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The Dk will depend on the amount of porosity and also on the resin nature.
There are two groups of low dielectric materials, the spin-on dielectrics and CVD

20  dielectric materials. The spin-on dielectrics can be divided in two groups, the organic and the
inorganic spin-on dielectric materials. The CVD dielectric materials currently use an
organosilane/organooxysilane precursor as active agent in combination with an oxidation
agent to generate a low-k dielectric film. Regardless of how the low Dk films are produced,
the low Dk films have a certain amount of porosity or intramolecular spacing.

25 The porosity in the low Dk films can cause problems with the metal diffusion barrier
(e.g. the TaN layer) because there are pores inside and/or on top of the material. There is no
difference between closed or open pore materials because closed pores will be etched open
during the patterning of damascene structures. Both open and closed pore type of materials
are sensitive to increased “pinhole” formation in the metal diffusion barrier sputtered layer on

30 top of these patterns. The pinhole formation may lead to reliability problems and potential
paths for diffusion and degradation of the metal interconnects and the dielectric. Because of
this, a thick layer of metal diffusion barrier is required to seal the pores and to avoid

“pinholes”. Another problem is that in the case of metal barrier formation by Atomic Layer
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substrate. Metal wiring forned from conductive netals connects the devices
t he subassenbly. A sealing dielectric |layer having a conposition of
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according to this invention forned using dual .damascene technol ogy.
25 1A Ghagajvalug opdPr50aprefsrafly 2386 BHUpicAeregns ERPL B AE b HoPraEeBlCR di ng t o
this i MOERShR V% and z has a value of 0.1-66, preferably 25-35 atomic %; and x +y +z =90

atomic % is formed on the patterned porous dielectric films. The use of a sealing dielectric

layer avoids pinhole formation in the metal diffusion barrier.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a partial cross-section of a semiconductor device according to this invention
formed using single damascene technology.
FIG 2 is a partial cross-section of a semiconductor device according to this invention
formed using dual damascene technology.
FIG. 3 is a partial cross-section of a semiconductor device according to this invention

formed using subtractive aluminum technology.

DETAILED DESCRIPTION OF THE INVENTION

This invention pertains to the use of sealing dielectric layer having a composition of
SixCy:Hz (“SixCyHz film”) where x has a value of 10 to 50, preferably 25 to 35 atomic

percent, y has a value of 1-66, preferably 30-40 atomic % and z has a value of 0.1-66,

preferably 25-35 atomic %; and x + y + z > 90 atomic %. The sealing dielectric layer is used
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represents a circuit asse oduced by si ngl e damastcene t echnol ogy.

can be G2ER98% @i skillddgurties art véll beable npreddidy detemiine theythickijely of the seadingng and
coverin 1t e pores in 20 the porous dielectric layer (2). If no etch/CWP

st (3‘938 HYFH nmask (4) are used then the sealing dielectric |ayer
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ielectric layer. The horizontal sealing dielectric |ayers at the bottom
and t hecritigpl asf nepdy any which are known in the art and/or produced commercially are useful
herein. FIG. 1 represents a circuit assembly pro‘duced by single damascene technology. As
can be seen in this figure, the sealing dielectric layer (1) is sealing and covering the pores in
20  the porous dielectric layer (2). If no etch/CMP stop (3) and hard mask (4) are used then the
sealing dielectric layer would also seal and cover the pores on the top surface of the porous
dielectric layer. The horizontal sealing dielectric layers at the bottom and the top of the
interconnect opening (1A) are removed and the metal diffusion barrier (7) is then applied
over the sealing dielectric layer within the interconnect opening (6). The metal wiring (5), in
25  this case copper (Cu) is then added into the interconnect opening (6) to fill the opening.
Another layer may then be formed by covering the metal wiring (5) with a metal
wiring barrier (8). Metal wiring barrier layers (8) are known in the art. For example, U.S.
Patent No. 5,818,071, hereby incorporated by reference discloses metal wiring barrier layers
of amorphous silicon carbide. The porous dielectric layer (2) is applied over the metal wiring
30  barrier (8). An optional etch/CMP stop (3) and hard mask (4) are applied over the porous
dielectric and interconnect openings are thereafter formed by removing the etch/CMP stop (3)
and sacrificial hard mask (1), the porous dielectric layer (2), and the metal diffusion dielectric

barrier (8) down to the metal wiring (5) of the previous layer. The sealing dielectric layer (1)
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20  to avoid pinholes in the metal diffusion barrier layer (7) (e.g. sputtered Ti or Ti/TiN layer).
The pinholes in the metal diffusion barrier (7) may lead to interaction of WFg with Ti in case

W plug technology is applied to form the via metal (9). The technology is also applicable for

hot aluminum to achieve a reliable flow of the interconnect metal. The interconnect metal

will not flow well if Ti is not covering the sidewall and bottom of the interconnect opening
25  (6).

The sealing dielectric layer (1) will cover the bottom of the interconnect opening (6)
for all 3 described devices. The bottom of the sealing dielectric layer (1A) can be removed
by using sputtering or etching like a soft sputter etch or dry etching so a good contact is made
between all metal interconnects. This means that the sealing dielectric layer (1) can be

30 removed from on top of the porous dielectric layer and in the bottom of the interconnect
opening (6). There may more materials removed on the top than in the bottom of the
interconnect opening (6). For example, some of the hard mask (4) may be removed due to

A/R depended effects during sputtering or etching.
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pressure chem cal vapor deposition ,
or the focusing of energy on a solid sample of the materlal to cause its deposition.
Materials suitable for forming the Si,CyH, sealing dielectric layers are also known in
20  the art. The precursor may be a single compound that provides the Si, C, and H elements for
example, an alkyl silane, silacyclobutane or a polycarbosilanes. Or the precursor can be a
mixture of compounds to provide the Si, C, and H elements, for example, silane, and an

organic compound (e.g. methane). Preferably the precursor is an alkylsilane, more preferably

trimethylsilane.

25 Oxygen is not being intentionally added into the SixCyH; film however, it is known

that small amounts of oxygen can be present in the SixCyH; film.
Additionally, it is anticipated that a sealing dielectric layer having the composition of
Si,0pC¢:Hg where a has a value of 10 to 33, preferably 18 to 20 atomic %, b has a value of 1

to 40, preferably 18 to 21 atomic percent, ¢ has a value of 1 to 66, preferably 31 to 38 atomic
30 % and d has a value of 0.1 to 60, preferably 25 to 32 atomic %;anda+b+c+d =90 %

atomic %; and C/Si < 0.5 and H/C > 0.5 would be useful herein. Si;OpC.Hg films have a

lower dielectric constant layers and thus reduce any negative impact on the effective
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tetramethylcyclotetrasiloxane, 2,4,6,8,10-pentamethylcyclopentasiloxane.

Additionally, it is anticipated that a sealing dielectric layer having the composition of
20 SieNfCg:Hp where e has a value of 10 to 33, preferably 18 to 20 atomic %, f has a value of 1

to 50, g has a value of 1 to 66, preferably 31 to 38 atomic % and h has a value of 0.1 to 60,
preferably 25 to 32 atomic %; e + f + g + h > 90 atomic %; and C/Si < 0.5 and H/C > 0.5

would be useful herein. To produce a sealing dielectric layer having the composition of
SieNfCg:Hp, a controlled amount of nitrogen may be present in the deposition chamber. The

25  nitrogen may be controlled by the type of nitrogen providing gas used, or by the amount of
nitrogen providing gas that is used.

Silicon containing compounds useful in producing the sealing dielectric layer include,
but are not limited to silanes, organosilanes, polycarbosilanes, cyclic siloxanes, and linear
siloxanes. Useful silicon containing compounds are disclosed in detail in U.S. Patent No.

30 6,162,742, herein incorporated by reference for it’s teaching of silicon containing
compounds. The silicon containing compounds typically contain a unit having the formula

R-Si where the R group is selected from a hydrogen atom, a fluorine atom, a fluoro



dielectric layer. Oxygen providing gases include, but are not limted to

air, ozone, oxygen, 10 nitrous oxide and nitric oxide, preferably nitrous

oxi de. Thwoawwosiss of oxygen providing _gas is typically | ®@€3/useze7d4 vol unme
parts oxygen providing gas per volune ‘part of silicon containing conmpound,
nore preferably fromO0.01 to 4.5 volunme parts of oxygen providing gas per
vol ume spBdtituted ofdahd gRIupC O UnadrBanter6 ANPR U phefeldtRy ak hiklyBgroup, hbe art will be
able to readily determ ne the anount of OXégggcﬁtovidlng gas based on the

type ofPrefRipgbna pedvl aionp. The Shatemanay bheonded Exadditienal BripeRsdaegane n addi ti on
to the [Well | s f

i1 con TR Uk Y bl B8 nPRRR Do RS CIEAREMERE 1 U SH80n ¢ .

t et r amahifouple Yedtome (silesaneo) direferi2d 4iloR cdfiaipmgtcamyiohydcate klage tHaa siel gaxane.
Additionally, it is anticipated that a seal ] di el ectric |layer having the
con‘éosiOt’ﬁL‘GHIdéF‘earZSOISit%‘NP@@?uF%mWfé‘Pé’eé’oﬁé@Z%fl fggﬂvﬁég?}ft 19glap 33, preferably
18 to 20 at offCi1 % nf : t; ; ; : 6,
preferably ?Pets\s (l)h/@gél Cg?%rﬁrlluig %//c?g}?ﬁl nﬁ£ ]ﬁs’akgulellfp8%93%19%?%35.6%11%{%&%%? chpl%ye qejhragbl y 25
to 32 deexemplifiedkby; bt rotdimitdd to, sildfe,d¢toafluordlamm trifGidometh] GiflwobsHii@, > 0. 5

woul d be pyseful herein.. To produce a seali ielectric |ayer having the
conposi I?‘?tgﬁls‘&rfe’ @ﬂfﬁﬂy@jl.apﬁ trﬁ“%tgﬁfﬁaer téeg‘a’é‘ﬁ@g lﬁﬂa%ef, %f‘f’lﬂf’?%@ﬁxﬁy be present

i n the yHgpR#ldRR RawRe! 1,2-TglarSethint! DS (MBthyRdasOBihhsd, hed by the type of
ni trogen _g;ow di ng gas used, or by the anount of nitrogen providing gas

t hd0 i dlisisadprogire, &S -wisHang-Addntricentiidentd $.3cdimethylsiloxgreodidei ng t he seal ing
di el ectyr.ic..l aver kncl ud but .are not. limt to Sl s, organosil anes,
pol yoar SRS diEane Bl REE MR EFob ey 2936, oot ul si 1 con
cont ai netignebypgiloEaasilogarnd, 32,68 20 peftaghethdldyclopertasiloxkiad, & (B, 5, Naetrasilano-

6, 162, 742, herein incorporated by reference for_ it's teaching of silicon
cont ai rA-Pr§ioxychirdundiyleng éeteapropaigylslgne. dstrcHynylsHisu RBenYISBNGSal |y contain a

uni t haw - D r | S: firom a hydr ogen
o om S R o B et e S 58 | e B S P O bt o6
or g;sno rgfthgalpi,laay;:lohtlltam,gahdin%hmsi_lacﬁélbbutmeeﬂﬁFabylmeﬂglsi]akydécélg{[tmpl-l rr[ér e
prerer . gr,oup.. Lol om na onge aadl U1 a gr oups
P or yan s Sebthand o B Revdmins Aot BEaT g GpBifand 37
(pol ycak gﬂo:p?raﬁe?c)yc@bu@h&qcs-asilgéﬂr&utah@Mgé}i@tia&sogﬁeh @§ 1 hoxRRR:lluoro-

|

Preferre I con"containi ng conpounds are those that are gases
1,3-disilacyclobutane, 1-methyl-1,3-disilacyclobutane, 1,3-dimethyl-1,3-disilacyclobutane,

1,1-ethylmethyl-1,3-disilacyclobutane, 1-butyl-1,3-disilacyclobutane, 2,4-dimethyl-1,3-

20  disilacyclobutane, 2,2-diethyl-1,3-disilacyclobutane, and 2,4-ethylpropyl-1,3-
disilacyclobutane. A combination of two or more silicon containing compounds can be
employed to provide a blend of desired properties such as dielectric constant, oxide content,

hydrophobicity, film stress and plasma etching characteristics.

When the silicon—containing compound does not contain sufficient carbon to produce
25  the desired films, carbon may be introduced through the use of a hydrocarbon such as
methane.
Other elements, such as fluorine (F) can be introduced into the sealing dielectric layer

so long as these elements do not materially change the sealing properties of the film.

30 “The following represent the elements identified Figures 1, 2 and 3. These elements

are not limited to the specific designs in the figures.



5 or liquids near roomtenperature and can be volatilized above about 10
Torr. The silicon containing conpounds useful in producing the sealing

di el ectriwoloapes43sray be exenplified by, but not limted traI/s0b/20704
tetrafluorosilane, trifluoronethyl tri%|uorosilane, nethylsilane,

di met hyl sil ane trinethylsilane, tetranmethylsilane, disilanonethane,
bis(nethylsLIanpinethane, 1, 2-disjilanoet hane, 1,2-bis(nethylsilano)ethane,
2,2 10 i Ssalinm distesprimleyer1 Sy CgHrwigre ¥ has 2 valug of | 9381 profesghdy 25-35 atomic

1, 3-di met hyl si | oxane, 1, 3- bis(silanonethyl ene)di sil oxane,

bi s( 1- rastaspt. dihes porbaeyll ) bpopaeferably 30-40 gtomie e andet nslackpduenfd 1-68i | oxane,
2,4,6,8,10-%entanethch¥cIogentasiIo ane, /1 3,5, 7-tetrasil ano-

2. 6- di JESierRblY. 203> elopHE e and X WGt Yomis Voa s SigQurealdd WhpRFIachas aryalue

AT ugt dOTY I Rrr bR 20 SaSeclonOhas s SeyE PO i hgrerersbly 1531 Rortic *
1, 1sdi mREdwl, 2iHag 6 ¥aluedil 3086, pefbradlynyl @3 WtbHId BAGYE IAYhAARE 0F0.1 to 60,
but yl si'l acycl obut ane, 2, 4-di et hyl si | acycl obut ane,

3, 3- di giréfgtablyl 2o odsomen’s, arahal+ B,13¢ +alt>h§0 proopy VearndacAse Kdbuarahid/C > 0.5;

1, 3-di sil acycl obut ane and derivatives such as 1,1, 3, 3-tetrafl uoro-

1, 3- di girl 8ePgCaiblit wheze e hasrevalye ofi1Btodi3s predergllly diBue A etomic %, f has a value

1, 3-dinmet hyl -1, 3-di sil acycl obutane, 1, 1-ethylnethyl-1,3-disilacyclobutane,
1- but ylafl 858i & hpsse yano Ul ks, pmfera‘eiw&éttﬁﬁﬂaﬁr@c 2o any b&lﬂ%@y@u@gﬁ&éﬁ@,

2, 2-di ethyl +1,.3- di-Si l.obut an n 4- et hyl pr = 1,3

di si l ac;eéy})cig roelg f%‘@x% St%\%g%ﬁ)ni lgaﬂ’f’ieotfg 6!.5[ }\?\5?98 rat?rmolrceﬁs?q%lpéc( h;cog nrimadl I%{Cna 0.5.
compounds can be enployed to provide a blend of desired properties such as
di el ectric constant, oxide content qidroghobicity, filmstress and pl asma

et chi ng: cPripescdiglerticilexsr. \Roeasity o 18110 6 ¥nwheraitha ¢onnectteird between &andot

cont ai fi G ™ 2 osi o i MqgR May be
e G i

el ementlK D Aircaa™ hacetriaisean( by CVED nighddstsucidascc@don™t oMekterds e prodgcing
dielectric layer., so long as these el enents do not materially change the
seal i nd*p M®BEaBf the film 30 The fol | owing represent the el enents
idgrtified Figures 1, 2 and 3. These elenents are not limted to the
specific designs in the figures. WO 03/005438 PCT/US02/ 20704 8 1: Sealing
di el ect¥:iEtch atppr M@emaly aneZymibadlyesiliconastrideyslicom w@fbid€)-S50;. Qreatkdtedioh yhe25- 35

atom ¢ art will know which materials are suitable based on etch selectivity to the porous material.

4: Sacrificial hard mask. Materials are typically silicon nitride, silicon carbide, SiO;. One
20  skilled in the art will know which material is suitable based on the etch selectivity to the

underlying material.

5: Metal wiring. Produced from copper, aluminum silver, gold, alloys, superconductors and
other conductive metals. The metal wiring can be produced by CVD, physical vapor

25  deposition (PVD), or electrochemical depositionmethods or combinations

6: Interconnect openings. Sometimes referred to as vias or trenches. Produced by removing
all layers above a wiring metal and exposing at least some of the surface of the wiring metal.

Methods for forming interconnect openings are well known in the art.

30



percent, y has a value of 1-66, preferably 30-40 atomc % and z has a val ue

of 0.1-66, preferably 25-35 atomc % and x + y + z ? 90 atomc % or

Si aCbCc: Hdowrmora3a has a value of 10 to 33, preferably 1@crasag2evon c %

b has a value of 1 to 40, preferably P8 to 21 atomic 5 percent, ¢ has a

value of 1 to 66, preferably 31 to 38 atomc %and d has a value of 0.1 to

60 prﬁg@ I_ﬁphﬁ(fugl%ntbgrrroég aU@émﬁm(fenae@orafoﬁnaﬁth&maaﬂd{fﬁ@fsn%ﬁmr%re% and C Si
;or SieNfCg:Hh where e has a value of 10 33,

pr ef er adnbyvniﬂthecaraimchtam%,cT@S T, hidg TaSiNa Wid, WEIN or caz)nlsl@atuglshlmed Vbé ue of 1

to 66, 31 to 3 nd

pref er éﬁ?@ ngfa g‘i’“ﬁf%‘ﬁ?’ qéedcbyfte&anufs Engwn gb'&l’ﬁtaf)trﬁu‘éh %Spghﬁm@ @ie' < 0.5
and H @vDY) chRemicdiGagor &’éyo@lﬁénoécvb&)%} Bfofnid E}Z@Kcheffﬁééﬁ' hpot deposlfort © 60 % where
the connectivity is between 1 and 100% y be produced trom Porous

Si LRTM(ASFELKTM  XLKTM Nanogl assTM JSR- LKDTM ZirconTM naterial s and
by CVD net hods such as OrionTM Methods of producing are known in the art.
15 3. Etch stop. Materials are typically silicon nitride, silicon carbide,
Si 02. @emstal Wirgtg Ba!ﬂriéﬁﬂ\/[ataﬁ&lsﬂﬂldall&m@w bt tiehetal wiringeiatricUaeltee based

on etch_sel ecti vi t&ﬂ he porous materi al 4. Sacrificial hard mask.
Mat er i ali§, 8k Si¢/ th«}dséplr Piogrcing sychdeyersareiweliknosindndee arsi 02, one 20
skilled in the art will know which material is suitable based on the etch

selectivity to the wunderlying material. 5. Metal wiring. Produced from
cofper ,9:aViarVetain Hiis wetal igokd to annegtshe varjpeis coriog tayorss Thndnetadtchebe the

conductive tal s. tal wiri n .can i.cal vapor
25 depd@Meias the ekl useglxggﬁ"&lp? 8’@% inng (écjé?bg %ﬁfgﬁn}{, g\/a%‘?lg%%ﬁ?ﬂ? nations
6: | nt 6H&GARREGLdOBAUrOHSt lintREEhiCESW&f erred to as vias or trenches.

Produced by renoving all | ayers above a wiring metal and exposing at |east
sone of the surface of the wiring netal. Methods for form ng interconnect

i t.h 3 03/.005438 PCT/ US02/ 20704 9 7:
(I\)/Eteg: ng]i%f’ '&gﬁ%ﬁleﬁ%&&?i@ th%?é‘fl{eﬁ%rﬁgatle CQ%ﬁ\AQe?’barm?%fm ng the metal diffusion

barirsi er are
It is believed that the sealing layer provides a better surface for the metal diffusion

barrier layer than that which is provided with the porous dielectric layer.

The following non-limiting examples are provided so that one skilled in the art may

20  more readily understand the invention.

25

EXAMPLES

Comparative Example 1:

A 20 nm film of TaN was deposited by PVD on the trenches and sidewalls of a
30 semiconductor device having a porous low k dielectric layer produced by the method of U.S.
Patent No. 6,231,989 formed thereon. The device was then subjected to a 20” dip test in 1%
HF. SEM results showed a high density of pinholes in the barrier layer through which the

acid could easily diffuse and etch the low-k layer. Evaluation by Ellipsometric Porosimetry



known in the art such as Ta, TaN, Ti, TiN, TiSiN, WN, WCN or conbi nati ons
thereof The netal diffusion barrier may be applied by techni ques known in
the art swolisaes4sputtering (i.e. PVD), chem cal vapor depa3itsomen70£VD) or
atom c | ayer chemi cal vapor depositiof05 (ALCVD). 8: Metal wiring barrier.
Materials typically used to formthe netal wring barrier layer are SiC

SIN, Si -Qro 1 I tp.the art. 10
9: Vi asﬁil?%%ﬁ‘%ﬁlgéd;rroe té i g%%éggv?gﬁggﬁﬁbe{ﬁ% é@?/g{r%‘:l EEE%\P@Y‘% aI ayers. The
met al  cliokdess bhat leasadt nmswaollé beretqaired sesbal thefporaus idyer.net al wiring (6) or

can be different. Exanples of via netals include, but are not limted to
Cu, W Al. 10: Interconnect Metal is the wiring netal and/or the via netal
15 1t is believed that the sealing | ayer provides a better surface for the
metal diffusion barrier layer than that which is provided with the porous
di ebectixamplealrer. The foll owing non-limting exanpl es are provided so that

one skilled t he,. A, 20 .nor.e W y.understand the. . nvention.,, 25
EXAVPLES — Cohia Pt Sl Bt a0 T BEC b R AR Ra O s PPy v
on the s{de@anbesa HibicohdRwRldeGicOhavinB8 ps@ik (R Wedl&triciRyeGRoM@el BY tike POr oUs

|l ow k dielectric |ayer produced by the method of U S. Patent No. 6,231, 989
f or med metbodehl. STReteaeNe a2 a8 % fhEnedk ihsjeant &dl@ mmd adifilmywps fosmed pp the,  HE,

SEM re t i j j . i rrief.: t hr ough
ani'on Ohe ST IGHE g Melo OS] kg LB AR Sl b P, T Sl WS e 2 P
by 18! | ivasahai subfeckdrto ailmdip test\WD193HBO SEBBrd30lty $UshR4 20 Feshilts bOetshimparltieol uene
adsor ption. Further eval uatiﬁgs showed that a filmof TaN having a

t hi cknd@¥-kopygiand exaluatign iy FElipseractpe Prerjinstaashoyyed @gtolupre adsemtien | ayer. 5

Exanpl Gin&il'cqatﬁig]tﬁ%ﬁﬂé pbres (el BeUiag. deposited by PECVD using trimethylsilane on
the trenches —an



sidewal I s of a sem conductor device having a porous |low k dielectric |ayer
produced by the nethod of U S. Patent No. 6,231,989 forned thereon. A 10
nm TaN fiwmosaes4ormed on the SiC |ayer using the sane prPorass2/zagodsed in
Conparative Exanple 1. The resulting dévice 10 was then subjected to a 1'

dip test in 1% HF. SEMresults showed no results of etching in the lLowk

layer aRgey WiofkP¥:El | 1 psometric Porosinetry showed no tol uene
adsor ption ?éng?caltgllrkng that the pores were seal ed. WD 03/ 005438

PCT/ US02/ 20704 11 WHAT IS CLAIMED IS: 1. An integrated circuit having (i)
a subassenbly of aolid-ﬁtate devices 5 (ii) nmetal wiring formed from
conduct }-ven FeSPEd GHEWENSY B e netal wiring connects the devices within the

subassenbly () id ubasBRbRWT soli@s@fd ddvicel ayer formed over the conductive
metal s wherein said porous dielectric |layer contains pores (ivV)

i nt ér connect(iippuetalnysingdomesd from chrdystivomstaly wheseinrthe mieta) evirid®egqnngcta
seal i ng di elt%ctri.c Ivgi er eov risn pRor es of the porous dielectric within the
i nt er connect 88%‘?}?‘??9 XIW)t 2UTet A iffusion barrier within the interconnect

openi ng  whe(ig) 8 psiusl deftridigysifBineal dviet tHeaydudtive )4 Waereld @ é]c;r})us
Si XCy: HZ where x has a value of 10-50, y has a value of 1-66, z has a val ue
of 15 0. 1- gbelaelueJayescauandReEs oy (2) Si aObCc: Hd where a has a val ue of 10

to 33, b has. £, 4 ??ﬁ - 66, d has a val ue
of 0.1to 60(,1 \%aﬂl?rérg&f%t Ok’e%iﬁgs_%w%g om ?O&q}aﬁlggﬁlﬁq@? Pazglg. 5 and HC > 0.5;
or 103) Si eNf@YaktalinhdidectrihBgercovatingep@ts dtht poddis dicldvasc withialthe of 1 to

50, g has a value 20 of 1 to 66, h has a value of 0.1 to 60, e +f + g + h
> 90 atomi cINUACORAEFIEPYIN& 0.5 and HC > 0.5. 2. The integrated circuit as

clai med in ch@idhdalMBLSHA bhiRr $6@id RO bRkl bfenidyer 1S

wherein said sealing dielectric layer is selected from
(1) SixCy:H; where x has a value of 10-50, y has a value of 1-66, z has a value of
15 0.1-66 and x +y + z 2 90 atomic %;
(2) Si;0pC:Hy where a has a value of 10 to 33, b has a value of 1 to 40, ¢ has a value

of 1 to 66, d has a value of 0.1 to 60, a+ b+ ¢ +d = 90 atomic % and C/Si < 0.5 and H/C >
0.5; or

(3) SigNfCg:Hp, where e has a value of 10 to 33, fhas a value of 1 to 50, g has a value

20  of 1to 66, h has a value of 0.1 to 60, e + f+ g+ h > 90 atomic %; and C/Si <0.5 and H/C >
0.5.

2. The integrated circuit as claimed in claim 1 wherein the sealing dielectric layer is
SixCy:H, where x has a value of 10 to 50 atomic percent, y has a value of 1 to 66 atomic

25  percent, z has a value of 0.1 to 66 atomic percent, and x + y + z > 90 atomic %.

3. The integrated circuit as claimed in claim 2 wherein the sealing dielectric layer is
SixCy:Hz where x has a value of 25 to 35 atomic percent, y has a value of 30 to 40 atomic

percent, and z has a value of 25 to 35 atomic %.

30



Si XCy: Hz where x has a value of 10 to 50 atom c percent, y has a value of 1
to 66 atomc 25 percent, z has a value of 0.1 to 66 atom c percent, and X
+y + z W0o93/0et4e8ri c % 3. The integrated circuit as cl ai red/use2/207ed m 2
wherein the sealing dielectric |ayer i3 Si XCy: HZ where x has a val ue of 25
to 35 atomc percent, y has a value of 30 to 40 atomc percent, and z has
a value of 25 to 35 atomic % 30 WO 03/005438 12 PCT/ US02/ 20704 4. The
integrated circuit as claimed in claim1 wherein the sealing dielectric

| ayer is SiaCth FU mhere a has a value of 10 to 33 atonmic percent, b has a
value of 1t ar.ce a 1.t per cent,
d has a val uLg of° efratt %Ef%éta(sJ aém%(glrnccg%fn I W%i e”bt% S%alh@gé‘@ gecz%l@f)m W ¢ %
and O i 5y Cc:Rg Wi fasa MR 0f 10 11 B8 aldMERERLRCL Bl £l 8615 | &) fBflyd 0 claim

4 wherei i eal1 ng i%electri ¢ ayer 1s ere as a val ue

of 18 tp%rc?egt URTLGaREHLE TR 66 Brolias P@rc&ﬁl &'ﬁasozi vaife SPO 210 86 ki gérgerﬁea[$ent c

has "a Value’of 31 to 38 atom c percent has a val ue of 25 32 atomc
per centh +6G.+ d’h@Olaltﬁrﬁ!@f"@hﬁ!diC(ﬁH@@JBhndi.ﬁ/@bd).ﬁred in claiml wherein the
sealing dielectric layer is SieN fCg: Hh where e has a value of 10 to 33
atom c percent, f has a value of 1 to 50 atomc percent, g has a val ue of

1 to 66 atom c : 15 +
1967 B LETR e Bulassply glnd bRy e s amaRIEE e 8

circuitg W?]@bel Al Rafdrd Dhdsl A aMeboigas @0 Atdnhie peRehd, Bhaslh 04186 b 18td AYVAPmIS SieN
f Cg: Hh ere e has a value of 18 to 20 atom c percent, f has a value of 1

to 190 aleddng, c HEhGANE 0f 31 K@ S8 atorid percait, BRastDvadde et TIoB2pRsHR Percehit. has a
value of 25 to 32 atonmic percent. 20 8. The integrated circuit as clained

in claiml wherein the porous dielectric layer has a total porosity of 10

to 60% and té‘erﬁeoi’ﬁ&g?attéd’&} tbaﬁtc B H;flalﬂpf fh V\ﬁ?n @1@%8‘5% fe18ltf ilagglf/%uy on

The|ntegrated circult aSC8.II'TE alm ere 1n erreta

barri erSll N«C 8, SEh&EEL ﬁgs J{I'Q{Té J10 t-gaﬁy atdrhic -@r&nt Finsd &lval%\lof YN @htomic

conblnatlonégtﬂereof 10. The 1 ntegrated CIFCUIt as claimed in claim1

wher ei Mperért, FERaala valuel 0Td tb %6 REdSIE peftent MHOAs GARRRIof 0all toI0NH4bMmicSIetdedt, e gol d,
al l oys, or superconductors 30 11. The integrated circuit as clainmed in

cl diSm 1+ fher-eh i Wratomiet %t askBSe < Gopand HE- > 0.5.

7. The integrated circuit as claimed in claim 6 wherein the sealing dielectric layer is
SieNfCg:Hp where e has a value of 18 to 20 atomic percent, f has a value of 1 to 50 atomic

percent, g has a value of 31 to 38 atomic percent, h has a value of 25 to 32 atomic percent.
20
8. The integrated circuit as claimed in claim 1 wherein the porous dielectric layer has

a total porosity of 10 to 60% and the connectivity between the pores is between 0 and 100%.

9. The integrated circuit as claimed in claim 1 where in the metal diffusion barrier is

25  selected from Ta, TaN, Ti, TiN, TiSiN, WN, WCN or combinations thereof.

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

from copper, aluminum, silver, gold, alloys, or superconductors.

30 11. The integrated circuit as claimed in claim 1 wherein the interconnect opening
have sidewalls and wherein the sealing dielectric layer is on the sidewalls of the interconnect

opening.



have sidewal | s and wherein the sealing dielectric layer is on the sidewalls
of the interconnect opening. WO 03/005438 PCT/US02/ 20704 13 12. A nethod
of coveriwg oanos4deal i ng the pores of a porous interlayer a@calEsor/ei704 Wt hin
an interconnect opening having a top, lbottom and sidewal | s wherein said

met hod conprises 5 (A) applying a sealing dielectric layer in the

i nterconnect opening (B) renmoving the sealing dielectric fromthe top and
bottom of the interconnect opening;, (C) applying a netal diffusion barrier
in the interlQomneethodpdooveging ave sealiggahe }bc&esd)f at;lst&oussia&lriaynq diéledtact ri c

| ayer; 10 .wherein said sealing. dielegtric I i s | ected fr

Si | , Cy:HRIHAR FECTEOESt PUMELEY . oD B erein ??a%mgqm ue of

1- 66 %Bgﬂlg egpercent, z has a val ue of 0. 1 66 atomc percent, and X +y + z
> 90 ato (2) SiaObCc:Hd where a has a value of 10 to 33 atomc

per Gent, b A3 applyangiesating dictectr lasberandmmtepmnoe(nmemnglas a value of 1 to
66 atomc p e of ercent, a +b +c +
0> 50 at oS Tomarie gy firteitep dod BeSH S5 BEERRbE, “ner e e
has a \@pkmg@gof 10 to 33 atom c percent, f has a value of 1 to 50 atomc
percent ﬁas a value of 1 to 66 atom c percent, and h has a value of 0.1
to 60 at om dChaprliing a ractal diffusign barpiesin the inierepAnecbapeaing corsingatdeast hed H C
> 0.5. 01 h hod as clained in claim12 wherein the sealin

di el ectSF"gglln dzelgrn?lﬂ;%g xCy: HZ where x has a value of 10 to 50 atomg

perloentwheyexhaadaeamiguﬁeléﬁtrxdlatyeri@&el&tt@ﬂiﬁ@m percent, z has a value of 0.1 to
66 atom c percent,_ and atomc % 25 14. The thod as

cl ﬁu med | nI ALt #H- Whéﬁeé‘i WStah\@hseé%’HOr@) HomicaRersent Y has @rvalug of §-0@y: Hz wher e
X has a val ue t{%)as r8e %52 ﬁésgmgﬁep&g)gﬁe{s ato}’mbg;rcggyﬁl&s?&h 29 doqedtfficat omi ¢

percent, and z ARTCRG
%;

(2) Si0pC:Hq where a has a value of 10 to 33 atomic percent, b has a value of 1 to

15 40 atomic percent, ¢ has a value of 1 to 66 atomic percent, d has a value of 0.1 to

60 atomic percent, a + b + ¢ +d > 90 atomic % and C/Si < 0.5 and H/C > 0.5; or
(3) SigN{Cg:Hp, where e has a value of 10 to 33 atomic percent, f has a value of 1 to

50 atomic percent, g has a value of 1 to 66 atomic percent, and h has a value of 0.1
to 60 atomic percent, e + f + g + h > 90 atomic %; and C/Si < 0.5 and H/C > 0.5.
20

13. The method as claimed in claim 12 wherein the sealing dielectric layer is
SixCy:Hz where x has a value of 10 to 50 atomic percent, y has a value of 1 to 66 atomic

percent, z has a value of 0.1 to 66 atomic percent, and x +y + z > 90 atomic %.

25 14. The method as claimed in claim 13 wherein the sealing dielectric layer is
SixCy:Hz where x has a value of 25 to 35 atomic percent, y has a value of 30 to 40 atomic

percent, and z has a value of 25 to 35 atomic %.

30



WO 03/ 005438 PCT/ US02/ 20704 14 15. The method as clained in claim 12
wherein the sealing dielectric layer is Sia(Cc:Hd where a has a val ue of
10 to 33 wobawioes4per cent, b has a value of 1 to 40 atom c PogFrEsenke70€ has a
value of 1 to 66 atomic percent, d has4a value of 0.1 to 60 atom c percent,
a + b+c+d 90 atomic %and CSi < 0.5 and HC > 0.5. 5 16. The nethod as

I d I b Hd
\(/:\/I"Iglr gea Ihgs G aSai/a eﬂrilget)(%ﬁai él%\n{eggn §l§ﬂh h ng}féke% ﬂfetsre%lﬁ}é cﬂé{l@&trl‘cﬁ elc"isa Ce:

atom c percent val Ue of 18 to 21

atom ¢ Ség@tg éwh@ret%saa Valetst 10f0 33 a¥0%11§§e1%E19”b %a?@(&ﬁ@%f 1 ?jo psomival ue of

25 to 3 percent. 10 17. The nethod as clainmed in claim12 wherein

the segletdedt, @lhaks%rue@flmea afotnic %&r@éﬁtc&hﬂh whes 6f ®1 RR60 atouat p&céit, d® to 33
atom c percent, f has a val ue of to 50 atomc percent, g has a val ue of

1to 663Jato“rd29©et<nmnt°/pamdﬁé%<apQanle/@P(DS1 to 60 atomic percent, e + f +
g+ h > 90 atomc % and ¢S < 0.5 and HC > 0.5. 15 18. The nethod as
clarmed in claim 17 wherein the sealing dielectric layer is SieN Cg: Hh

where e has &, VtleUetRbd dSclhithedGn 8faffii16 WARFGE Me schlifpdGcRetyididRraf 1 to 50
atom ¢ percent, g has a value of 31 to 38 atomic percent, h has a value of

25 to H#, @t?(o g“mEfeCaelﬂHsaxih%e ofN8 t620 hahid peckad, Bibds 4 Ralaé af 18 b2 Mheii n t he
porous dielectric layer has a total 20 porosity of 10 to 60% and the

connectpevdehy, clhat weeluetolid 1 poB&stohsc patarahhdd aveduc % to3Q.atdthie perfehiod as
clained in claim12 where in the netal diffusion barrier is selected from
Ta, TaN, Ti, TiN TiSIN, WN, WCN or conbi nati ons thereof. 25

10 17. The method as claimed in claim 12 wherein the sealing dielectric layer is
SieN{Cg:Hp where e has a value of 10 to 33 atomic percent, f has a value of 1 to 50 atomic

percent, g has a value of 1 to 66 atomic percent, h has a value of 0.1 to 60 atomic percent, e

+ f+ g +h =90 atomic %; and C/Si <0.5 and H/C > 0.5.

15 18. The method as claimed in claim 17 wherein the sealing dielectric layer is
SieNfCg:Hp where € has a value of 18 to 20 atomic percent, f has a value of 1 to 50 atomic

percent, g has a value of 31 to 38 atomic percent, h has a value of 25 to 32 atomic percent.

19. The method as claimed in claim 12 wherein the porous dielectric layer has a total

20  porosity of 10 to 60% and the connectivity between the pores is between 0 and 100%.

20. The method as claimed in claim 12 where in the metal diffusion barrier is

selected from Ta, TaN, Ti, TiN, TiSiN, WN, WCN or combinations thereof.
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