumniumlayer, the silicon substrate
remains in the controlled anbi ent argd the substrate tenperature. is allowed
or forced to drop to a tenperature i'n the range of about room tenperature™
to about 150 degrees centigrade. The tenperature is chosen such that the"

sili cen éibcﬁémwé ¥ a&powéf&ncueﬂswsérgmé tdgaty %I kif@8Le@nnot mgrate
through t previ ousl %’Il eposited pure alumniumfilmin sufficient

quantiti eémltiG“&IRrGﬁF‘f Tatd dRetk amblegk) gs"ﬁ‘i““f“h@“’ﬁéﬁa?““sﬁ%’s’@?’é% i nterface.
Pref er bl ynd Repsdiftabn at ehé aeperpure alimidieweriedhérein dsApes akewie of about

100 degree entiqr t,.this 20 |10 tenpegature the cond step of the
netal | i zaf’f‘bn ;i)‘r‘%%ggss | gf\%lal rkreﬁ g}'ﬁ‘“ \é\%icoﬁ uStT 05§ P é 5% second
| ayer 37 bé adilbyssiorith gmald amowith09f ioshetepbaienss! sughias sppiear, by

evapor at | O il R LR 'ﬂﬂe ovsfeéelesbﬁuag e FiHg g.lay%fiblmbtseagi'aﬂﬂyt he total

t hi ckness filnms to the final desir i ckness. The 25 second
al loy fil Ateshemintd¥mabout 1-2 percent by weight of silicon. Followi ng the

secondigleposi troDIbwihg &cheUdspok B gl 6f frue tfiee £Qalexint Dayergnidecnper at ure and

th f t he d t 6 illustrat th
G T usi vi PEiSPReTTeBERte Fosiphi 1t EPE mroredt i P LARE S, SPtinct i on of |
t enper at usebst:l?aoenttehmenyta;m istaldawecbersﬁm:raed hat dtdpe tdid fusi vity of silicon
at 100 degg tg_ﬁgr&ge 5°w§9?"$ g&%&gt 0. gdeghges sgenti grade by a

factor out. 4 at prevents freckle
preci pi taEiFGﬁFe&t cqntdszadsst rT&Fe‘;WF’é?tuFﬁt’ér Fh?ﬁé“l ?P"chhéh*}ir &8®ss according to

the inyengiDiton difflsivity is sufficiently low that silicon cannot

migrate through the previously deposited pure aluminium film in
sufficient quantities to allow formation of freckles at the netal
substrate interface. Prefetabiy the substrate temperature is
lowered to a temperatune'df'about 100 degrees centigrade. At this

20 lower temperature the second step of the metallizatiom proeess is
carried out. As illustrated in FIG. 5 a second layer 37 of
silicon-aluminium alloy is deposited again either by evaporation
or sputtering over the pure aluminium film to bring the total
thickness of the two films to the final desired thickness. The |

25 second alloy film contains about 1~-2 pereent by weight of silicom.
Following the second deposition, the substrate is further cooled | 1_/
to room temperature and then removed from the deposition

apparatus.

30 FIG. 6 illustrates the diffusivity of silicon in a thin film
of aluminium as a function of temperature. From the graﬁn it can
be seen that the diffusivity of silicon at 100 degrees centigrade
is 1ower than that at 200 degrees centigrade by a factor of about
40. It is this lower diffusivity that prevents freckle
precipitation at the substrate-metal interface in the process
according to the invention.



In.contrast, if. both films, .the first filmof pure alumniumand the second
film of si'licon-al um nium aI | oy, are evaporated at the el evated t enperature
necessary to achieve good step coverage, the high diffusivity of sil Lﬁ@
wi Il allowprecipitation of the 5 siligan as the filmis being deposl

as well as while the substrate is being cool ed subsequent to the
depesition. This effect is also observed i f the prior art technique of
depdsi ting an1@|déﬁi:f‘dslﬂmﬁi bbb Hibkd oyhef ifi PR ELiBn DENPIre ludyad@dahdnperat ure

s emloyed. f Q. LemPeral Uk Ciql.£00) dadl Sesasen!t Lol Ade d g dman )
m'grationdisfng Icon s mcrometer’s 1T only tiuFss s
allowed to achlme@qasmbemrtumnnﬁc@sam tonkghigverigogd esfept cov@Bagdegtieses

centigrade sibjf0Q1Pddshvitiyf Bf'ss@.l%btn' &@i:y aivaPBQ&iﬁa'i'@atTithanﬁﬁé of an

al um nium | ayer_ having a nom nal _thi ckness of m.croneter. In the process
i n accor dartesit4cRn 1 4Fc the)Fdim ji8nbeing depnsitsd a%lt"etlﬁeasl Bhike tosmer at ure
encount ered deibgtgatedsShdiagaioetéd tsabsdifaefie 0N thal Appsitiom t'l'lﬁ.sdecr eased

dlfoSIVItyOf il on|n he Iu Lum prevent he dif fsilicon
to the substr St e‘:'r;re nt°t3? face gn& ?Wéqglénasfe '?Jeé:trtl‘f‘ﬁf Sr?rga;é?e ST 1 con
preci pitates ae alhutnﬁum@rlﬂa% alwrﬁibnlatcersidebﬂs eéle\fafteéetemm@tﬂctat he first

layer during §henpesmad U&Y Srtéilx%QP&'uEéCH?E 26! dgg'féeggcédéﬁéfél!eﬂ{e Reg

t enper at ure_ pr ocessi n% first pure al um nium | ag havi ng a
thi ckness HY BpETASERY, i???é“‘f"o?falsq’r‘?m hilekh@Lergeseehis ™E % gration of
sufficient sihimaestis ahlovedt & fa&E:&thecﬁﬂﬂlﬁﬁ:iﬂﬁenlepl imbhD 3 @fnukes | ow ng

the, depost {1 0e loo! BE386 ML AUSL ol LEONARLATLILNTL B Gleo . 000551 N0

of \the devi ce“su str nor ma
metal li zati on tha;ﬁ@iclpt;ESpmft eh i aluminiaphlayer| having tae nemigral o-hicknasdeofret al
i nt erconnect i @NgicrafectRs %CEﬁJ‘QrOéestshﬁn G dant YR En rEﬁEaidvleK@ﬂo'non i's

uni form and reproducabl e wi_.t hout significant etch narrow ng of t he top of
the al unmi ntUnPPYHIES: ke SRR dOPHe FERRF AftF o PREPUEEIREN T EIFE AP%f silicon i.e.,
a silicon riclups¥ghestn toi thel Bécdaat deposDiionptHel dodre@bed ldeffushiity of

silicon in the aluminium prevents the diffusion of silicomn to the
substrate metal interface and the consequent formation of silicon
precipitates at that interface. Some silicon does diffuse into
20 the first layer during the second layer deposition and during
subsequent high temperature processing, but the first pure
aluminium layer having a thickness of 40-75% of the total film
thickness prevents the migration of sufficient silicon to the

interface to cause precipitationm.

Following the deposition of the second layer of
silicon-aluminium alloy, processing of the device substrate
proceeds in normal fashion. The double metallization layer is
photolithographically patterned to provide metal interconnections.

30 The etching of the double layer metallization is uniform and
reproducable without significant etch narrowing of the top of the
aluminium lines because there is no high concentration of silicon
i.e., a silicon rich portion, in the bottommost portion of the
£film.

35 .

Passivation glass is applied over the surface of the substrate
including the patterned metallization without the formation of

passivation globules because there are no silicon freckles to

nucleate the globules.,
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35 Passivation glass is applied over the surface of the substrate_including.
the patterned netallization without the fornation of passivation gl obules :
becaus here are no silicon freckles to nucl eate the globul es. The [ack
of pas ation gl obules inproves the coverage and adhesi on of photoresi st
during the patterning of the passivation |ayer. The renoval of the

phot oresi st | ayer and subsequent riﬁ§Pﬁg of the devices is nade easier by~
the uniformsurface free 5 of globules.” A sintering step to ensure goo

cont act be n.th | upi ni | i | on h derlying substrate is
carried ou{d{%ﬁ?ﬁker°%b€?§?%ﬂ&§mﬁé€ietsh§%é§§§? \ag;hgi %°r¥%5§ ogln?'i on. No
di ssol ut i opdhesien [of cphetpresdst edurdag theepatserniagi of) thhepassbvatdoral i s

removed freomdhe flknidiofsh S2MBleLnstidel it ERFUAGha BLBAS Y@M ned. The
reason no contact dissolution is gbserved is believed to result fromthe

di fferent Fipsdogrofufrererifespivamade casiecdy ther PR ormeswratfotittire rise in
t he sinterbfglpbilaessS.A d3ntering ste toWendureCgdesomaet (Herwéenv ke rapi d

di ffusion gf the sil]j i he .upper film hrpough t.he total film
t hi ckness ?%ums?'é' 'f@sfnf/é{]%gz?tﬁgéeaélgi n'ge sug’?%}t}lyflfl% ysu?:él% ttealgs t%ﬁzéltitegrrper ature
ri ses and ¢®9 edhkery beffarei om abtex ithe massiratisn dlerpsitibe. cont act area by the
alumniumin the film The activation energy for the 20 oxi de reduction

step is high enough so that the oxide renmains in place and nigration of
silicon out of NprfEssefntienof sLlicapfeabantred after FiPFIEaRtIsRAoUNt of
Si |i cong edesdlr id Heinovedhifomd Ehellsiftedadt yampled uadt tHe toddlct effe@®s. Thus it

I S appar entexgng_%gdt h%e rhasonbeenco[%gé/ti %Qéjsoﬂ gioacg_(s)r ance h the invention,
a new and rnproved et al1izatton process and Structare i'ch achi eves thew
obj ect s andeligvehttageesudbtfzonrthe dbffiegent/\rate athehichytwmt poecasaes been

?ﬁ:?” bed bPedrehatingNeeO t ettt PRI L NEMES s {RBEEQY phdcedss, NOT 1 ntended
15 The two processes are (1) a very rapid diffusion of the
silicon in the uppermost film and through the total film thickness
to satisfy the increasing solubility limit as the temperature
rises and (2) the reduction of the native oxide in the contact
area by the aluminium in the film. The activation energy for the
20 oxide reduction step is high enough so that the oxide remains in
place and migration of silicon out of the substrate is impeded
until a significant amount of silicon redistribution has occurred
between the two film regions.

Thus it is apparent that there has been provided, in
accordance with the invention, a new and improved metallization
process and structure which achieves the objects and advantages
set forth above. While the invention has been described in
relation to certain embodiments thereof it is not intended that
the invention be limited to these illustrative embodiments. Those
skilled in the art will appreciate that variations and
modifications in the process are possible and it is intended that
such variations and modifications be included in the invention as

defined by the appended claims.



Lhé.invéntion be:limted to these illustrative enbodi nents. Those skill ed

in the art will appreciate that variations and nodifications in the process
are possible and it is intended that such variations and nodificati e
included in the invention as defined by the appended cl ai ns. CLAI® .

A method for netallizing a silicon sem conductor substrate 5 havi ng a
sugface topography exhibiting at |east onélsrep over which the
metad | i zation has to pass to contact a silicon surface portion of the _
substrate, the nmethod including the steps of; formng a |ayer of alum nium
on said surface portion at a first elevated tenperature which is
sufficiently high to provide 10 sui t abClAIMSver age of the step; cooling
said substrate to a second tenperature lower than said first tenperature;
and formng at said second tenperature a | ayer of silicon-alum nium all oy
on said layer of alumnium the second tenperature and the thickness of the
| ayer of al umi pj um bei ng nRRASEFoF Meds] SiEhnd ansi Bicoy $emiporaiuensr tshbstrate

SASN i Top med: P N5 P :
oSt he oS i Bl s Shetale, Hikdat ' BKbr BingRy ekt Thé Csted S0 IS 5
the |ayer of atherimetaiihization hasi tkmess tecontant 40 sihtronssyface porbion gk

total thicknesghdlsubdigald, thé Meehodfindludindithe) stegst s | ayer of
si licon-al um ni umt oget her.

. 3. a;She,rriet hod of , cl ?jgm 1 or, .2 V\/r}grei n
said first elevated tenp¥MHPgrk 10%en AF (HUMiniNGeoL 58T dyreass BTG 2 to
300 degrees cefiirsgr alkvatédb témperature whildhe i sresulibitiehthnhigh doepitavddel ai m
wherein sajd fir t el 0 I t4.0 .
The_net hodigf aﬁﬁagfégc\ég%ﬁagec?laiﬂmié %gégieﬁg]sﬁlgdsggggﬁg gggg %?e?rpa%r%g?‘gre S
in the range atenneitetuyngnbewent than said1Srsdetempesatungsi ddafirming at said

second temperature a layer of silicon-aluminium alloy on said layer of
aluminium, the second temperature and the thickness of the layer of
aluminium being chosen so as substantially to prevent the migration of

15 silicon through the layer of aluminium to-form precipates at the -
silicon surface portion.

2. The method of claim 1 wherein the layer of aTUﬁinium has a
thickness between 40 and 75 percent of the total thickness of the
20 1éyer of aluminium and the layer of silicon-aluminium together.

3. The method of claim 1 or 2 wherein said first elevated
‘o temperature is in the range 200 degrees centigrade, to 300 degrees
centigrade. '
25 o
4. The method of any preceding claim wherein said first
elevated temperature is 200 degrees centigrade.

5. The method of any preceding claim wherein said second
30 temperature is in the range ambient temperature to 150 degrees
centigrade.

6. The method of claim 5 wherein said second temperature is
100 degrees centigrade.
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6. The nethod of .claim5 wherein said second tenperature S 100

degrees centi grade. -12- 7. The met hod of any preceding claim
wher ei aid layer of alum niumand said | ayer of alloy are forned by
vacuu aporation or sputtering. 5 8. The nethod of claim?7
wher ei n"sai d step of cooling said subgtpate is carried out in vacuum or
controlled inert environnment. 9. The net hod of any precedi ng cl at
wherein said silicon-alum niumalloy contains about 1-2 percent by welght
of 10 silicon. 10. The met hod as clained in any preceding claim

wher ein th substra n_sem cond r | C t he pet hod

further ?I udes thﬁgt@e&goi § p_rgcecﬁﬁg c"ﬁ%rﬁ’_vﬂ%ﬁ"fgr SFﬁgq%&d °F:yer of

silicon- aI uﬁummnmaanldoyamdiam df |djoy are fanmed diyunacuumnevapofatyion aordesi r ed

pattern of éygm ation on said silicon device; and sintering said silicon
al

devi ce and pattern of netallization. 20 11. A et hod of
nmetallizing a silicon sem conductor  -substrate substantially as herein

descr lhbed }/a .th ref ermecmethod asfd chsins Moviieretn Sagé . stap Sofotoditing diaddi ngs. | |12
s rer of o ubEb Ak 4, MrAed b eﬁ"c‘ %%M%Bd*;@ttihh%ﬁv*&er&?%r“fé’**%%%?”i e
dr awi ngs.
9. The method of any prqudqng c]§1m wherein said
silfcon-aluminium alloy contains about 1-2 percent by weight of
10 silicon.

10. The methbd as 61aimed in any preceding claim wherein the
substrate iS a silicon seﬁiconductor device and the method further
includes the steps of;

15 patterning said 1ayer of s11icon-a1umin1um alloy and said
layer of pure aluminium to form a desired pattem of metallization on
said silicon device; and sintering said silicon device and said
pattem of metallization.

20 11. A method of metallizing a silicon semiconductor substrate
ubstant1a11y as herein described with reference to and as shown in
Figs. 3-5 of the drawings.

12. A method of metallizing a silicon semiconductor device
25 substantially as herein described with reference to and as shown in
Figs. 3-5 of the drawings.
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