1 July 2005 METAL | ON DI FFUSI ON BARRI ER LAYERS [0001] This application
clainms the benefit of U S. Provisional Application No. 60/259,489 filed
January 3, 2001. 5 BACKGROUND OF THE | NVENTI ON [0002] Tradi i BHhad

mat eri al s such as anor phous hydrogenated silicon nitride (a-SIIN H) and
anor phous hydrogenated s have been inplemented in
the (F:)ont acty orgi nt er met @(fkﬁg&@wg@i%ﬁﬁwm uggd I n

sem conductor integrated circuit (1C) 10 fabrication to prevent thermal or
electrical field driven diffusion of interconnection netal wthin the

devi ce. Di [000L} oRhisepplication climsibe benefitiod U.S Progisionsl ApplivatomNar 60/250 489 e
of the deyj am;%g of t hese materials has been based on the known
properties of com ect rical isolation dielectrics such as SiQ2 and
sim | ard oxi de based reI ated materials to behave as poor barriers. Wth the
I ndustry requirenent to mnimi /7P the el ectr| cal resistance 15 capacitance
(RC) del ay associated with BACKGROUNDQF THEINVENTION, the af or ementi oned

bi d I l's..h t

S bl are, Tad0A) U TiafRndlS nbRERIENER bE A RATs hARRSARY S B GuSRHRD 1 °

i nt er connewtliapwrplaps bydrapermted Mﬁ]wiﬂﬁs(wmma) haafte rl}fe@ﬁ ahﬁsmxe?ea hﬁhfu%sn@ét a
e COh‘pOSI Ion O

Iowpermtt|V|t rial n alloy film having,

Si WCXOy Hz,° Mé@%‘?ﬁ" PF Feeﬁn%lg&ymed mﬁmpﬂdmoréntewmr&mt (Kas 20

such 38 CfabriNatio féatrr%i | el HAhRh -

board desi gns. ﬁihtecppr?tér?éﬁég%hﬂf; ﬁ%&d% mis ﬁ%ﬁ%&ﬂﬂ rat I on

of met al  voHhin herdswien Biffiesieme cmeﬂiilmﬂmsthbli@tre@ltem naene Edlure of th
erconn%{]ﬁgngl?wa?%l ectri | rqilgésta@gngfe reli ali'g;!)%{iy (é(ged t?) t he

CI rcuit by kngyym, BEMPuct or s

and | ow M@@ rraerlﬁ?ﬂ') ulatlg I a betw n the

conduct or $ %gq'ﬁﬁs"f‘%\?ﬁ 8‘5’8@'} Xide ﬁege PRAREALE Bn

rel ates t t avi great ey speed

oper at i onB%n refi ab| El-llétr€ g&%&ﬁm réﬁﬁ%ﬁg 3‘2"’ M fﬁﬁﬁ?"’%‘?‘%@%

st at el§levcapasitarico (RE}délay asmswbﬁm&hecﬁaﬂﬂn&&cﬁné&iﬂnﬁ%éﬂﬁéﬂ&ﬂﬁé&r i al .

The devi ces \glg%hl the g&ssubassenb are connect ed by nmetal wring forned
from con dearbi as these materials have equal to or higher dielectric

pemmittivity than SiO, and result in increased interconnection capacitance.

[0003] This invention relates to the use of a low permittivity material, an alloy film having
the composition of SiywC;OyH,, as an effective barrier against the diffusion of metal jons
- 20 such as Cu, Al etc. in multilevel metal integrated circuit and wiring board designs. The
function of the SiwCxOyHy, film is to stop the migration of metal ions between adjacent
~ conductors that are the device interconnections in the electrical circuit. The rehabﬂﬂy added
to the circuit by the SiyCyOyH,, film aflows the use of low resistance conductors\;ind low

\
N

dieleciric constant materials as insulation media between the conductors.
25
SUMMARY OF THE INVENTION ..
[0004] The present invention relates to an improved integrated circuit having greater speed
of operation and reliability. The circuit comprises a subassembly of solid state devices
. formed into a substrate made of a semiconducting material. The devices within the
30  subassembly are connected by metal wiring formed from conductive metals. A diffusion

barrier layer of an alloy film having the composition of SiwCxOyH, where w has a value of
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barrier layer of an alloy film having the conposition of Si WCXOyHZ where w

‘has .a value of 1 1 July 2005 10 to 33, preferably 18 to qua}%?g % X
has a value of 1 to 66, preferably 18 to 21 atomic percent, Y 094 val ue

ot ef et oy g R EHE Lo 20 kg oC b S valoB'S)1 o OB mrBtrabn 1§ © Bhaamicn con act

wi th PReeRey hbs a walueog 1 t 66 preRIMES tds HBRIOYPARIL hds AN 2.1 blefy © 1S

- provigg&%wiggtte%éa ed, Gi 'rqc.:qlg; conprised of a subassenbly of solli 4 state
“devi cBSF P sty & Fhde BT 10 stemio M6 iscnicoptactavitr tha metatet al

W I i ngi necting the solid state devices, and a diffusion barrier |ayer
formed on at least the netal wiring wherein said diffusion barrier layer is
an alloy filmhaving the conposition Si WCXOYH2 where w has a val ue of 10
to 33, x has a value of | to 66, y has a value of 1 to 66, z has a val ue
of 0.1 to 60,namm agpest sof+thy present iD@ntomniterd/isvpeseddd b nighateds tipasparri er

| i b hem iti f ti 1 Xt
Tover | SRS Phg g iopor, depes LLon Sl re P it ure
oxi de. |semicvdtiidtinganmessl, fletd gﬁﬁ% 6&%&&&@&1@%%& Rtatd H@ﬁgﬁsgﬁmp% &#e"{\;%%ea

met hod qof preventing mgrati metal Tons between adjacen |
i nt er co?ﬁi’@é‘if- il®tes formedrpneatdeast theanetal wicingtwheneiuisaig diffusibn bérrenfybyisampl yi ng

over at tihe. mesal . i I . gl sion barrier |ayer of an alloy film

havi ng t%@g1 ?é%p%& ‘[g%l% @W&g}ﬁ%&ﬁ@ -’*W?'ﬁ@swglaw?é‘l Y?é“‘?)f’sig to 3% BMas @ has a

val ue ofvaliietof 186 66y has a aaliglofi@ 16766z hes H0alud 0P B G2 LAE WS (Ly}+t20-=60, and
= 108 atonmic % wherein the diffusion barrier r(a er 1S

W+ Xty + oz, _ .
pr oduce(}(}éft%fmé’ho wehgremn \thg dliffapiqn bpariep daysr ia preducedyby gashemiciluvapor

.conpri sigeghsfi | < ipkng.silane. and a controll|ed ampunt of nitrous
oxi de. - SRzl BGRHKE B Dbl Blinealite- Aot MR Gnisfind Wak 0 b
- devi ce tontrodldd amiongt finitrowsaixidee t echnology. FIG 2 is a cross-section of a

device forned using damascene technology. 11 2 1 July 2005 % DETAI LED
DESCRI PTI ON [ 0005] This invention pertains to the use of alloy film having

the conposi t Omotfer aspect of the present invention, there is provided a method of preventing

~ migration of metal ions between adjacent device interconnections in an electrical circuit
having metal wiring by applying over at least the metal wiring a diffusion
barrier layer of an alloy film having the composition SiyCxOyH, where w has a value of 10
to 33, x has a value of 1 to 66, y has a value of 1 to 66, z has a value 0f 0.1 to 60, and w +
X +y+z =100 atomic % wherein the diffusion barrier layer is produced by a chemical
vapor deposition of a reactive gas mixture comprising a methyl-containing silane. and a
controlled amount of nitrous oxide. '

BRIEF DESCRIPTION OF THE DRAWINGS .
. FIG, 1 isa cross-section of a device formed using subtractive technology.
FIG 21s a cross-section of a device formed using damascene technology.




Si wWCXOyHz ("t SiwCXOyHz film') where w has a value of 10 to 33, preferably
18 to 20 atomc 9% x has a value of 1 to 66, preferably 18 to 21 atomc
percent, y has a value of 1 to 66, preferably 5 to 38 atonilcdW$20% z has a
value of 0.1 to 60, preferably 25 to 32 atomc % and wt x +y +z=100 '
atomc % The SIiwCXOyHZ filmis used to stop the mgration of netal atons
bet ween adj acent device interconnections in an electrical circuit. The
Si WCXOyHz . film also has a |ower dielectric permttivity than anorphous
hydr ogenated silicon nitrides (a- Si TT:H and anorphous hydrogenat ed
Silicon carbides (a-Si CH DEheIHEhESORIFTRAGM ttivity of the SiWCXOyHZ
fil m&@%b ‘noye than 50% | ower than these nitrides and carbides. This
| oved | oyenerperiaingite fheuse of allay filsdbaving the wapesititeof e associ at ed
Wt het i.at &r.co i ons, The SiwCXOyHZ film al so has a | ower .
per nﬁwhﬁ%?x@z @ﬁ&«ﬁgﬁﬁz glilfic"ﬁﬁﬂheremélﬂ&a delue of HO s, (preferably I8rte20mtdnig net al -
di.ff gsi t teri IS, a,sujtable interdielectric itself. As a
~ tlg?’i’é)n%siao °r‘r’%af£°r€éa|l’f?§f9%fﬁ haemicipsreent, vthes agalexOy k2 66,i | m
- si nppiefferablylsGo 38 ktdrartY LRk f tiple,interlayer
mat eirji al s |yn an i nt]ﬁé?rré?g(li Q)hiag%:‘,?tulggir‘\b'g g?]gg&r@%g%ﬂ}r %Eon'lfﬂeﬁﬂ’%éqg%r @de

agai net Mok ar Gl Fueron.” he: RAQUEEM B uicd s PRk BaedoftdlC, T

agai nst netal diffusion, the need arriers
us e tutafhs abdift .al .itself is elinmpated, fiuther
si mpl | fy?ﬁg%%%gi cat P%ﬁ%#%%%%ﬁ’é%ﬂé%?ﬁg@%%@ﬁ%ﬁmﬁﬁwe

el i ralsohaslower diklei: | to,the. co r gconduct ors.
"Fina these T egl%‘lgETa Ea?%&%%ﬁgﬁwﬁ%%@ :{flﬁ;ﬁutn@%ﬁﬁs ((Cahe | owest

||
" es iR and amarphovstliydrogenatedeilisbn éatbidec@ISIESH). OThe a@ﬁc&ia@efmﬁﬁﬁqj nation
‘creates the opportunity to reduce interconnection resistivity. Thus it can
~ be OfsheinCxRsH; film cambe ene thani 5086 oivet tian [Re hitidyartQafbide WEKOy HZ
filgral lcﬁ t.he manufacture of extrenely |ow RC del ay interconnections by
el i HYWHeR f eemaivitydielps tgivediee Hietnpatitaycedassbeiated ivdthithé ns and hi gh
" resistivity netal-based barrier netals. This will result in an inprovenent
i n {percgyRcHons. pkherSiwfaPgH, Slmtislagthas pdewkr denbittivity Gen SiOsBIns. 5 [ 00061 The
integrated circuit subassenblies used in the process of this invention are
not ~1E4& ‘?rP:claFd‘glﬁen tepreventingmolal diffusion, thevmateriahist dwiitable isterdiedéctie oduced
comereially ate useful herein. FIG | represents a circuit assenbly
prouﬁégd&’b?ﬁé" B - @%ﬂmwﬁmm@wn@mswwzﬁmMpm is used a

| ayfd i‘h?)ilcgﬁc{ﬂ bggehju?ingtriggd tkén%?xgeé‘ Po(; équj?le til:t]teerlz;My.elr- chng.%etia?s i(;z?:\rlleizrltgx('jmetal

isolation scheme, and thus reduces IC manufacturing costs Since the SiyCxOyH, film
- material is a barrier against metal diffusion, the need for the metal-based diffusion barriers

used adjacent to the cond_uctor metal itselfis e]iminated, further simplifying fabrication and
reducing costs. An example would be the elimination of Ti or Ta based layers adjacent to the

~ copper conductors. Finally, these Ti and Ta based layers also present limits to the lowest

~ Tesistivity attainable in a metal interconnection, and their elimination creates the opportunity

to reduce interconneotion resistivity. Thus it can be claimed that the inplementation of the
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"with the interlayer materials. FIG 2 represents a circuit assenbly
produced usi ng danmascene 10 technol ogy. Wien damascene technol ogy i s used,
the wiring is applied into trenches after the interlayer di1e4ué/c¥qq503 are
deposited and the trenches used to isolate the wiring have been forned.

- [0007] Ths. %ﬁf s used to produce such circuits are also known and not

critical Pb Zi%ﬁ%%'fﬂpf warthe maawfactureof sktremely low REidelay ttarcermostionsbypr i si ng
a sem congﬂﬁﬁg. suhstrate ., .15 siljcon,_galliumarsenide, etc.) having
an epitaxral %% eé‘F"éﬁ#‘i’rﬁé‘r GHRitRy die diling end Bighresigivigypesplrbaget| y

doped to batien tbtelsPNhisuRL ekt TGRiiRRoweh e&-ﬁll‘%ﬁf CléniSh sl d
state deyice regions of the circui ? T gggingg{‘%e, evqrglgn‘?ee%ﬁhéﬁg@&ﬁé
di odes antHegFHedGEEs.s which formthe integrated circuit when

appr oy i i ed.bv. metal,.w ri ayers. FIG .1 depicts such a
circu ?t :ﬁ}gggs e’%ﬁ%&%éﬁ%tﬁﬁ?@@‘?séﬁ?‘g%? é§°c&?$d’ftﬂﬁﬁ HveREoR #e ngt
Wi ring 2Coritiehl andineadpaneahichGrd BRwIEN &l.gﬁh ﬁm?&?iah
circuit ﬁggqen&léil) havi ng . devi ce retgti?%rtlgﬁ%/%ﬁgn t%%)n [ mi\n&%i ng (3)
i nt eL conn¥&EHp- é Wﬂ@@s@cﬂtwﬁmb&e{oﬂpﬁwﬂihﬁ subtractive techrleldgy.oWhen| i mi t ed
to the a ilm.in these t spructures.
- A ternat W&E%ﬂ%&%ﬁ%ﬁ%’%ﬁ%@@mﬁﬂwﬁe&ﬂ!&%&qsicevera@ai nst
- metai i orwithithé interlayer inaterialy. IRIGEY fapb@Ents ialchrdiit ad¥BY; b&efe 25

'[000?6r Thehnnglgeri%egsed for the fr;.ga_IIIV\/i ring jayq?g!@%%d#%gtdggﬁ%gﬂ?ong
as itV sr,T;a" Rty iben dasmagcsne tepinologst isiused, ithawyiring jeapplied intn tregeles affercthe c ui t
subasse ﬂn% ref iRl g8 £ I ' ] co .
i Additional Iy, t heI net a@ﬂ%?ﬁ%%%@g@éﬁg%@%ﬁ gw&b%ﬂ‘ggﬁ;ﬂé’ﬁb&%
super confiuoiedr s and other. [00091 Methods for depositing the metal |ayers
are kno o0, t art. The ecific nmethod .30 utilized is not critical. . _‘
Exanpl e\é\fbcgf‘ﬁls u?ﬁ%%‘ﬁ?g%%@ﬁﬂem&@w CHERitsg alse knowa ped nofepidicelito the  (PVD)
.t echni quasrestiti bR eiréd ' uly 2005
 [0010] A SRS SR AN ot Bpkd AARE LUA A e Y 00T

:j ayel® antilipory gallium asepide, mg}hamg\ghepmmﬁj i tlaj;r'gmmt _mmo_t ﬂj']rf]‘ﬁiylsﬁmﬁglﬁ]y@rishe

evi ce. evice is ysi ng, subtractive technol ogy,  the
S Wqﬁﬁfﬁg%ﬁfﬁ?f ﬁ%ng%ynamh el pe, idteone
Wi ring Sid eTPER : VALY . yers.
‘Wen the_device is for_rre%l usi ng daerr%ger?gﬂ?%%tﬁn%f%gy, %@ﬁ%ﬁ&%ﬁfi Imis
appl i ed %opm the integrated circuit when appropriately interconnected by metal wiring layers. FIG. 1

| depicts such a circuit subassembly (1) having device regions (2) and thin film metal wiring

20 (3)interconnecting the devices, FIG 2 depicts an alternate circuit assembly (1) having

device regions (2) and thin film wiring (3) interconnecting the devices. This invention is not

D intended to be limited to the application of the SiwCxOyHy film in these two tructures,

Alternative s‘trucwres where the SiyCxOyH, film provides a barrier against met-.‘él_‘ion .
diffusion in the integrated cfrcuit may also be used herein. \

25 '[0008]‘ The material used for the metal wiring layer is not limited so longasitisa A -
conductive mgtal. The metal wiring' layers on integrated circuit subassemblies are gem;ially
thin films of aluminum or copper. Additionally, the metal wiring layers can be silver, goik_l,-
alloys, superconductors and other. “
[0009] Methods for depositing the metal layers are known in the art. The specific method

.30 wutilized is not critical. Examples of such processes include various physical vapor deposition

(PVD) techniques such as sputtering and electron beam evaporation.




the'trenches before the formation of the interconnect and netal wiring. A
SIwCXOyliz film may then be applied over any renaini ng exposed surfaces of
the metal wiring. Alternatively the SiwOyHz filmmay be apﬁHUB’deﬁder t he
metal wiring |layer, for exanple as exenplified by layer (4) in FIGS. |
and. [0010N tAeBipdhOu8l; yfilmi it formedontiethat i catadth ahe mieel sHhgllset eadi vel y 10

apply the SiwCxOQyHz filmon just the wiring by, for exanple, nmasking or one
coul Brotemis thoseregions whereguettbions camdiffosewisthintthadevice. Wisen the degicszer € t he
Si wC filmwas not desired. The SiwCXOyHz filmcan be used in
conj SaingiselpiractiveechnalogyithmSidhxOyBl, filmtie applies ovepthe wixingpRer the he
wring.may be.partially covered with a traditional barter netal and then -
Uhe ablication ?ﬁﬁmﬁi@? dgxice bytbefarehe spnlicatia efanwathertinterlayets [ 0011]
- et S | Wi Si,WCXOyHZ filmare not critical to_the invention and

ny WA s Frs it S5RE dafpstent uShepiog, e Sishid kb Biowis spnibedice. a

e

variéte"-. of . chem. cal vapor déﬁ)po'sition t echni ques such as conventional CVD,

phot %@W@Pe&@@ﬁfmwmf : insireanmect apd maetelovirioge i Bi/C oy Bhyfilteposi t i on

(PECVD):;, el.ectron cycl otron,resonance (ECR),&et vapor deposition, etc.
oldon

- and &8 ﬂ}%#ﬁm&;ﬂ%&m&nﬁ% cHRq5ed surfases metalswiringc A bgmaively
Csputt et ng, tron beam.evapqration, etc. These processes involve either
t he @%&F‘;‘?@%%eﬁ%wagw Q@HE‘%%WW@WIthme¢thﬁ&éori zed
speg 3 ol i fed reacti.qn or the focusing of energy on a solid
sanp%?%%r‘@ﬁgﬁé&f‘éﬁ#&mv % 4 epBemplind i s seleRuayy « he
I WC b T | i e t he t hod di sclosed.in U S. Patent
1 PR e S0 Bl Hil st bR, 160l Eoikimeu g soMgisBR, coni ng )
Cor por.atio herej n ing&gporat ed by reference for its teaching of how
to 5'%%@?&?@@#&“& ¢ aveas whereithgy SiwtaQybly, filmnwasnetaledysd il ms are
produced froma reactive gas m xture conprising a nethyl-containing silane
and The SiwGefeyHpiiloy can én conjuimtion watht kmowinndjffusioh dagter nitaéridf Fobe used

i ncl ude net hyl sil ane (CH3Si H3), dinethylsilane ((CH3)2Si H2),
- tri SEAmDlesthe Midng meyibs patilly savered mithrartaditionial barrief £Et48 hddSthen thiy ef er abl y

trinethylsilane. A4 1 July 2005 controlled anount of oxygen is present in
ther%é@gtwwr%@?ﬁﬂ@%ggm%ﬁyﬂz@lﬂnont roll ed by the type of oxygen.
frovi ding gas used, or by t he anount of oxygen providing gas that is used.
17f {01y @fapplyingrSig€a0,Hp filth erciep osititdl oo ded iav&aiontandithir§ e 0Xi de
film wth a stoichionetry close to SiQ2 will be produced. |If not enough
oxykRawn i1 oe a¥ dixanples af@pplicable methods include a variety of chemical vapor
deposition techniques such as conventional CVD, photochemical vapor deposition, plasma
enhanced chemical vapor deposition (PECVD), electron cyclotron resonance (ECR), jet
vapor deposition, etc. and a variety of physical vapor deposition techniques such as
20" sputtering, electron beam evaporation, etc. These processes involve either the addition of )
energy (in the form of heat, plasma, etc.) to a vaporized species to cause the desired reaction
or the focusing of energy on a solid sample of the material to cause its deposition.
| ' [0012] Preferably the SiwCxOyH;, film is applied by the method disclosed in U.S. Patent
Application No. 09/086811, filed May 29, 1998, and assigned to Dow Corning Corporation,

25 herein incorporated by reference for its teaching of how to form SiCxOyH,, films.

- According to this method, the SiwCxOyH films are produced from a reactive gas mixture
comprising a methyl-containing silane and an oxygen providing gas. Methyl-containing
silanes that may be used include methylsilane (CH3SiH3), dimethylsilane ((CH3),SiHp), -

trimethylsilane ((CH3)3SiH) and tetramethylsilane ((CH3)481), preferably trimethylsilane. A




5 deposition chanber a silicon carbide filmw th a stoichionetry close to
SiCwll be produced. Under either of these scenarios the ﬂe E@g
properties in the filmwll not be achieved Oxygen providi g'%’lj 3

i nclude, but are not limted to air; ozone, oxygen, nitrous oxide and .
nitric oxicostrollededrruabbfioxyigth Qi ifeseni itldhe d&jRsHioR CRAMBér. ThY 885 RY B NY gas
I's typically | i»,y han 5 _vol ume parts oxygen providing gas” per Vol une part
of net hyl cnfpqliza gPr 8 eXygep.PEOVIding gas dsed o byrthe pguit of 9xHged Iroviding

- parts of @xiHeiis REQ I181dm iy : = L2l Ni Ne. Skl ane.
One skilled in the L i o iEn K r%%%ﬁ%’%@%%%%@%%&ﬁ@eﬁm
oxygen pr SVthdi sigjcljametnshuse tmSidyewillmeproduced y Ifatot praunghdixngergis praat ih e
deposition conditions to produce a filmhave a conposition of SiwCXOyHz
wher e v héepositipa|chamber aisilican cagide flne tithatstyickiBmety 2lbsatoSiCowilh boprodsced,

15 66, pr Spldt e & GisRsB8iabotthe Goeatobeics i ol ok nofhe sebieged . .
pref er abl Ouwpfenraotiding!damtsintiuda b 6 st Hifodtoaif b bRV, b @0dlomnd I

conventional chem cal vapor deposition, the coating Is cgepo

" a  streanBic Q3ide, praferably pitrews oxid. Thesmwunt ef oxyghe providisg gt is stpicaliWiess t he
. f t h t dd It th
Loat i ng. " aBE8 Ftm A Ch vt Iord e BE valtyd it BT e oo ssn e

| “byﬁii'ﬁf Rt ek e °£@§%?§Fé%@ﬁi@é%§%@%3€%@s%ﬁosﬁ%%ﬁ by f or e
the advant soeftoBrodied aTHRkS b ColialiFortof SO DLOLEE MR PSR St BERO R

can be usdfbrefordbly 18 tAPO Bionfie!vs kil Svaﬁgafrf\glqsgﬁrggécrﬁﬁg%&o 2Pafoni{p tO about

600 are finctional. [0015] The pl asma use rocesses can

conpi? se Pehtgy bava value of 1 én6 preferably)s w38 atomicc¥sind udias a vaknk of 011ito 60,

di scharg , r 16, fialds in the 1.o-f.reguency or 30 m crowave
range, Igsers lg?%ﬁ??iggﬁq’émbfé’a@w%&ﬂ?é’ﬁ'yﬁg‘?%ff’m% in nost plasma
deposi ti §0013pr & easestibmal chemisslovagbr depdhifioh, tREIBGRRY if E'fgd%%s b or
mcrom%&@}lo G-z), energy atprmdegrgat eﬁ’power dens‘ilt?)ioels ( .1-%{55
wat t s/ cnP§© ¢ fesirednreqursoy gases pvergdweted sibstrate. When the presursorgasesr e

gener al | Yorkgbh W 1A stufade] the) Tt kit epHRP AR Bthe’ SS9 RTBRLANESS therange
20 ofabout 100-1000° C are sufficient to form these coatings in several minutes to several
| hours, depending on the precursors and the thickness of the coating desired. If desired,
) | reactive metals can be used in such a process to facﬂltaie deposiﬁoﬁ.
[0014] In PECVD, the desired precursor gases are reacted by passing them t]i'rpugh a
plasma field. The reactive species thereby formed are then focused at the substraéé— where
25 they readily adhere. Generally, the advantage of this process over CVD is that lower-substrate
temperature can be used. For instance, substrate temperatures of about 50° C up to about 600°
C are functional. ,
[0015] ~The plasma used in such processes can comprise energy derived from a variety Qf
sources such as electric discharges, electromagnetic fields in the radio-frequency or
30  microwave range, lasers or particle beams. Generally preferred in most pIasnia deposition
processes is the use of radio frequency (10 kHz-102 MHz) or microwave (0.1-10 GHz)
energy at moderate power densities (0.1-5 watts/cm2). The specific frequency, power and |

pressure, however, are generally tailored to the precursor gases and the equipment used.
5 o




1 July 2005 [0016] O her precursors known in the art for formng Si wCxOyHz
films maybe used herein. The precursor may be a single conpound that
provides the Si, C, 0, and H elenments or the precursor, fof Jelya489be, a

met h)s/‘lpeisél i cone. O themgr ecursor can be a mxture of conpounds to provide
t he 4001@ Othanprepuzsbrsimows,in flerareforfphing Si @gﬂ%.H YhsebeQlse@xygen 5 (. e
02, Q3, H2X2, N20, etc.ij and an organic cgorrp‘%un (1.e. met hang; or a

met hyleleiBo hRAPIRPHEORMRAY he 2 singlecampound that providsenheSi, deegmdEdRaye. The

~pref 'ﬂ%ﬁ§gﬁﬁgﬂ ] Si Hz filmis th | h d
(F:)Lgm%(%a' apor g@%%ﬁ%@;pg}%&yﬁ ?ﬁﬁ%‘im? BFPé’I‘lWr‘?f 1|3P§N€9 aeF%Ggl;]rg%Tﬁg ?lnerns
used chmpeimstapravidoths Si T,ay uSEH e Ef&&ééahg% e, Hladd Q%\ﬂrggg%é{yggﬁr s by 10

sgin-on or other |iquid depositions techniques. gaﬁ05| d
s | s &g poatONNAC) ety amdtdnas, egﬁwadn;ﬁfuhar(i.aﬁﬂéth&fePJ &%:ﬁ&ﬂ;gbe used to
produced the formng SiwCkOyHz filnms. [0018] The 1nms used herein have

the cemjainivgdlpnesnta salnbyof deygbnanddserilBdGBove WS preférRAn@hoBore Of 10 to
33, preferably 18 to 20 atomc % x has a value of°1 to 66, preferably 18
to 2forgy Sée%@yﬂzﬁhﬁm@ealmamhmm&mﬁﬂvapbﬁ&@oﬁiﬁoﬂo?l to 38 atomc
%and z has a 15 value of 0.1 to 60, preferably 25 to 32 atomc % and wt

x + trimethylsidheatidtnNg0% O her el enents, such as fluorine (F), can be
introduced into the filmso long as these elenments do not change the

e Pk Tl omidmein caseled b podhtcdy dpReRo U AR SARAEEIT] 1o oLl
]1 n sﬁp#g PR oF 3%85%@&9@8%%51“@55 rPrgrBosilesanesant silshstiioxees whithdi el ectri c
e Rieh oI g At & i e o oo duscdiioe Saming BhwlCuyfl w0 o0 T egi o
S wllESSE, " SR sed Reapll ReyBne Son e rerpariad o e dbianalt BhCaOgiabare ot al ¢ o
Can ho tormed no. GeosFy paaed s (020 adnle o5 £hatk e of {15 S BHIRHEN g | 5 o5

gggd\%ﬁe r?i Gtosue perssniy hex oyelueof [ e 66, Préferabl 03k &s38 aomie% @Hodagd naNYy tines -
50 O O B S0 b 1y
Totel g A SN G i oaktel D U MRN8 Mg ol Mg oI B e sane
as Pﬂ%‘\flﬂaf}%%%fs %b&@%mer monettiepotthe filns S '
[0019] The devices formed herein are typically multilayer devices, however, the
SiwCxOyHj films can be used in single layer devices, Other materials such as tradifional
20 . dielectric materials may be applied on top of the SiwCyOyHg film. FIG. 1 shows sucil a
second metal wiring layer (7) which is interconnected with selected regions of the first layer | )
of w'ixingby interconnects (6). Again, however, a SiwCxOyH,, film should be deposited
between the dielectric and the metal to prevent diffusion of the metal iato the dielectric. This

SiwCxOyH,, film can be formed as described above. In such a mannet, the metal wiring is

25 sandwiched between SiwCxOyH,, films. This process can be repeated many times for the
various layers of metallization within a circuit.
[0020] Tt should also be noted that this technology can be applied to the wiring boards onto
which the abovq circuits are mounted. The structure of the metal witing and SiwCyxOyH,

films on these wiring boards would be the same as that described above. Additional uses

30  include covering metals where diffusion of the metal into another layer would be undesirable.
. 6




30 include covering netals where diffusion of the netal into another |ayer
woul d be undesirable: 6 1 July 2005 In FIGS. | and 2 the layers can be
described as follows: 1 is the circuit assenbly. This can bd quﬁrcuit
assenbly known in the art. 2 is the device regi ons. Device regions are
known in the att su | zed herei 0 3is afirst netal wring
| ayer. Met hods’i‘?}éﬁ'%rdc}arﬂ%i‘ ﬁﬁ'scﬁlsf’aﬁ %Bg RHEMO™Eh the art  and

sunmari zed her @mne@ﬁ@meass&hslyrm cafi el dng cirddit hiseh®lyBibwn i@kt Onduct i ve
metal as described previously herein. 4 I's a barrier. The barrier (4) may
be a Si wCxOyHz24s thadeyicaregionsi Revice regiens dre knsvmvaxibe et and swmwariredimseior
nor e barrh&; materials such as a SICH a-SiNH a-SiCN.H 10 barrier

met al s (Le. ‘?‘a Ti) and other known barrier materials. Typically, .when a
conbi nAati on slmﬁﬁametﬂmiﬁghymal Meitods fadorming noaileririap srecimosn iditlid @ ent
parts of the wring. Prefe abl arrler | ayer aS| XQyHz film as
descri bed : gve- igbé’ ﬁ“’é‘idé e @ial A8 e d

chem cal H@ﬁgﬁg@éﬁwggﬁg% trimethylsi I ane wi t h N20. 4( a) i's also a

~barrier layer erein. 4(a) is represented in FIG 2 only. 15

5is afirst i pieibae THeUaltdri(d Jwasﬂﬁéﬂwbﬂ%ﬁﬁm&dﬁ%tﬁ@

produced fromany known interlayer materi Such as silicon oxides

Silicon ool e, v SALD YR Rr Rl 00 ch B LISER0 o s‘iﬁfgg‘)gﬂ,ﬁm de,

OX)/I’II'[I’IdEév COI’] car OI’]I'[II’I orga ’IIC terl

elgc&((r% PA%W&%I ('%13&?1{?931%{ e m?@ﬁe{aye[&%}é 'Eﬁﬁ&ﬂ?‘ can %e @ﬁ‘ﬂ‘g%’”omz

‘T) | m des oofibamitr mesteviabs B3Gsed; thdlﬁatbﬂala icever|different phisis of the winiago Prdféreblythejue
eatures of using SIiwWCxOyHz film The SiwCXOyHZ film when applied in
“t hi cknes ssrieréyer is @Si, GOy, filmas degraibed hetejn. f Pefargbly e sproduced by theen

the metal wiring can also function as the dielectric material. This is due

to the | gyasntli @lheededichemivabiapot depositionwl tesbmiyisHbiewith No0.s material. 6 is
t'he i nterconnect. The interconnect (6) connecis a first layer of netal

wiring with 2fakisakoartduia)syer ardabribed hergin, e is repﬂafsaﬁahmﬂ(i @)onipay be
wriAg 7T S iesaur GAlocR. e oiaeleyer AIoGic oo HAPTORS SPERE ( 7)
may be magdewhifBHayer material such as silicon oxides, silicon carb:de, silicon oxycarbides, silicon
nitrides, silicon oxynitrides, silicon carbonitirides, organic materials such as polyimide,
epoxy, PARYLENE™, SiLK®, those produced from hydrogen silsesquioxane (FOx®,
XLK™). Additionally, the interlayer dielectric can be the SiyCxOyH; film described herein °

20  asthe barrier layer. This is one of the unique features of using SiwCyOyH, film. The

) 7 | SiWCxOsz film when applied in thicknesses sufficient to at least partially ﬁllm the gaps of
between the metal wiring can also function as the dielectric material. This is dué"tp the low
dielectric constant and low resistivity of this material. Y

6 is the interconnect. The interconnect (6) connects a first layer of metal wiring with

25 ' asecond layer metal wiring. The interconnect (6) may be formed from the same or different

conductive metal as used in the metal wiring. | 3

7 is a second layer of metal wiring. This second metal wiring (7) may be made from
the same or different conductive metal as the first metal wiring layer.

9 is a second interlayer dielectric. The second interlayer dielectric (9) can be the same

30 . ordifferent from the first interlayer dielectric (5)




the sanme or different conductive netal as the first netal wring layer. 9
- is a second interlayer dielectric. The second interlayer dielectric (9) can
be the sanme 30 or different fromthe fast interlayer diel edtdhyc2qQ0s) 7 - -
--------------------------- 1 July 2005 10 is an etch stop (FIG 2).

This | ayer lﬂss%lmﬂ:hgdp(HG&)G\EmlthBseplﬂhdﬁgpmmtthabmhmgtmﬂmuers when

by 1 nt Wet R S o SR Lot B Pt Wikt  dfvier et o o

I mi teyltheadagmeccnesechaslogy t hese | ayers only. 5 Addi ti onal |ayers that
affecémhgf | anar azat i on, _passi vi ation, protection or operation of the

devi ¢ IBY‘H’EBn {shob intepdedrie be dimited g0 de«wiﬂz@mg tllmzl&]ersmdyf ol | owi ng .

Tor e eSO ISR TRt el kAo bl A Bl on PRl o

dermr!b;m@tma;tbmfmlmp«bmﬁnomrthaﬂeﬁaes)xi di zed organosil ane th| n film haV| ng -
excell ent diffusion barrier properties and | ow k val ue. These exanpl es were
undert aken using a chemni cal -vapor deposition chanber, "DxZ" which included
a solid state RF matching unit \MW hanber process kit manufactured
by Applied Materials, Inc. 15 Exanplé F§024] An oxidized trinethylsilane

Cfil m[ﬂﬂ%l]de'ﬂnmfoﬂemngmondnﬁlnngmlxampleb efdprovided sethaPonekaNiEh the 8% flaye of 8.7

- Jprr _and t ratusre .370C from whi ch reactive gases were flown into the
'I@act’%‘? q“@?@{mqrﬁ*eﬂ’é’( Bi | ane, (CH3)3SiH, at 210 seem Helium He, at

ggg 21 s f%{r%q?ﬁ% ggék%[ﬁgt ri %n??%ﬁ%ov%\gﬁ%égl %%@%%&g%ﬁ(\f@ﬁnf@@qhggg;d

goweﬁh@l vmwrlage}llanamgpn bamargmmesmmmmdl&drh@ga@m §9 e ed g
epo The oxidized tripet si L ang np ad a refragtive in ex o
1 5o Sty e £ R hRRReR & DAL T Bbidpd pentia eteor i Ly of
2% REmbeBingualt Qﬁﬂi;dnﬁ a chamber process kit manufactured by Applied Materials, Inc.
15 = Examplel.

[0024] An oxidized trimethylsilane film was deposited on an 8-inch silicon wafer at a

chamber pressure of 8.7 Torr and temperature of 370°C from which reactive gases were

flown into the reactor as follows:

Trimethylsilane, (CHy)sSil, at 210 scom

Helium,_ He, at 600 scem
Carbon Dioxide, CO,, at 165 sccm

20  The substrate was positioned 435 mils from the gas distribution showerhead and 585W of
high frequency power (13.56MHz) was applied to the showerhead for plasma-enhanced
dcposi’;ion, The oxidiied_ trimethylsilane material had a refractive index of 1.88, was
deposited at a rate of 1467A/min with across wafer uniformity of 2%, and had dielectric
constant of 4.5.

25  Example 2,

[0025] An oxidized trimethylsilane film was deposited on an 8-inch silicon wafer at a
chamber pressure of 7 Torr and a temperature of 370°C from wmch reactive gases were flown
~ into the reactor as follows:




constant of 4.5. 25 Exanple 2. [0025] An oxidized trinethylsilane filmwas
deposited on an 8-inch silicon wafer at a chanber pressure of 7 Torr and a
. tenmperature of 370C from which reactive gases were flown i A% 205 eact or
as follows: 8 1 July 2005 Tr| rret hyIS|Iane (CHB)BSl H, at 350 scan Helium
~He, at 300 scon Nitrous—ox : : v ate was
positioned 300 mils fror’ﬁririmhgaiand;(ﬁHg)ﬁmH,an s?ﬁﬂ/ﬁé"ﬁﬁead and 800W of

hi gh-frequency power (13.56Miz) was applied to the showerhead for

pl asma- enhanced deposi Helinm, Heeatoxi di zed tri me3Mldeem| ane nmaterial had a
refractive index of 1.46, was 5 deposited at a e of 14080A/mn with
across wafer unlformtyl‘E frogoxidadNddtdi el ect r S@¥nst ant of 2.6. Exam| p
a’3. [0026] An oxidi zed-twinethylsilane filmuas . depasited-on an 8-inch
silicon wafers at a chanber pressure of 6 Ton and a terrperature of 370C

ot I AR P B N .

Oxi de, N2@j a&eq&aﬁbysmfertimsm W@pmat@ﬁmmbwa&da&ﬂ@pmhﬁ-ehhmmdhe gas
di stribution shower head, and, 625W of hi gh- frequ ncy, power g13 56MHz) pl us
95W of | ofendsiigne hegomdized tri ﬂs%nemﬁe aobackve Ides RERAB WY 1 or

Terract varRene AaRap of 400 s RHCLARS v éﬁﬁ%@”’@‘ﬁg@%@% © aor oss

waf er uncdmstant §2.6f 5% and had dielectric constant of 2.5. Exanple 4.
[ 0027] -An_oxXi ai éEd trimethylsilane filmwas deposited on an 8-inch silicon
waf er at er pressure of 8.7 Torr and a tenperature of 370C from

ﬂ“ ch-reagjoa¥P BALRRING tBmethylsilane film was deposited on an 8-inch silicon wafers at a
chamber pressure of 6 Torr and a temperature of 370°C from which reactive gases were flown
.10 into the reactor as follows:

Trimethylsilane, (CHs)sSiH, at 350 scom

“Helium, H, at 300 scom
Nitrous Oxide, Ny O, at 820 sccm

The substrate was positioned 400 mils from the gas distribution showerhead and 625W of
high-frequency power (13.56MHz) plus 95W of low-frequency power (350KHz) was applied
to the showerhead for plasma-enhanced deposition. The oxidized Trimethylsilane material
D 15 . had arefractive index of 1.44, was deposited at a rate of 16438A/min with aeross wafer
uniformity of 5%, and had dielectric constant of 2.5.
Exampled. |
-J0027] An oxidized trimethylsilane film was deposited on an 8-inch silicon wafer z\i‘t_a
chamber pressure of 8.7 Torr and a temperature of 370°C from which reactive gases Vt;ére
20  flown into the reactor as follows:
Trimethylsilane, (CH3)3SH, at 210 scom R
Helium, He, at 600 sccm '
Oxygen, 02, at 100 sccm

The substrate was positioned 435 mils from the gas distribution showerhead and 700W of

9




20 flown into the reactor as follows: Trinethylsilane, (CH3)3SiH at 210
score Helium He, at 600 seem Oxygen, 02, at 100 seem The substrate was
positioned 435 mls fromthe gas distribution showerhead and YOO 9 1

- July 20 high fre r (13. was .a ied to the showerhead
f or ﬁ&g%ﬁﬂwﬁg%ﬁfﬁgg%ﬁ%ﬁs gﬁﬁ@gg%%ﬂef%m?ﬂ@“ erial had
a 1 ef acpobitive, THORIARE] Fifldthyl¥@he BBIA 108 d réfradtive MdRxQF 196044 M n with

- across wafer uniformty of 4% and had a dielectric constant of 2.6. 5
Ex anpapositod 2R 28 ORA96SA tin et actons sTefersinifomaity of #évend bshodielectticon an
8-i n%gw%mfer at a chanber pressure of 8.7 Torr and a tenperature
of 3 0 1ich reactive gases were flown into the reactor as follows:-
Trs neftehde bane, (CH3) 3Si K at 200 sccm Helium He, at 800 sccm Nitrous

Oxide, N20O at 100 seem Nitrogen, N2 at 200 score ) 10 The substrate was
posi t0B28d Arsxidized trimsthyisilane film avas deposites on anSdneh silieen wafer 885W of

hi gh-ft po S ' 0 e.5h rhead for
pl as H%Wdé%g %&%ﬁ%%@a’é?%%ﬂﬁeﬁ%ﬁg‘ﬂc YeRRt e TAr had a
r ef r atgvinvinto theesachdr ak-fOfowsyas deposited at a rate of 2058A/min with across
wafer uni-formity of—6.5% and had.a dielectric constant of 3.4. 15 Exanple
6. .[0029} An oxi di?ﬁﬁeﬁgisﬂﬂﬁdn@ﬁhhsﬁgafti | Z0@sscleposi t ed on an 8-inch
silicon wafer at a__chanber pressure of 8.7 Torr and a tenperature of 370C
from which 1 eactiveHgagedsyate flown into 1809 ségactor as follows: ) -
Trinmethyl sil'ane, (CH3)3S1 at 200 seem Hel i unb He, at 800 scan

Nitrous Oxide, NoO at 100 scem

Nitrogen, N7 at 200 scem

10 The substrate was poéitioned 435 mils from the gas distribution showerhead and 585W of
high-frequency power (13.56MHz) was applied to the showerhead for plésma-enhanced
deposition. The oxidized trimethylsilane material had a refractive index of 1.59, was
deposited at a rate of 2058 A/min with across wafer uniformity of 6.5%, and had a dielectric
constant of 3.4. '
15 Example 6.
10029]  An oxidized trimethylsilane filin was deposited on an 8-inch silicon wafer at &
chamber pressure of 8.7 Torr and a temperature of 370C from which reactive gases were
flown into the reactor as follows: )

Trimethylsilane, (CH;);SiH, at 200 seom
Helium, He, at 800 scem
Nitrous Oxide, N2O at 150 scem
Nii:rogen, Ny af 100 scem

20 . The substrate was positioned 435 mils from the gas distribirtion showerhead and 585W of
high-frequency power (13.56MHz) was applied to the showerhead for plasma-enhanced
deposition. The oxidized trimethylsilane material had a refractive index of 1.48, was

10




Ni t rous Oxi de,

- hi gh-frequency power (13.56MHz) was applied to the shower heddY¥ot00°

- pl asma- enhanced deposition. The oxidized trinmethylsilane materi al

P4/ whtrtoks GRfS it

refractiv
5410A/ m'n

N20 at 150

CddpBsied 0h rdte 58

wth across wa

scan.

Ni t rogen,
was positioned 435 mls fromthe gas distribution showerhead and 585W of

Y6

ectri

N2 at 100 scan 20 The substrate

had a

gindl%aﬁ%tﬁ%gémc

a i e

" const ant ofongagtofBxhnple 7. 5 [0030] SiCH filns were deposited with and

- wi t hout

Appl i ed
par anmet er

> PECVD t ool .

S.

anmounts of N20

in the gas m xture of the
Table 1 summarizes the deposition
Run I D deposition RF (W Press (T) (CH3)3SiH He N20 k |

i me (s)

* (scan) 5( sde930}( SHEH) fltmsiwere dopaiied Svifh and Gvififit the dbitior o2 siagll anlats 8 K910

600 61 3.

8

3 7-3.39.2 585 8.7 210 600 81 3.5 7-4 391.2 585 8.7 210 600 101

3.4 7-5 J4stp memigtuye ofithe dgpliod Materials PECVDaoaR Talls 18uihndizes 0@ defdsitiord

25

[ 0031] Dﬁ}ha%e%g constant, It, was neasured using capacitor structures
formed w ‘0 electrodes, and the results at 1 MHz are shown in the
t abl e. Thg{dnrmprpg%@smyﬁ omeg N:Fﬁ}esm? h(%g [SHETS HBC B (3
permttivjty, k. %@032] Measurenenys of the .%{ ectricHEreak wn s]t{rangth
at room tpnper at Ji@edgow|t hat progesses hi Coeipcl jidscchPO] Gepmdift ff | s
whi ch exhEbt—hrghrer—reakdopp—st+ergth A—t-he—r-age—of—U--6--Mi-e] as
opposed tg-‘-’l't hose vvithgé'p NZS?g%.g. a- Si %37H) V\FITQ:h a Z out 390 L54- / cm
I n anot hejy4 est ¢f These| matggg al S§ T ne. as- LERTpeT |t —SETESS £ for
copper diffusio a high eJectricfieI%? 2.5 fcmy) i'S apli%gd 0 tihe
icapaci tor{7shi l.e ift is3%2| d af85 250C. Th&7jappl 21At i oh &boa ot e 5ol t age
0 the el )rict ogetwi-—i+ u—inh.the elecirode.t nllgh t he
capaci t o] o t he oppo%?'?‘ el ¥ rode. WA t hidlhbccuf s 60fe calici | 4w | |
7-5 46.0} 585 8.7 210 600 0 5.1
7-6 28 585 8.7 210 600 101 3.9
[0031] Dielectric constant, k, was measured using capacitor structures formed with Cu
10 electrodes, and the results at 1 MHz are shown in the table. The incorporation of more NoO
slightly lowers the relative permittivity, k.
- [0032] Measurements of the dielectric breakdown strength at room temperature show that
_processes which include N2O deposit films which exhibit higher breakdown strength, in the
; w) range of 4-5 MV/cm, as opposed to those without N5O (e.g. a-SiC:H) Which‘a:e about 3.0
15  MV/em. In another test of these materials, the bias-temperature-stress test for wpper
diffusion, a high electric field (2.5 MV/om) is applied to the capacitor while it is held at
250°C. The application of a positive voltage to the electrode will try force the Cuin fhge
electrode through the capacitor to the opposite electrode. When this occurs the capacitor will
‘become conductive and a short circuit will occur. The barrier property is assessed by thé time
20  ittakesto reach the short circuit condition. It is found that the time to create capacitor failtre

in films deposited without N2O (e.g. a-SiC:H) is around 30000-80000 sec, and is 10-100 x

lower than that measured on films deposited with N2O. Therefore the introduction of the

oxidant also improves the barrier properties.

11




becone conductive and a short circuit wll occur. The barrier property is
assessed by the'tine 20 it takes to reach the short circuit COP%@@F

is found that the tinme to create capacitor failure in fiI t ed

wi thout N20 (e.g.- a-SiCH) is around 30000-80000 sec, and is 10-100 x

| ower than that neasured on filns deposited with N20. Therefore the

i ntroduction of the oxidant also inproves the barrier properties. 25 11 1
July 2005 CLAIMS: 1. An integrated circuit conprised of a subassenbly of
solid state,flevices formed into a substrate made of sem conducting
material, metal wring connecting the solid state devices, and a diffusion
barrier layer fornmed on at |east the netal MArlng wherein said diffusion

barrlerlaerlsanall film havi Si L. Hz where w
has a vaI ug o}- 4p 1Rtgereis %QC‘I%%O‘HPV%?HLQ&’@&SF 56 S@‘qﬁg{e\éf@%e of 1 to
ed ﬂft&‘?s@sﬁgwjmatdé T QemBROHdWtifig fnaterial, mda Pkt hgadodfitdingtivher ei n t he

'dlffu3|on arrier layer Is produced by a chem cal vapor deposition of a

(r:gﬁtc ? |O?/|eseo¢rd i;aéeﬁe:wm,@:dwtgfﬁmoxggalﬁlgnbgﬁyﬁ%ﬁu@h@maﬂ%ﬂﬁma cwaftgaa cl ai ned

u us X ui S i
in clain¥ ﬂrﬁﬁé?@lq‘l&?ﬂ%“ﬁﬂ‘ yerdn % Ao n%lmgﬂ'ﬁélgg hﬁ}OSﬁf hyl silane. 3. The.
i nt t I 18 t 20
aronc spmssOre vheRoy Pafu Ml bl B R R B V088, kB vt U5, 02 o
val ue of %ééozi%gs ?;;1 foi/%o ?ﬂ a-ln_ggvlk'}t &%Q@%fht_ﬁ)_ﬁﬂé%@ﬁe&hﬁh@d inclaiml

V\,hereln]z has™a va c Yo Integrated circuit as
cl.ai med diffusib@bariér Mmrlepmdwmlb;md:ienucallvagomtepositimﬁmmacﬁve ghse int egr at ed

cireurt llallxs tureC| (a.‘«"II)I{ITEﬂSIIIlgn a glle?h To%nta%tigeélﬂné Ql?d gEgD%IOll\é}md I:dln.'ln %ﬂ{ of Illg'ol%oer

oxide.

2. The integrated circuit as claimed in claim 1 wherein the methyl—cdnta'ming

silane is trimethylsilane.

3. The integrated circuit as claimed in claim 1 wherein w has a value of 18 to

20 atomic %.

4. The integrated circuit as claimed in claim 1 wherein y has a value of 5 to 38

atomic %.

5. The integrated circuit as claimed in claim 1 wherein z has a value of 25 to

32 atomic %.

6. The integrated circuit as claimed in claim 1 wherein the metal wiring is

aluminum.

7. The integrated circuit as claimed in claim 1 wherein the metal wiring is

copper.
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1 July 2005 8. A nethod of preventing mgration of netal ions between

- adj acent device interconnections in an electrical circuit hal\(%lﬂ’g@ggt al
Wi ring by applying over at least the nmetal wiring a diffusi i er

| ayer of an alloy film having the conmposition SiWXOyHZ where w has a

value of 10 to 33, x has a value of i to 66, y has a value of 1 to 66, z

has a val ue of W . X4 + = | . % in the

di ffusi on bar rsf%%e%%gggpﬁ%%%ﬁa tbofy 0af II(l: eﬁoég%@%ﬁ%%% Gl%on of a

T eact i ve igesonmectionsria ane@hgetrical cigeuit leRingyrhetalomirmi biyppBigaer arldasa

~controll amount, of nitrous oxjde. 9. The nmethod as clained in claim8
wher ei n eemﬁtgfwng ﬁ‘;l‘f‘ﬂ? E@mﬂ axeofiag aﬂﬂ’ fibphayingthe,cRmposyionThe et hod as
clai med i glai wher.ei n _w has val ue, of 18 to. 20 tomc % 11." The
et hod aSeTeT At ote B 53 thalogind 1B 35 7 avalin o Br065Y RS Sl 8 ¢ ot

12. The dlﬁ§ ' | | al wherein z.has ag.value.of, 25 to 32
“atomi ¢ %rﬁ&g.& ea?e e’orz'gﬂals'%c algﬁrfgggri}v&ﬁ?ﬁ@o\ﬁﬁoﬁlgi%%%e Pal wiring is
al um numdiffukibn biftier teyehixcroduced i aRfemitalvporidposhRRRIfA rédtivepisl wWiring is
copper. 15. The integrated circuit as clainmed in claim1l wherein there is
0.1 to 4MBXUIEQOMpHESIHEEctiyl-canfaining sibategad psentyelledamepmt of pifrous

met hyl - cgpaiai ni ng silane. 16. The nethod as-clainmed in claim@8 wherein

there is 0.1 to.4.5 volune parts of nitrous oxide per volune part of
- met hyl -containing silane. 13

9. The method as claimed in claim 8 wherein the methyl-containing silane is
trimethylsilane. o '

10. The method as claimed in claim 8 wherein w has a value of 18 to 20

atomic %.

11. The method as claimed in claim § wherein y has a value of 5 to 38 atomic %.

12. The method as claimed in claim 8 wherein z hasr a value of 25 to 32
atomic %.

13. The method as claimed in claim 8 wherein the metal wiring is aluminum.
14. The method as claimed in claim 8 wherein the metal wiring is copper.

15. The integrated circuit as claimed in claim 1 wherein there is 0.1 to 4;5

- volume parts of nitrous oxide per volume part of methyl-containing silane.

16. The method as claimed in claim 8 wherein there is 0.1 to. 4.5 volume

parts of nitrous oxide per volume part of methyl-containing silane.
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