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. DESCRIPTION T pcal Field The present invention is directe,glc 0 US|
copper or copm/ﬂw WMIP sem conductor devices, and is esp ﬁad@‘l%ﬂg
directed to inpr adhesi on of another |ayer to the copper or copper

al l oy. Background®®p21 nventi on Interest in using copper as interconnects in
sem conduct or devices continues to increase since it possesses a |ower

resistivity and a redygedosuseeptitbrbivirict ApeEeebiofodtabpar failure as
conpared to the nore traditional alum numor alum num alloy interconnects.

However, since copper has a tendency when used in interconnect netall urgy
to diffuse into surroundi ng diel ect pregcraberriosd s such as silicon dioxide,
capping of the copper is essential. The capping inhibits this diffusion.
One wi dely suggested nethod of capping includes enploying a conductive
barrier layer along the sidewal | sTartinhetlomiedrf ace of a copper
i nterconnect. Typical of such barrier layers is tantalumor titanium
Cappi ng of the upper surface of a copper interconnect usually enploys
silicon nitrideTheomeesentsiiivat it risled dorstedtt exid iy ctppeyg adhesi on
to copper supbaces 1Ace0rd] ndliodigySldd Gl 4L | desd orLopBSL I b pyface is
extrenely susceptibleto v ~-a~ 2003 2 delam nation, especially under
condi t i ons 9éfF epEERaNiCe AITRTSAH: Y. CIEx A esi oF P hsiplelker wharer neehang cal
| oadi ng cagobgad 0 deJgpdmatixgy, i ncl ude chem cal - mechani cal polishing
steps during wafer processing, chip pull such as used in substrate rework,
and renoval of chips after burn-in froma tenporary attach substrate.
Background of Invention

Interest in using copper as interconnects in
semiconductor devices continues to increase since it
possesses a lower resistivity and a reduced susceptibility
to electromigration failure as compared to the more

traditional aluminum or aluminum alloy interconnects.

However, since copper has a tendency when used in
interconnect metalliurgy to diffuse into surrounding
dielectric materials such as silicon dioxide, capping of the
copper 1s essential. The capping inhibits this diffusion.
One widely suggested method of capping includes employing a
conductive barrier layer along the sidewalls and bottom
surface of a coppex interconnect. Typical of such barrier
layers is tantalum or titanium. Capping of the upper
surface of a copper interconnect usually employs silicon

nitride.

However, silicon nitride does not exhibit strong
adhesion to copper surfaces. Accordingly, the silicon

nitride-to-copper interface is extremely susceptible to
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Del ani nation of silicon nitride froma copper surface creates a path for

. copper to diffuse outward and a path for noisture or other contamnants to
diffuse inward. This creates reliability problens for the se@ \ﬁg [[)3
devi ce. Mreover, various other materials such as silicon di okxide do no
adhere well to copper surfaces. It has been suggested to use a copper
silicide filmon copper interconnects 20 elinmnate the silicon
nitride-togo erface _adhe on proble AIon se I|nes ee U S
Patent 5,4 75‘)5@%?0& Pl p e% 8k eltaS‘LaI V&S5 &% srhffr & cijeag1 bit a
rel ativel ylhaghngl ecENaU@Ilersemfstm\ﬂttayucared wmz}recamaanmd&&pinbj ycda@ar ge
i ncrease 'Poé&shétégiﬁ %a%QQQFEncH CUGGLS, - M@éﬁ@ﬁyeafzcﬁﬁgs j\lcides
have been reported to B\e reactive W|t atmospheri c oxygen a 4t
suffer resfSePFi EYriner ¥ases wporessiosur e exidesvath rrsomasshpiar at ur e.

I'n additi oeubgwgker@e%w i QEMRG 1L BE CORRRS Fild LR W £ME-d R Jurn,
| eads to non-uniformt non-repeatability of the procedure.

Accor di ngl yeMBORBEY é%¥§‘tc§1 FHPSEFBESi ng adhesi on of |ayers such as silicon
nitride and silicon dioxide to copper surfaces w thout the conconi t ant

di sad t i at th I JAS' ~1~03 3
Surmar'y of 1 nveRE R BN TRS reéng MIAFGR Por T soT & (SRFRG e
adhesi on betraebtasceppeirhsdoraceppand toudfiddeset mxtvmmcancbc&lqzrae:rv\eﬁert o]
'the COpperméyEEaggsorl%t@%rtE%%L%&ln%gﬁspE%§%ﬂ%fb.%fwﬂd% ﬁ? to a

sem conduct or structure compri sSi co ocate I'n a

sem conducEbeafed é’@llAbllé&éb/ @rrogsdeaer fger rednei @@mlg?emée\mtmﬁ oiﬁ\cpece
germaniumnitride or conbinations thereof is |ocated on at |east one
surface of the copper nenber. A |ayer of mat eri al that does, not

t enaci ousl y adthgePUeEopﬁérrﬁoélsl G&Ad “@r‘retrﬂé‘ll fé‘rcrbfasc@dﬂe]rc‘ifer mani de,
ger mani um dxbdeder dgehaniadhagiid iedd. thheogeerariutifiseed.ai ni ng | ayer

i nproves the adhesion of the poorly adhering material to the copper nenber.
In addition, the present invention is concerned with a process for
fabricating a sém besdberor sstadesttgrde twhivgte commrirses stila sitdgpst ipfm on

provi di ng achayer ; ok e2lcdrRsl: ONe YANMBNE GOt aliniing a8 Al S&bect ed
fromthe group consisting of copper gernani de, gernani um oxide, gernmani um

nitride an9°BBRBI AECREHE YN &G 1M PP lisgist G HRESE Of P ToppRt
menber; and.Eherpapeovi di mgwa deayefo ofildpintkerdtalall.hatidlessmotcagher e wel |

to copper 8?1&@% Y Ehert Toit"g de 1%&%@8,?%919?1”%1[%&@;&@ i dg%&ejt\ﬁe o\

i nvention SO re ates O a sem con alne bove
process. Senfl mevheeusts egt sirawkeahadntvades asf itrve qarsss aint Jrerﬁ/Jeemammew |

beconme readkl xogrgeer et dhnse ski hgd dvet heddef rom thesd 11 ont ng
detail ed description, wherein it is shown and descri bed only the preferred

embodi ment 886P FREGHHEENTEDRE SSRGS WAy GHCTASRIG T t | GBI tHe best
mode 3 Ot3AdNt2p@iffber resistivity increases upon exposure to oxygen

at room temperature. In addition, problems exist in forming
the copper silicide whick, in turn, leads to non-uniformity

and non-repeatability of the procedure.

Accordingly, =z need exists for improving adhesion of
layers such as silicon nitride and silicon dioxide to copper
surfaces without the concomitant disadvantages associated

with using copper silicice.



contenpl ated of carrying cat .he invention. As will be realized the
.invention is capable of other and different enbodi nents, a [ts several
details are capable of nodifications in various obvious reggdiq§4ﬁybﬁﬁ§ut
departing fromthe invention. Accordingly, the descriptionis to be "
regarded as illustrative in nature and not as restrictive. Summary of
Drawings Fig. 1 is a schematic diagramiof an exanple of a sem conduct or
structure in accordance with the present_ invention. Fig. 2 is a schematic
di agram of an exanpl e of anot héPI“g@ﬁyc&frdJ@tV&Pt&tof‘uct ure in accordance wth
the present invention. Fig. 3 is a schematic di agram of an exanple of a
still further~sfgécondgg£grisgrgggu&eriEa%%%oE%aqu %ﬁ}h thszr%ﬁfnt

i nvention. Best and®Various Ndes 0o rerying oit" PFVeERS S iR BrdEreR o
facilitat ecawemercppadi agrétcebe apde semtt aicewe frhiadn dor efoer erdde i |vwe e
made 10 the, Tgures ﬁ@k%u%écé%he”%' ©ad-a9k @L%,Ofth%)(%%ls%% of

sem conduct or struc}t) res 1n accordance with the present invéenti on.
Accor di ng ¥Venel presehttPAVERt PoReTikONadisESiros talichoarEe Foadhdrsintg a
material s d@Fe£0RRRbeSULEREE BS Wi FRHAVad shyhilcReludi-Bg 2 iiRier veni ng

ger mani um cont ai nj ng I ayer. Theﬁgﬁ]r mani um cant ai ni.ng | ayer cap be copper
ger mani de, 13YSF 2F _CoBBEY FeGRARAACUMIGKITGE L We PRERCUMITIRdLT or

conbi nat i anst©fd¢ hesecpapenatibasi theskodt 8¢ ilackited bn cepperasd rdmyg 1 is
i ncl uded on em conduct or _wafer (not sh )..such _as silican,

111 cone gereEr e ST1 BUE BPPBRF! e anrd=y e Xogpd Ny st

el ectri caldges sodbat eenbyipnsludedyeas it eopeesl idi dloeetteidc ch dbeh as
silicon dipx i h i: lyi-Cat.e- ( ]ﬂﬁﬁﬁ SG
(BPSG) , or%ﬁaﬁ?h%%??ﬁogglgﬁggﬁ I(ei e('TE&fﬁé%ﬁ%magc%? %Ciiéo%f}r %%e I eqlengt ric can
i ncl ude | oW-eF &fect r TRecBREMARE UFaCONTALS 196C A 246 T LOeHaTsced ISi 2, or gani ¢
pol ymers aiwhoiOtSodi ehechbbbes yandinehe neapRitRe Sl et Wies PR} nes

enpl oyed for integration purposes. The copper w ring includes copper and
copper al I'BY8°“fh addition, the copper wiring can be capped along its
bottom and sidewal| surfaces with a conductive barrier (not shown) such as
tantalum or {itani ey Th8,CORREr ot vl Galyon:3bout 1000 49 ApYf: AP0 A
thick. According to Re présent anenthn, a layer of a

ger mani umRORERSAI AT MARLKILER LilgdproHeddE e uche e Gparct urige which

ger mani um &Snb AL 8& B0t ABt 8Ekals LACIHIURS GRPEr 188TaRIFde,t RIENIdHR OXi de,
germaniumnnitride or conbi nati ons ofé%gfselﬁater gls. gﬁgordln to

pref erred ESPERESUBF CPRE2PPESEN ATt &iF %Etﬁgb 8 o SR ger mani de
is formed oonghet éxposédcoppper geunfaadeks byefrimewiingn gerinkne deGetds)iwver t he
structure a r f

preferablyﬁg%§£§¥3é§gtgggggﬁgkﬁﬁﬁ%. Eggﬁﬁiﬁ%%giggbﬁggﬁgigggagﬁghfgﬂg

typi cal | y @abo@t ceBPes BBBRET80 agick aheid PTP Vi &y gitddld ywlabouwatex ik hbout

5 scem I ncRgdi §568, nbypPhedlet Xty @ cPfpdediitteant 2 NYE agld ve gas
such as helium argon or nitrogen is e yl%d wherein the caoncent rlatl on of

the ger man@SY823hBlir COR68 '3 "Fho 8iGE B ::IO e present invention also

relates to a semiconductor structure obtained by the above

process.

Still other objects and advantages of the present
invention will become readily apparent by those skilled in
the art from the following detailed description, wherein it
is shown and described only the preferred embodiments of the

invention, simply by way of illustration of the best mode



~~ 0 JAS 2Q03 6 preferably about. 0.1 to about 0.50. A diluted gas m xture
of the germane .s enployed in order to limt the anpbunt of co r

with the germane. Typically, the thickness of the copper gerngﬂ?déaygzaag
fromthis reaction is about 100 to about 1000 A and preferably about 1SO to
about 400 A. In place of germane, other germani um contai ni ng gases such as
Ge2H6 can be used to selectively fornfbopper germani de. For instance, see
U. S. Patent 5,6420,069. Al so, other nethods of providing a copper gernanide
layer on t A8 EGPPeR 68N He Wy S Hs Chemi B Miior al‘e?)d%lif}t d?f of copper
ger mani de. rlgl@\l]g/_&\teﬁ, tgxléCH.rﬁf_em’tQQQﬁSid: Scdielb I Qiﬂardtﬁﬁérziaﬂﬁﬁ dii £ Morkigk t hen 4
require a maski,ng and etchjng step in order to provide the copper gernmanide
| ayer onIyegﬁogﬁgeg§503§ﬂﬂiL#h%ﬂﬁé%%ﬁa%fé% r%r%)?qﬁﬁgiﬁlﬁgg hand,

enpl oyi ng thédirfeaatiiomsniirh vshel qyer nemel qyes, rddye ger mani deuts &edeet ivgl y
formed onl S rf S e no e I.st.s. The gernmani de
fornms in a¥F§ﬂa%?%eﬁ? uﬁéﬁﬁhﬁgﬂﬁlfggﬁb&@'Vbﬁ%@%ﬁﬁéﬁ%lgﬁﬁﬁﬂﬂ%ﬁfkpuﬁ%n
conpar ed t vefsiraieng agopperussitatdivite. 1rFuratherersre ndie aesiesttind ¢yl oé . copper
germanide is relatively low as conpared to that of the copper silicide. In
particular, the resistivity of copper gernanide is about 5.5 u ohmcm at
room t enperat ure whereas that forR8pyePfsPFR¥FLRESi s about 55 u ohm cm
Copper, on the other hand, has a resistivity of about 2.2 u ohmcm or

| ower. Next, if _desired, a |ayer of. a poorly adherent material 5 such as
silicon nitrideF3€”sFIF@oﬁ<ﬁ%@ﬁ%ﬁ§%ﬁu1%ﬁ?%ﬁﬁxﬁﬁkﬁﬂi%ﬁ?@?&? per ger mani de
| ayer 3. | aethecodsetolr sidrweonyd tim descaddaoare beltdepdst tckdynta wel |
known pl asgg. gphangced chem cal vapor deposition process (PECVD). Such
process involves introducing a silicon-bearing gas species 3 0 JaN 200
such as silane aria a nitrogen-bearing gas species such as anmoni a and/ or
nitrogen in thepgesence f seHimR Qhpfawidd GON-Leard Y J8SaSPERE ES

i nclude disilane, dichlorosilane and tetraethyl orthaosilicate. O her

ni t r ogen- cBATAFATMYGEE SPeHTIEheludee %Wb‘%&iﬁ%aﬁf’e@s%‘é

deposi ti oniaketlaosi.licon nitride is usually carried out at tenperatures of
about 300 to about 450C and nore typically at tenperatures of about 350 to
about 400C. The layer 5 is typically about 100 to about 20000 A thick, nore
typically for siFliigco’ nigtrad decheent iy etidgraborii @0eXampbowt 1009t ALLhi ck,
and even mpechR Gkt 350Gt ahort AP0 AdhiLhed arish ligon. |f
desired, as illustrated in Figs. 2 and 3, prior to depositing the |ayer 5,
all or a pBFrEF6RCof e 'cSPper ger mani de | ayer can be converted to
germani um oxi de and/or germaniumnitride 4 to provide further oxidation
barrier prot ecti pgy | g, UNGer ¥l A0yEaRRCTn Fille g s bl URLr 3183 a5qngerni ng a
portion of the copper gernmanide | ayer, er eas, ﬁla. i FTUstrat es
converting all of the copper gernanide |ayer. The copper gernmani de can be

oxi di zed by enplQyidihan «QXy@en o @b NAN0L g8 ftat @IRET8F Ufies Pleabput 20
to about QQOC. Typically, the f=ow rate of _the oxygen-containi ng gas woul d
be about SlPH%&&iﬂnﬁf?%ﬁ?ﬁ%ﬂﬁFtW%@Hu?%IT%ﬁFo?Ot%%ép#B%%E%SW%%+th%r§bout 5
sec to severd@lendRyiss AHdIGnd hef oxialabl ©n Pf ogesscotdec coppet riicourthe
copper ger mani de will, be'expel | ed back.into the. nder|ying copper member.
The copper “germani’'se can be tonverted ?o'gernanlun1hitride by =eaction with

a nitrogen-containing gas or plasma such as ammonia or nitrogen-~ at

e-evated tenper #WSs) Olg aPOUEh 300 0= APOMS vERPfon, £ho FdResidA03£S

poorly adherent materials to z copper surface is improved by
including an intervening germanium-containing layer. The

germanium-containing layer can be copper germanide,



The .ger mani um oxi de fornmed by an airbreak (roomtenperature exposure to
air. between copper germanide formation and nitride deposith?Q E@iwbeen
found to lead to a substantial decrease in nitride to copper’ He rﬂﬁ@3m
and using stud pull tests. An in situ nitride cap deposition after
germani de formation without an airbreak | eads to inprovenent in an edge
del ami nation test but not in the stud pull test. Edge del amination testing
is described. | Shaf fer. et am.nat i T i-ng., . t hod_f or
Veasur i ng Eher ATRADI oo LoF T T CaAt TG 1 MG Al S gt ( F Enébe
Appl i cati ohsyePagrt 1: Nunerical Analysis and Prelimnary Results, in Thin
Filnms: Stresses and Mechanical Properties IV, Materials Research Society
Synposi um Proceedi ngs, Vol. 308, 1993, published by Materials Research
Soci ety, PittsbffghllP&EreSRd gt HEb- 539 CORETT dHEE D & Hes ratekided

consi der edopogr k¥nadberert: dro weGRRer (¥t ¢hdal) adker e vedill tacopper refers
to those matfr,lals that delam.nate in th Eqvgqe del am nati on test at
1

t enper at ur 8546806 IERBF P Al GE AF Wi FIEGTCE 1 s THE tFRPR %St .
Procedur eswioinfoigl Bg egerimallm diddliadecay hadladichg mrt heht@El dns1
Handbuch dgr _anorgani shen gherd &, 8th EYLEam. Yoo #5: Bo 38 (Verl ag
Cherni e, Stuf gart, 1 6f’). or~ exarnple, "exposure olfozbérﬁaﬁf‘ﬁ% oxide to NH3
at tenperasutésateoml?z8® t(@FSHOChuezul torad thes f(GRa)i orpof Ge3N4 . The
foregoi ng deseriRhiB.2hdd8 iduent iind)! | usty ales @rd, deser @fé]béél@ri
present invention. Additionally, the disclosure shows and descri bes onfy
the preferfdl eRFIYARerCy SHalfetitiveanst Bkt Mademidnts st abdve, it is

to be understoeedntial tdie,i nvegthos bslgapabl enaf pugeukbndyaliews ieiher
conbi nati ons di fi_cat.i ons AN envi ronrmtrr:lt ) 3 JAI\CIJOZtOOB 9 and is
capabl e of “BafifiEs CGPHEG ¢ KB TR T The RSpE bf-Phe i nventi ve
concept asiekpgessednhengipmsaomeEisuratman v timgy abeie:desactnpgsr amador

t he skill W of the eV T ang t ri

her ei nabovgggég(}f. ﬁrgg% ri ntﬂgindie(%ijletolaae}{%pﬁ%f\en Cbcgj?te mo gclsl o%hrggqsgpéﬁ?%i ng
t he i nvent RéANEnd tio barrdisie a0t ériglenidll enyiraare wrth to aandugtel the
invention pHArsdel (@lotoldiiwn)eMhRd] RNt ANd oM tdt: tdhie aandous mdi fications
required by the particular applications or uses of the inventiar..

Accor di ngl §OPPRE d@sc,trﬁpdﬁadﬁfﬁh}%‘[t iTt%hdgt 345 rﬁqoq%@iﬂ%ﬂeﬁfi on to the
form di scl osed herein. Also, _t is intended that the appended cl ai ns be

construed to in |Cl.é q_,dqlr{tger%até ve %@&qu{\ﬁentio%,o.a]ﬁ'\é 3Of’L0a CLAI M5 What

is clainmed is: 1. sem-conductor structure conpri'sing copper nenber

| ocat ed wi BRFASRISENCEHTRICHIOT dekietaly ife ey Wiacb i i coRpeY - of at

| east one fRAEDEE SRILUEESIM 1Ry GFOWY iCoNSi sdil ik Dfc GORPerg Serimade,
ger mani um oxi de, .germani um nitride and conbj nations thereof, 70 ated on at

| east one §G&Fface Topper et % TayEymat rere bl thodtl y
adherent teacepper] d.ocaicthahi nde qesrais tred e ssppat g d Aydie Rreddwet

sem conduct or r.uct ure -of  cl aj ' opper IS C er or a
copper all té;%."e ttl‘f%é saen%‘—icyoen]%:lﬁij’c':8 ofr1 %%eg‘{ [}?%ﬂﬁafr&ccfé;i M Fﬁé%iﬁnt%g

, ger mani unmegprisgichiarphey erucionges des Toppery geameaiicle(Gef, ) Tigwer the

sem conducker St Wie Oferd @ddN dedfbier £ dk-d & IR W€ 0N akpbig | ayer
conpri ses %er mani um oxi de.
50°Z and preferably about 350 to about 400°C. The flow
rate of the germane is typically about 15 to about 80 sccm
and more typically about 2 to about 5 sccm. In addition,
typically a mixture of germane and a non-active gas such as
helium, argon or nitrogen is employed wherein the

concentration of the germane is about 0.05 to about 5% and



5. The sem conductor structure of claim1 wherein the gernmani um contai ni ng
| ayer conprises germaniumnitride. 6. The sem conductor structure of claim

1 wherein the germani umcontaining | ayer conprises a |ayer o]

germani de and a | ayer of germani um oxide. 7. The seniconducﬁaiyéﬂﬁﬁggﬂga of
claim1 wherein the germani umcontaining |layer contains a | ayer of copper
germani de and a | ayer of germanium nitréde. 3 0 JAN 2003 n 8. The

sem conductor struycture of claim 1l wherein the germani um.containing | ayer
cont ai ns aﬂﬁﬁég %% t= ger rahf dePoyt| Qyef - of Aget MahFENP8RI Bé xaRdea

| ayer of geffrrameJrgémwm@Ie sgem]_ﬂ]@/é@%ﬁOBQd@EOEoSlEHQEUEﬁeOBm@Jb@ﬂtmo]E
wherein the ger nani umco talnh g Iag has a thlckngis of about 100 to
hautPor 98¢

about 1000 AP, HHEE 5% BBFur e THPLER ﬁvltﬁﬁeFEFﬁ RES
gernaniun}@ﬁhhﬂhmid@pﬁ@yegehaSnadéhfckmeasfobmabbmb iS@cthﬁbQBta%@@tA 11.

The emsondieal e, olal IS uherelns e, opoper hep Ll ghess o

about 1000 to about &°58n condictor
wher ei n thékiaﬂacqﬁ0fmw%wmahepoothyradhemenuumocooppenlhgsgasehlshn@ss of

about 100 t t 0 h i S
Sherei bt ol ne  uesd B8 TR A0y RO LEME BetnaBl ¥ e

senm conductfGit sinsfcanee ofeel Hi fir 1°RKeRE A/ £RE8, ﬁﬁ?erléﬂsﬁmoPFPeadherent to

copper is $r|éﬂlr£‘&ﬂs d:bf)xpﬂ@v1é5ngAapE@E> 8% §@Em5§bﬂé0§5y89 8nSenkCengpetor
structure whic ‘gg éses t he stgg provid g er mani n}contalnlng
“layer of at“3eddt WYHe nghber3sef Wé&aﬁrHﬁPPﬁe g?Sﬁgt&BHsP t FRGPSF copper
ger mani de, ggemmanidsn oxiickeevger nanchmanptrbedesahd noabpﬁaﬁemm&dtheme@f onto

ggogeaSt ong YUIAFe Ln2 SIAPEL TEHBEL1n8"dnR" QULALAG BcLAYEL o3l +&

provide the copper germanide layer only on the exposed
surfaces of the copper. On the other hand, employing the
reaction with the germane gas, the germanide is selectively

formed only on those surfaces where exposed copper exists.

The germanide forms in a relatively uniform and
reproducible manner, especially when compared to forming
copper silicide. Furthermore, the resistivity of copper
germanide is relatively low as compared to that of the
copper silicide. 1In particular, the resistivity of copper
germanide is about 5.5 p ohm cm at room temperature whereas
that for copper silicide is about 55 g ohm cm. Copper, on
the other hand, has a resistivity of about 2.2 g ohm cm or

lower.

Next, if desired, a layer of a poorly adherent materizl
5 such as silicon nitride or silicon dioxide can be
deposited on the copper germanide layer 3. In the case of
silicon nitride, it can be deposited by a well known plasma
‘ enhanced chemical vapor deposition process (PECVD). Such

process involves introducing a silicon-bearing gas species



12 of a mate-ial that does not ac=ere well to copper on the

ger mani ur--contai ning layer. 16. The process of claim 15 which conprises
provi di ng a germani unmtcontaining | ayer by selectively for rﬁ Bg %ﬂ
germani de on the copper nenber by flow ng gernane over the structure. 17.
The process of claim 16 wherein the gernane is at a tenperature of about
200 to about 450C. 18. The process of7cl aim 16 whi ch corrpri ses provi di ng a
gaseous conpogi tion qant aini g ahaqu t Q_.about er mane and

second gas sel ected from the gr 5ﬁp“r°(§’r?§} g ToF gr?‘ﬁ rséageechl ettt a%r gon,
and ni xt ur esmpheéreend /1e: riiher queocess wWie ¢lzdsanks \miaraelprilatdwm Other

ger mant WSRO LRLNG JuAel, % DTVt B LAV NG 4 AYBTiolo COPPELy

ger mani de on fhe cop Zin or'tion of the copper
ger mani de ﬁéldplt@\ﬂr@@témlayérh@llge?mn u@@ﬁm@lwgwwmmfgm aim

15 wherei ng E'&%ﬂe@ GKRAS RO Th G PRI UMLAHAT NiTi 'c?e‘r/%%sknesfgrpg#f v%kQQ to

about 1000 . The p=ocess of claim15 wherein the
ger mani um ESALEOH ﬁglqragﬂ@r jiss Wbl 5 n0 eshst 00 tRnpEratieH=pkess of

cl gl tmhl9I waBkeitn stdte Haayeioaf mm.ed Farge fnfEpd GLt‘yt g i%zADbGH ttalté%%rrx%ﬁm%e%gﬁﬁ A

an e |l ayer er nlum |e ou 0 ahbou,

2003 -13 2%’% f‘%@“%r& 549 of rﬁol%%aher&% REX ggsr eshi AR o B rﬁ‘kﬁ‘@u?ayer

conpri ses PROvVic ra@omtl amromfAcmmm« genrariymeeid e iricbmg all or a

port1 on O niRE1CAPRSI. QLN UNIRNE! 1) WOWR SR ABNIL! dfy 24. The
in the ou

process of claim?2 copper gernmaniumlayer_1s a
about 1000e]éry roms m]{% agjwﬁfarﬁiﬂntm e |7a%rA i igBoutor100 to

about | 000gA1tkigk. 25. The process of claim 15 wherein the

germani um containing |ayer is provided by providing a | ayer of copper
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germanide layer can be converted to germanium oxide and/or
germanium nitride 4 to provide further oxidation barrier
protecting the underlying copper. Fig. 2 illustrates
concerning a portion of the copper germanide layer; whereas,
Fig. 3 illustrates converting all of the copper germanide
layer. The copper germanide can be oxidized by employing an
oxygen-containing gas at temperatures of about 20 to about
400°C. Typically, the fiow rate of the oxygen-containing
gas would be about 5 to about 15 slm and the duration of the
process would be about 5 sec to several days. During the
oxidation process, the copper from the copper germanide will
be expelled back into the underlying copper member. The
copper germanide can be converted to germanium nitride by
reaction with a nitrogen-containing gas or plasma such as
ammonia oy nitrogen at e_evated temperatures of about 300 to

about 750°C.



26. The process of claim 15 wherein the copper nenber is copper or a copper
alloy. 27. The process of claim1l S wherein the copper nenber is about 1000
to about 20,000 A thick. 28. The process of claim15 vvherelg Jm

silicon nitride is about 100 to about 20,000 [err] thick Mess
of claim 15 wherein the material thatgdoes not adhere well to copper is
silicon nitride. 30. The process of claim15 wherein the material that does
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improvement in an edge delamination test but not in the stud
pull test. Edge delamination testing is described in
Shaffer et al, Edge Delamination Testing: A Method for
Measuring the Adhesion of Thin-Film Coatings in
Microelectronic Applications, Part 1: Numerical Analysis and
Preliminary Results, in Thin Films: Stresses and Mechanical
Properties IV, Materials Research Society Symposium
Proceedings, Vol. 308, 1993, published by Materials Research
Society, Pittsburgh, PA, USA, pp. 535-539. Reference to the
materials considered poorly adherent to copper or do not
adhere well to copper refers to those materials that
delaminate in the Edge delamination test at temperatures

above the temperature at which silicon fails in this test.

Procedures for forming germanium nitride can be found
in the Gmelins Handbuch der anorganishen Chemie. 8th
Edition, Vol. 45, p. 34 (Verlag Chernie, Stuttgart, 1961).
For example, exposure of germanium oxide to NH; at
temperatures from 700 to 750°C results in the formation of
Ge;N, .

The foregoing description of the invention illustrates
and describes the present invention. Additionally, the
disclosure shows and describes only the preferred
embodiments of the invention but, as mentioned above, it is
to be understood that the invention is capable of use in

various other combinations, modifications, and environments
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10
CLAIMS
What is claimed is:
1. A semiconductor structure comprising a copper

member located within a semiconductor device; a germanium-
containing layer of at least one member selected from the
group consisting of copper germanide, germanium oxide,
germanium nitride and combinations thereof, located on at
least one surface of the copper member; and a layer of a
material poorly adherent to copper located on the germanium-

containing layer.

2. The semiconductor structure of claim 1 wherein the

copper member 1is copper or a copper alloy.

3. The semiconductor structure of claim 1 wherein the

, germanium-containing layer comprises copper germanide.

4. The semiconductor structure of claim 1 wherein the

germanium-containing layer comprises germanium oxide.

5. The semiconductor structure of claim 1 wherein the

germanium-containing layer comprises germanium nitride.

6. The semiconductor structure of claim 1 wherein the
germanium-containing layer comprises a layer of copper

germanide and a layer of germanium oxide.

7. The semiconductor structure of claim 1 wherein the
germanium-containing layer contains a layer of copper

germanide and a layer of germanium nitride.



1011 . 4" 1098 () - - ) +r S4t 10% () - #10%' ()- 10(( 10((

10((1Y. 3" 10% (& ()-3S, mO% & ()-! 9F 10% (& ()-G 30 JAN 2003
FA<r SALY!I100& ()-11110% ()-11210% ()-!1 10% ()- @

109 () - Y3" 109" ()-4r P1, " 10%& ()-1#f 10%& ()- 10 10

10! . F"109%& ()--!'"110%& ()- FYWO0% ()-@rg\=,#9 109%& ()- 10 10 10 Y3"
"109& ()- 'Y3" "10%& ()- !'FZ"10%& ()-HAF" 109K () - Sb#, Y&&&&&} 0aS4! 109K () -Z
8 . The semiconductor structure of claim 1 wherein the

germanium-containing layer contains a layer of copper
germanide, a layer of germanium oxide and a layer of

germanium nitride.

9. The semiconductor structure of claim 1 wherein the
germanium-containing layer has a thickness of about 100 to
about 1000 A.

10. The semiconductor structure of claim 1 wherein the
germanium-containing layer has a thickness of about 150 to
about 400 A.

11. The semiconductor structure of claim 9 wherein the

copper has thickness of about 1000 to about 20,000 A.

12. The semiconductor structure of claim 9 wherein the
layer of material poorly adherent to copper has a thickness
of about 100 to about 20000 A.

13. The semiconductor structure of claim 1 wherein the

material poorly adherent to copper is silicon nitride.

14. The semiconductor structure of claim 1 wherein the

material poorly adherent to copper is silicon dioxide.

15. A process for fabricating a semiconductor
structure which comprises the steps of providing a
germanium-containing layer of at least one member selected
from the group consisting of copper germanide, germanium
oxide, germanium nitride and combinations thereof onto at

least one surface of a copper member; and providing a layer
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of a material tnat does not adhere well to copper on the

germaniur -containing layer.

16. The process of claiwr 15 which comprises providing
a germanium-containing layer by selectively forming copper
germanide on the copper member by flowing germane over the

structure.

17. The process of claim 16 wherein the germane is at
a temperature of about 200 to about 450°C.

18. The process of claim 16 which comprises providing
a gaseous composition containing about 0.05 to about 5% of
germane and a second gas selected from the group consisting

of nitrogen, helium, argon, and mixtures thereof.

19. The process of claim 15 wherein the germanium-
containing layer is provided by providing a layer of copper
germanide on the copper and then oxidizing all or a portion
of the copper germanide to provide a layer of germanium

oxide.

20. The process of claim 15 wherein the thickness of

the germanium-containing layer is about 100 to about 1000 A.

21. The process of claim 15 wherein the thickness of

the germanium-containing layer is about 150 to about 400 A.

22. The process of claim 19 wherein the layer of
copper germanids is about 100 to about 1000 A and the layer

of germanium oxide is about 100 to about 1000 A.
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the coper germanium to provide a layer of germanium oxide, and then nitriding a portion

of the copper oxide layer to provide germanium nitride.

26. The process of claim 15 wherein the copper member is copper or a copper alloy.
27. The process of claim 15 wherein the copper member is about 1000 to about
20,000 A thick.

28. The process of claim 15 wherein the layer of silicon nitride is about 100 to about
20,000 A thick.

29. The process of claim 15 wherein the material that does not adhere well to copper

is silicon nitride.

30. The process of claim 15 wherein the material that does not adhere well to copper

is silicon dioxide.
31. A semiconductor structure obtained by the process of claim 15.
32, The semiconductor structure of claim 1, wherein the gernamium-containing layer

is located on top of the copper member and the layer of the material poorly adherent to

copper is located on top of the germanium-containing layer.



