; e3eb$#_D F"'! x"6" T$#FQ@ Method for M nim zi ng Copper Diffusion by Doping

an I'norganic Dielectric Layer Wth a Reduci ng Agent Background of |nvention

1) Field of the Invention This invention relates generally to fabrication
- of a-sem conductor device and ' nore particularly to a nethod for

. minim zi ng copper diffusion into a plasnma enhance 5 chemi |m‘mmmmm
"deposi ti 6R ¥nBgani c dielectric |ayer by doping the i nomm“ ric

| ayer with phosphorous (P), or sulfur (S), or both. 2) Descri.p§k@n of the

Prior Art As sem conductor dinensions continue to shrink and performance

requi renents continue to increase, it has beconme desirable to use

for interconnections. However, traditional plasnma enhanced ch M‘Nmﬁm‘\

deposition (PECVD) oxide (SiQz) dielectric layers suffer fro

mgration into the oxide fromthe interconnect. To prevent this ctsee

m gration barrier layers (typically tantalumor tantalumnitride) are

DRAFT 1.0 deposi t e?eshed faridinimizing Qopper Diftusianchy Popiag avpeni ngs in the

dielectric layer, prior to depositing the copper. As the openings continue

to shrink, however, drganic@ricleatyierLayarWidus ReBuging Agenance probl ens. The

barrier layer can adversely affect RC del ay degradi ng devi ce perfornmance.

Coverage of trenches and/or vias by a barrier layer is not uniform THe

barrier layer is thinnest along the side and at the bottom corners of

trenches and/or vias, therebypqfiffbiRdoPAREnRG i er properties. Also, the

crystalline nature of barrier netals tend to allow di ffusion of copper

al ong the grain boundaries. The inportance of overcom ng the various

deficiencies noted above is evidenced by the extensive technol ogi cal

devel opng tFi?lidro?%eeIgvén%the subj ect, as docunented by the rel evant patent

and technical Iiterature. The cl osest and apparently nore rel evant

This invention relates generally to fabrication of a semiconductor device and
more particularly to a method for minimizing copper diffusion into a plasma enhance
5 chemical vapor deposition inorganic dielectric layer by doping the inorganic dielectric

layer with phosphorous (P), or sulfur (S), or both.
2) Description of the Prior Art

10 As semiconductor dimensions continue to shrink and performance requirements
continue to increase, it has become desirable to use copper for interconnections.
However, traditional plasma enhanced chemical vapor deposition (PECVD) oxide (SiO3)
dielectric layers suffer from copper migr:ation into the oxide from the interconnect. To

prevent this copper migration barrier layers (typically tantalum or tantalum nitride) are

7
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techni cal devel opnents in the patent literature can be gl eaned by
considering the 15 followi ng patents. U S. 5,654,232 (Gardner) shows a

met hod for form ng a copper interconnect using a silicon nitride or
tantalumwetting | ayer and a copper reflow process to elimnate voids.
Gardner does suggest that the dielectric |ayer can be phosphorous doped
silicon 20 WYraEds (PSG, however the dielectric layer is nBRARI tOntact with
the interconnect. Instead a silicon nitride or tantalumwetting |layer is
used to prevent copper diffusion. Therefore, 2 CS 99- 331 Gardner does not
suggest elimnating the barrier layer. DRAFT 1.0 U. S. 5,739,590 (Sakanoto
et al.) @émﬁ@%oraogletsmea@asgﬁmﬁct@l imepeningtpn thidiclshsis pruse.cuior #oped si | i con
glass (PSG interlayer insulating film(ILD). This invention 5 does not

di scl ose depossinggbstoppepper i nterconnects, nor does it address copper
diffusion. U S. 5,4~ 1,542 (Ashby) teaches a sulfur surface passivation
process. U. S. 6,001,415 (Nogam et al.) and U S. 5,985,762 (CGeffken et al.)
show copper to interconnect processes with copper diffusion linmted by

depositing a banpd @;Senh@!%nt%ett@@uﬁ!kdﬁc\/\@éder %fba?rfkr'lar}éyéﬁtdaﬂ& layer prior to
deposi ting copper. Sumvary of the [nvention I's an object of the

present i uehtl ap L i gwh@%aﬂ B na%@exfsagtsﬁw%w gadf,tg@ev% i nto an

|norgan| er by ganic d e ayer with a
d i t t ti d
terhod T GEPBPERoCaRTaRs iR e ehe BT wrb By PPETELbu Y B u@éogﬁ "yfﬁ%.oﬂ con

sul fur bot hat it

O ent o gkt PR ashiorE B i e ah i b RSt in s 2T0: ik

thereby offering poor barrier properties. Also, the crystalline nature of barrier metals

tend to allow diffusion of copper along the grain boundaries,

The importance of overcoming the various deficiencies noted above is evidenced
by the extensive technological development directed to the subject, as documented by the
relevant patent and technical literature. The closest and apparently more relevant

technical developments in the patent literature can be gleancd by considering the

15 following patents.

U.S. 5,654,232 (Gardner) shows a method for forming a copper interconnect
using a silicon nitride or tantalum wetting layer and a copper reflow process to eliminate
voids. Gardner does suggest that the dielectric layer can be phosphorous doped silicon

20 glass (PSG), however the dielectric 1ayer' is not in contact with the interconnect. Instead

a silicon nitride or tantalum wetting layer is used to prevent copper diffusion. Therefore,

2



DRAFT 1.0 It is another object of the present invention to provide a nethod
for rTeducing fabrication cost and cycle tinme for copper contacts by
elimnating the need for a barrier layer to prevent copper diffusion. It is
yet another object of the present invention to provide a nethod for
reduci ng RC del ay in copper contacts by elimnating the need for a barrier

| ayer fofSHPeénting copper diffusion. t 0 To acconplish PRé&Fdbble

obj ectives, the present invention provides a nethod for doping an inorganic
dielectric layer with a reduci ng agent during plasm enhanced chem cal

vapor de ositiﬁ? to %reve t copper giffurion into the inorganic dielectric
| ayer. THE'IESENSE PRiGUERTEE TNG %&WF afiel®e%t ri ¢ | ayer can reduce copper
diffusion without a barrier |layer reducing fabrication cost and cycle tine,
as well as reducing RC delay. 15 The present invention achi eves these
benefits in the context of known process technol ogy. However, a further
under st andi ngUdS. 518,588 takematidetaty atheg e sitnfled tubfupglessaSGravént i on may be
realized by reference to the latter portions of tile specification and

at t ached phsspibrogsdopea sficbe tlaRe@SIG) priteddyeofnstilbgndFilawIDDS. This BRAktonl. 0 The
features and advantages of a sem conductor device according to the present

i pvent i odoeyybt Elohes: sdetat tsppef infrddnBERS hioPdodk MRS Edpgesaittisian.
sem conduct or device in

U.S. 5,451,542 (Ashby) teaches a sulfur surface passivation process.

U.S. 6,001,415 (Nogami et al.) and U.S. 5,985,762 (Geffken et al.) show copper
10 interconnect processes with copper diffusion limited by dcpositing a barrier layer on the

sidewall of an insulating layer prior to depositing copper.
Summary of the Invention

15 It is an object of the present invention to provide a method for reducing copper
diffusion into an inorganic dielectric layer by doping the inorganic dielectric layer with a

doping agent.

It is another object of the present invention to provide a method for forming an
20 inorganic dielectric layer, especially silicon oxide, which is doped with phosphorous or

sulfur or both, such that it prevents copper diffusion from adjacent copper structures.

3



accordance with the present invention will be nore clearly understood from
the following 5 description taken in conjunction with the acconpanyi ng
drawings in which Iike reference nunerals designate simlar or
correspondi ng el ements, regions and portions and in which: Fig. 1 shows a
sectional view of a nethod for preventing copper diffusion into an

i norgani €59%B¥ctric |ayer according to the prior art. toDRASI 12 through 4
illustrate sequential sectional views of a nmethod for preventing copper
diffusion into an inorganic dielectric |layer according to the present
invention. Detailed Description of the Invention 15 The present invention
W Il be described in detail with reference to the acconpanyi ng draw ngs.
The present invention provides a nethod for reducing copper diffusion into
an adj acent i noisgasther abjest eCthe prstraymrenbyn wapovide ¢ nethod dogadeangli el ectri c

| ayer with a reducing agent. 20 Problens Wth the Prior Art ldentified by
t he | nverfhlericatibn cost BidAVEleltifle Refcapper ngnth@s by glimihatingthe heedofiot obaraiet copper
di ffusion from copper structures (130) into an adjacent inorganic

di el ect r ilgydr &y prevént 28ppet giffugdncal | y prevented by a barrier layer (I40).
Inorganic dielectric layers, particularly silicon oxide are widely used in
sem conductor fabrication to provide electrical isolation between device

| ayers and i nterconnect |ayers, as well as between adjacent interconnect

| ayers. Qpeni ngg a{eﬂuﬁ)ﬁ)er bl PG elddy fhﬁgnti b gfzo%oce A EhEE G Aper s to

provi de el ectric connect’ on between t evi ayer and an 1 nteéerconnect

I , t i nt t .l .. Th i filled.with
e RS Tol R PR MR R P RrO B Bl o3 o
connecti on. Vﬁﬁgpggﬁper is used in place of alum numto reduce resistance,

and t her eTBPE ay, a barrier layer is forned prior to depositing the
copper to prevent

10 To accomplish the above objectives, the present invention provides a method for
doping an inorganic dielectric layer with a reducing agent during plasma enhanced
chemical vapor deposition to prevent copper diffusion into the inorganic dielectric layer.
The resulting doped inorganic dielectric layer can reduce copper diffusion without a

barrier layer reducing fabrication cost and cycle time, as well as reducing RC delay.

The present inv'emion achieves these benefits in the context of known process
technology. However, a further understanding of the nature and advantages of thc
present invention may be realized by reference to the latter portions of the specification
and attached drawings.

20
Brief Description of the Drawings
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copper diffusion into the inorganic dielectric |ayer. However, the

i nventors have found that, as the openings becone smaller, the barrier

| ayer becomes nore difficult to economcally fabricate. Al so, the barrier
| ayer adversely affects performance, increasing I S RC delay. Preferred
Enbodi nents of the Present Invention Referring to Fig. 2, the preferred
enbodi nel@iS ¥F-33ilhe present invention begins by 20 providi ngpRABEMOconduct or
structure ( 11 ). Sem conductor structure ( 11 ) should be understood to
possi bly include a wafer or substrate conprising a sem conducting materi al
DRAFT 1.0 such as nonocrystalline silicon, or any of various other
structures known in the art, such as a silicon-on-insulator (SQO)
structure. Sem conductor structure (11) should be further understood to
possi bl y i ncl Uithe fean@reosndmmiventages dii e kéneohdig et devteladcbsiigtoithgplesaner s and/ or
one or nore active and/or passive devices forned on or over such wafer,
substr at @nvedkioR afd fuldBEldetaiBREA QFoce s ETTERNALEE suth hWehitbBSucsd+cRvias ifret al

Wi rings, vias, plugs, contacts, and trenches. In the key step of the

present |R¥&ALARRyithASe BRMM idventdidOwilPse @8relNAFIY ARG stb&Y BEm (ROl Wi 1S
doped with a reducing agent is forned over the sem conductor structure ( 11

)i, Te | NREGRRS AR PERLEIb RN (I REERB0I, FIPLES Ao Bikh iRORrgKhde. and

the reducing agent 1s prefera phosp

i norganic_diel.ectric. |ayer is_f.orned using a plas enhanced. chem ca
vapor - derbliE TR o S Rirs ripyine SRS Sl B AR RRBR SRS ¢
one or nore gases containing a reducing agent. Follow ng are specific
exanpl es known to the inventors., These exanples are intended to be ~ 5

exenpl ary and not_ exclusive of the possible conbinations of gasses and
paranet ers wi tHenl $heavsdcsspeongk viewof gmsthash foy pre¥siting Soprex difisongnto an

inorganic dielectric layer according to the prior art.

Figs. 2 through 4 illustrate sequential sectional views of a method for preventing

copper diffusion into an inorganic dielectric layer according to the present invention.

Detailed Description of the Invention

The present inv'ention will be described in detail with refer;:nce to the
accompanying drawings. The present invention provides a method for reducing copper
diffusion into an adjacent inorganic dielectric layer by doping the inorganic dielectric
layer with a reducing agent.

20

Problems With the Prior Art !dentified by the Inventors
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20 In the first exanple, silane (SiH4) is reacted wth nitrous oxide (NzO)
and triethyl phosphate (PO(CzH, O3) in a PECVD process with a flowrate
ratio of silane to nitrous 7 DRAFT 1.0 oxide of between about 1:10 and
1000:1 and a flowrate ratio of silane to triethyl phosphate (PQ(G H50)3)
of between about 1:1 and 1000:1. The PECVD process is performed at a
pressure g¥odbgtmween about 0.1 ton and 500 torr; at a tenpayRABTe.00f between
about 25C and QOOC, and with a capacitatively coupl ed RF power of between 5
about 100 watts and 2000 watts. The resulting inorganic dielectric |ayer
(20) conprises a concentration of between about 1 weight-% and 9 wei ght-

of phosphorous. exanple 2 10 In the second exanple, silane (SiH4) is
reacted with nitrous oxide (NzO) and trinrthyl phosphate (PO(CH30)3) in a

PECVD pr ocess Ruférfingtd Fig liatie priat b coppes difAndnifntdppetisruenirelq189) bet ween
about | :10 and 1000:1 and a flowrate ratio of silane to trinethyl

phosphat qn&%qa@jd%&}tsaorgimmmem mﬂeyﬁzoilslyﬁemym@&énkedb ol By epr OCESS 1S

performed at a pressure of between about torr and 500 torr; at a 15

temper at 41 g0 0findighite BRIRRRUL, 22 pg}t@nﬁr@QQ@on 88 Welady t3pAR | atively

coupl ed power “of between “about Wwatts and 2000 watts. The resulting
1 et gnt o SEERGEE ShiySh %‘gﬁ‘d‘éﬁa@%@@%‘ FE Gl T
interconnect layers, as well as between adjacent interconnect layers. Opcnings (vias) are
formed in the inorganic dielectric layers to provide electrical connection between the
device layer and an interconnect layer, or between interconnect layers. The openings are
filled with a conductive material, typically aluminum, which provides the electrical
10 connection. When copper is used in place of aluminum to reduce resistance, and
therefore RC delay, a barrier layer is formed prior to depositing the copper to prevent

copper diffusion into the inorganic dielectric layer. However, the inventors have found
that, as the openings become smaller, the barrier layer becomes more difficult to

economically fabricate. Also, the barrier layer adversely affects performance, increasing

(5 RC delay.
Preferred Embodiments of the Present Invention

Referring to Fig. 2, the preferred embodiment of the present invention begins by
20 providing a semiconductor structure (11). Semiconductor structure (11) should be

understood to possibly include a wafer or substrate comprising a semiconducting material

6



In the third exanple, tetraethoxysilicate (TECS) is reacted wth oxygen
(Qz) and triethyl phosphate (PQ(CZH50)3) in a PECVD process with a flow
rate ratio of TECS to oxygen of between about 1:1 and 1000:1 and a flow
rate'ratio of TECS to triethyl phosphate (PO(C2H50)3) of between about 1:1
and 1000: 1. The PECVD process is s perfornmed at a pressure of between about
0.1 torr G&®D-3DI0 torr; at a tenperature of between about ZTHCAENA.0SO0C, and
with a capacitatively coupled RF power of between about 100 watts and 2000
watts. The resulting inorganic dielectric |ayer (20) conprises a
concentration of between about 1 weight-% and 9 wei ght-% of phosphorous. 10
exanpl e 4uthastthendcaustatlmeesxlinop) @, any of Vet oshes sthictaesekroREOB)Xhd Bt,1secct ed with
oxygen (02) and trinethyl phosphate (PO(CH30)3) in a PECVD process with a
f1 ow r at eshatliconoh-idalPort (S COxytgeturf Shsitaerbioakhaitturd {11) ahshid 00Qirtheind a
slowrate ratio of TECS to trinethyl ~ 5 phosphate (PQ CH30)3) of between

about 1 hinaediob@@pdesibhliacilBE MR 61 6@ TEnd RtiREIl & BREiIngL aBn DI P85 Ui do0f
bet ween about 0.1 torr and 500 torr; at a tenperature of between about 25

C and 50QyneGr nRRdadtive Hn@oﬁ@a@@i% H@«Ixééé%&‘néﬁ%@r%der@ﬁckpglﬁ‘ﬁ'ﬁ sUbstR@l ween about
100 watts and 2000 watts he resulting inorganic dielectric |ayer (20)

caqnpri Sessn%cﬁl?é"&%r& xﬁHcBHnéa stﬁﬁtﬁ?@seﬂgﬁggrk%tﬁﬂww gmla ‘Elﬁpg cdnt Ik,%%i ;)/OSOf

phosphorous 20 exanpl e exa ane

react ed V‘ﬂr héytrous oxi de (N2O and hydrogen sulf| de (HZS) in a PECVD
process WitH @ flow rate ratio of silane to nitrous oxide of between about
1:10 and 1000.1 and a flowrate ratio of silane to hydrogen 5 sulfide (H2S)
of between about 1: |0 and 1000: 1. The PECVD process is perforned at a
pressure of between about 1 torr and 500 torr; at a tenperature of

bet ween about 25 @‘eé’n%ﬂe%‘tfﬁ@ PISHAT WVERIOD. aRiPapmtiaFisy 2 3 iBoigaRiedRE power of

bet ween about 100 watts and _ . .
(20) which is doped with a reducing agent is formed ovcr the semiconductor structure

10 (11). The inorganic dielectric layer preferably comprises silicon oxide, and the reducing
agent is preferably phosphorous, sulfur, or both. The inorganic dielectric layer (20) is
formed using a plasma enhanced chemical vapor deposition (PECVD) process with either
silane or TEOS reacting with one or more gases containing a reducing agent. Following
are specific examples known to the inventors., These examples are intended to be

15 exemplary and not exclusive of the possible combinations of gasses and parameters

within the scope of the present invention.

example 1

20 In the first example, silane (SiH4') is reacted with nitrous oxide (N,O) and triethyl

phosphate (PO(C;Hs0)3) in a PECVD process with a flow rate ratio of silane to nitrous

7



2000 watts. The resulting inorganic dielectric |layer (20) conprises a
concentration of between about 0.0l weight-% and 10 wei ght-% of sul fur.
exanple 6 In the sixth exanple, TECS is reacted with oxygen (QZ) and
hydrogen sulfide (H2S) in a PECVD process with a flowrate ratio of TECS to
oxygen of between about 15 1 :1 and 1000:1 and a flowrate ratio of TECS to
hydr ogensujdifde (HzS) of between about 1:10 and 1000: 1. PreafEECYD process
is perforned at a pressure of between about 0.1 torr and 500 torr; at a
tenperature of between about 25C and 500C, and with a capacitatively

coupl ed RF power of between about |00 watts and 2000 watts. The resulting

| nor gani Gxilie@f 8etivekE abory €10 @A) 0GR IRAd 5 85waate @fedTisliatd 10 frihyibet ween about
0.01 20 weight-%and 10 wei ght-% of sulfur O exanple 7 FT 1.0 In the

seventh example, (P@Lz;@ﬂg)ﬁgﬂiét@v):ed SoliPRTRY 9. ’ﬁl‘xetlﬁl‘é’@ﬁD%b&‘é‘ (NZO)

hydr ogen sulfide ( and triethyl p osphate PQ(CZH50)3) 1n a PIrCvD
about 1 ?%*fgmﬂeﬁ’;%%(5’9‘3%5&%??%%%%%‘% R %éﬁ*%ﬁeﬁ%fq%a%%f cul 11 a6

ety BRSARRR et 115 G sl L Ry GotSewohne e
At a t Znﬁipﬁe@%ﬂ SRR e oSk SO SR AR (D CaRREI A | vel y

coupled RF t o power, of between about 100 watts and 2000 watts. The

resul ti ngcop?%‘l*rﬁg‘?ﬂ of berwrcacPpylc Veight Y2y %%%r%@égh%%@ﬁﬁ%nt ration of

bet ween about 1 weight-% and 9 wei ght-% of phosphorous, and a concentrati on
of between about 0.0l weight-% and 10 wei ght - % of

example 2

10 In the second example, silane (SiH,) is reacted with nitrous oxide (N>O) and
trimrthyl phosphate (PO(CH30);) in a PECVD process with a flow rate ratio of silane to
nitrous oxide of between about 1:10 and 1000:1 and a flow rate ratio of silane to
trimethyl phosphate (PO(CH;0);) of between about 1:1 and 1000:1. The PECVD
process is performed at a pressure of between about 0.1 torr and 500 torr; ata

15 temperature of between about 25°C and 500°C; and with a capacitatively coupled RF
power of between about 100 watts and 2000 watts. The resulting {norganic dielectric
layer (20) comprises a concentration of between about 1 weight-% and 9 weight-% of

phosphorous.

20 example

[[O)



sul fur. 15 exanple 8 In the eighth exanple, TECS is reacted with oxygen
(Qz), hydrogen sulfide (H2S), and triethyl phosphate (PQUCZHSO 3) in a
PECVD process with a flowrate ratio of TECS to oxygen of between about 1:1
and 1000:1, a flowrate ratio of TEOS to hydrogen 20 sul fide (HAS) of

bet veen about 1:10 and 1000:1, and a flowrate ratio of TECS to triethyl
phosphat €S(®X3ZH50) 3) of between about 1:1 and 1000:|. ThRAHECYD process
is DRAFT 1.0 perfornmed at a pressure of between about O torr and 500
torr; at a tenperature of between about 25C and 500C, and with a
capa0|tat|vely coupl ed RF power of between about 100 watts and 2000 watts.
The resul ti ng ik thertifah¢ample itesaetbosydilzpter (TERS) iscomted wish owygsoi@emndat i on of
bet ween about 1 weight-% and 9 wei ght-% of phosphorous, and a 5

concent r ati¢tbyl phbspgheteEONCALOVL) iDa OECNE! plotesdonatince flBv vaed ghiv o¥al80Sgal f ur .
Referring to Fig. 3, the inorganic dielectric layer (20) is patterned to
form an eRegéng beRieen @vdra)l: i ndt 1080ilnmd gdhiveract ralie of TEOS k@ytithyl The i nor gani c
dielectric layer can be patterned using photolithography as is known in the
art (e.g.phdgati (POPDLL;0NELSE Bétwe@XAR%E1Q dhBN 0B EhdBERYVDIRY&IOR, etch). The
opening is preferably etched using a plasnma-assisted etchlng process

wher ein t ?fo ﬁ*&??%sﬁx‘zg@éfﬁ&%éﬁ §k?o%t@q€for?'h%(§r9(5(?toﬂa group

c
consi st | 'uor ocar bons rogen- subst ?uted uorocarbns,

chl ori ne,beabée%‘gsarzgea%ng%y@% KR J;hag QEMIPONBIe 8 BT RAg e

hel i um oxygen, argon and nitrogen. erri copper | ayer

(30) is d oS ed over i hor di el ectr.i i.n the

bpeni ng (385 1o RH 2P0 :amttsoeﬁ%ﬁwt&}géaorg?mﬁﬁ&ieéﬁwaéﬁéﬂ RO FRERHE o abl y
pl at ed over a sPuttered seed | ayer, Cptlonallg t he cogper | ayer (30) can
be concentration of between about 1 weight-% and 9 weight-% of phosphorous.

10 example 4

In the fourth example, tetracthoxysilicate (TEOS) is reacted with oxygen (O;) and
trimethyl phosphate (PO(CH30)3) in a PECVD process with a flow rate ratio of TEOS to
oxygen of between about 1:1 and 1000:1 and a flow rate ratio of TEOS to trimethyl

(5 phosphate (PO(CH;0);) of between about 1:1 and 1000:1. The PECVD process is
performed at a pressurf; of between about 0.1 torr and 500 torr; at a temperature of
between about 25°C and 500°C; and with a capacitatively coupled RF power of between
about 100 watts and 2000 watts. The resulting inorganic dielectric layer (20) comprises a

concentration of between about 1 weight-% and 9 weight-% of phosphorous.

20

example 5



subjected to rapid thermal annealing at a tenperature of between about ~0C
and 450C. 20 Then the copper |ayer can be planarized using chem cal
mechani cal polishing, and additional dielectric |ayer and interconnect

| ayers can be fornmed as is known in the art. 12 DRAFT 1.0 The key

advant ages of the present invention are that an inorganic dielectric |ayer
doped wi 0% ¥-3¥duci ng agent (phosphorous, sul fur, or bot h)PRAFT dlned which
can reduce copper diffusion into the inorganic dielectric |ayer wthout
requiring a barrier layer. The present invention can reduce fabrication
cost and cycle tine, as well as reducing RC delay. In one enbodi nent of the
present invention, the phosphorous and/or sul fer doped dielectric |ayers
could be used in a dual damascene or triple damascene interconnect. A 10
bot t om passi van iterfiftragrempém silane dB itk isatasteat with sitrops dageN-CArdda t op cap

| ayer coul d be optionally be incorporated between the nultiple inorganic

di el ect r ihydtogge sdfidé (HeSirird 4 PPCE¥ Ddaness suitd ai flitveracomtie of silafibe miasss vat i on

| ayer, etch stop layer, and cap |ayer would conprise the sanme nateri al

( phosphoroxide @rbdfvasen abidiit érl 0kmdd 00X iadé p flasy hfeaaticiof Gland © 10idedgent ri c | ayers.
15 While the invention has been particularly shown and described with

r ef er enceytfRiet(FeS urekevdes dbar o 4H8N1E0-4 hahe oECVID prokdss iR rfended stood by
those skilled in the art that various changes in formand details my be

made wit r}gﬁggug%%gmegg aﬂcfl.g@lttgﬁ aﬁ@!S%{)a Ef)rgega ?rg)tgﬁay]g@ SSQ&%&&’ ﬁ&)tuk 94p o For

exanpl e, sphorous cou be "provi tri phosphite ((CzZH, O 3P)
or trinmethyl. .phasphit. CH.O ~P), and the sulfur could be nrovjded by
armoni um St PPaE RN Supeeiigtugh <ol REGabar pbesteRy oavcy Bodsend 5

2000 watts. The resulting inorganic dielectric layer (20) comprises a concentration of

between about 0.01 weight-% and 10 weight-% of sulfur.

example 6

In the sixth example, TEOS is reacted with oxygen (O,) and hydrogen sulfide
(H28) in a PECVD process with a flow rate ratio of TEOS to oxygen of between about
15 1:1 and 1000:1 ’and a flow rate ratio of TEOS to hydrogen sulfide (H;S) of between about
1:10 and 1000:1. The i’ECVD process is performed at a pressure ;)f between about 0.1
torr and 500 torr; at a temperature of between about 25°C and 500°C; and with a
capacitatively coupled RF power of between about 100 watts and 2000 watts. The
resulting inorganic dielectric layer (20) comprises a concentration of between about 0.01

20 weight-% and 10 weight-% of sulfur



DRAFT 1.0 oxygen, and inert gases, such as nitrogen and argon, could be
used to carry the reactive gases. Additionally, other deposition processes,
such as high density plasna chem cal deposition (I |1DPCVD) or

sub- at nospheri ¢ chem cal vapor deposition (SACVD) could be used to deposit
t he doped inorganic dielectric layer (20). |4 What is clained is: 1. A
met hod f @S 9%8kici ng copper diffusion into an inorganic di @RAFTiI® | ayer by
4 forming the dielectric layer using a plasnma enhanced chem cal vapor
deposition process 5 wherein the inorganic dielectric layer is doped with a
reduci ng agent. 2. The nethod of claim 1 wherein the plasma enhanced

cheni cal ewxamppie 7deposition process is silane based and the reducing agent is
phosphor ous provi ded by PQ(CZH50)3 gas. 3. The nethod of claim1 wherein

t he pl asma enhanced chem cal vapor deposition process is silane based and

t he reduci ng agent is phosphorous provided by PQ(CH30)3 gas. 4. The net hod

of claim1l whdneicsetdigh praagsia semtea(SHe) ichamcalth vapas odepsid), on process is
"f); OS based and the reduci ng agent is phosphorous provided by PQ( CZH50) 3

gas. 5. Therd®eh Bﬂﬂd@tHﬁb,&inWtrleM&lQih@ﬂihaiehBOﬂtﬂﬁ@%) AARCED $oesEk Gath avapor
deposition process is TECS based and the reduci ng agent is phosphorous

proovi ded vy B L3O Fild@ %o nit@us oxide of between about 1:10 and 1000:1, a flow rate
ratio of silane to hydrogen sulfide (H2S) of between about 1:10 and 1000:1, and a flow
rate ratio of silane to triethyl phosphate (PO(C,H;s0);) of between about 1:1 and 1000:1.
The PECVD process is performed at a pressure of between about 0.1 torr and 500 torr; at
a temperature of between about 25°C and 500°C; and with a capacitatively coupled RF
10 power of between about 100 watts and 2000 watts. The resulting inorganic dielectric
layer (20) comprises a concentration of between about 1 weight-% and 9 weight-% of

phosphorous, and a concentration of between about 0.01 weight-% and 10 weight-% of

sulfur.
15 example 8

In the eighth example, TEOS is reacted with oxygen (O,), hydrogen sulfide (H,S),
and triethyl phosphate (PO(C;Hs0);) in a PECVD process with a flow rate ratio of TEOS
to oxygen of between about 1:1 and 1000:1, a flow rate ratio of TEOS to hydrogen

20 sulfide (H,S) of between about 1:10 and.IOOO:l, and a flow rate ratio of TEOS to triethyl
phosphate (PO(C,H;s0);) of between about 1:1 and 1000:1. The PECVD process is

11



DRAFT 1.0 6. The method of claim1l wherein the plasm enhanced chem cal
vapor deposition process is silane based and the reducing agent is sulfur
provi ded by reacting silane with N20 and HZS gasses. 7. The nethod of claim
1 wherein the plasma enhanced chem cal vapor deposition process is TECS
based and the reducing agent is sulfur provided by reacting TEOS with 0~
and HzS @&s%8331 8. The nethod of claim 1 wherein the plasf@RARIarced

chem cal vapor deposition process is silane based and the reduci ng agents
are phosphorous and sul fur provided by reacting silane with N20, H2S, and
PQ( CZH50) 3 gasses. 9. The nmethod of claim 1l wherein the plasm enhanced
cheni cal pedponeddspesissitont peweessbaus 0. Tr@Batd s&oanat a hmpertucthg agents are
phosphorous and sul fur provided by reacting TECS with 2, HZS, and

PQ( CZH50)sitweeasibsut 25 ° CAnd A00HT; laad withra dapadiiatigelanouphal A powerdifdesedeni ¢ | ayer
Wi th reduced susceptibility to 2 copper diffusion without a barrier |ayer,
conpri si n@obhMOStRRIANOLO0Bwa}s. PTHR et iBorReiit RNt 10yer $20)ueinpkigss 4 D)
form ng an inorganic dielectric layer on said sem conductor structure;

wher ei N 1@ ncentBfONIL HetRedn adBhd] WE'@BQ%VHn‘a ﬂb&lv}%@%ro'fﬁhés%&‘bué?‘aff@ﬁ' ses silicon
oxi de doped with a reducing agent; formng an opening in said

| nor gani ¢ gb tx%ﬁgﬁbpb%t@é@lrabowmswg gﬂ? Vdﬁﬁ%'&él @o?rﬁﬂﬂﬁr | ayer over said

i norgani c ectric layer and I'n said opening. net hod of claim 10
wherein said inorganic dielectric |layer is doped with phosphorous at a
concentration of bet ween about 1 wei ght % and 9 wei ght %by reacting silane

with N20 and CZHSSQ? ced c% deposition

bt 0cess with ACEFSRRTAT - PofF S BF FARGNE SORBGOLF FACETERR BUBAR 1. 10 and

1000:1 and a flow rate ratio of silane to PQQC2H50)3 of between about 1:1

and 1000: q_penmg (25) (via) in the inorganic dielectric layer. The inorganic dielectric layer can be
patterned using photolithography as is known in the art (e.g. deposit photoresist, expose

10 through a mask, develop, etch). The opening is preferably etched using a plasma-assisted

etching proccss wherein the gas chemistry comprises one or more gases from the group
consisting of: fluorine, fluorocarbons, hydrogen-substituted fluorocarbns, chlorine,

chlorocarbons, substituted chlorocarbons, carbon monoxide, helium, oxygen, argon and

nitrogen.

Referring to Fié. 4, a copper layer (30) is deposited over tk{e inorganic dielectric
layer (20) and in the opening (25). The copper can be sputtered or plated and is most
preferably plated over a sputtered seed layer. Optionally, the copper layer (30) can be
subjected to rapid thermal annealing at a temperature of between about 50°C and 450°C.

20 Then the copper layer can be planarized-using chemical mechanical polishing, and
additional dielectric layer and interconnect layers can be formed as is known in the art.

12



at a pressure of between about 0.1 torr and SO0 torr; at a tenperature of
bet ween about 25C and 500C;, and with an RF power of between about 100 watts
and 2000 watts. 12. The nmethod of claim 10 wherein said inorganic
dielectric layer is doped w th phosphorous at a concentration of between
about 1 weight % and 9 weight% by reacting silane with N20_and PQ(CH30)3 in
a pl asma @ntadtled cheni cal vapor deposition process with PRroWPate ratio
of silane to N20 of between about 1:10 and 1000:1 and a flow rate ratio of
silane to PQ(CH30)3 of between about 1:1 and 1000:1; at a pressure of

bet ween about 0.1 torr and 500 torr; at a tenperature of between about 17
25C and 500C, and with an RP power of between about 100 watts and 2000
watts. 13. The nmethod of claim 10 wherein said inorganic dielectric |ayer

i s doped wi t h TiR&eYAbreatIgcHf the REHEE HIVEREIIOHE BRt Heinareanic sbmeatria layes ght - %
and 9 weight-%by reacting TECS with O- and PQ(CzH50)3 in a plasma enhanced
cheni cal deagbyitdepedicingager(pasgiorgns, gulfurf ordgtipat ©rmgd whichfcamEdsce o O~ of
bet ween about 1:1 and 1000:1 and a flowrate ratio of TECS to PQO(C~H50) 3 of
bet ween alopprr diffusiemidtd the Orotganzt diglegirie dayar withdut kspuivengre bapwertla®r. The orr and
500 torr; at a tenperature of between about 25 C and 500 C, and with an
RRE power mtsehehweeionaboeduddfdbmettibs castidn@ 0@le tiattos. wellds rddeinglRGod of claim
10 wherein said inorganic dielectric |layer is doped with phosphorous at a
concent r adela3n of between about 1 weight-% and 9 wei ght-% by reacting TEGCS
with O- and PQ(CH30); in a plasma enhanced chem cal vapor deposition
process with a flowrate ratio of TECS to OZ of between about 1:1 and
1000:1 and a flowrate ratio of TECS to PQ(CH30)3 of between about | :I and

10005 5 PAGSFULE, e e el VDDA At gt

st ot Shol 580 e PR o T P P A
LI B e R PO
21 o SIS AR L SRS, LA S0 B £

pressure of between about 0.1 tort .
damascene interconnect. The passivation layer, etch stop layer, and cap layer would

comprise the same material (phosphorous and/or sulfer doped oxide) as the inorganic

dielectric layers.

While the inveﬁtion has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit and
scope of the invention. For example, phosphorous could be provided by triethyl

20 phosphite ((C,HsO)3P) or trimethyl phoéphite ((CH;0)3P), and the sulfur could be

provided by ammonium sulfide ((NH4)2S). Also, ozone could be used in place of

-
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and 500 tort; at a tenperature of between about 25 C and 500 C, and with
an RF power of between about 100 watts and 2000 watts. 16. The net hod of
claim 10 wherein said inorganic dielectric layer is doped with sulfer at a
concentration of between about 0.01 weight-% and 10 wei ght-% by reacting
TECS with OZ and H2S in a pl asma enhanced chemnical vapor dep03| tion process
with a f oW Etle~ratio of TECS to O~ of between about 1:1DRAFT060:1 and a
slow rate ratio of TECS to H2S of between about 1:10 and 1000:1; at a
pressure of between about 0.1 tort and 500 torn; at a tenperature of

bet ween about 25C and 500C; and with an RF power of between about 100 watts
and 2000 OWsgaNsandyinert gpses. Fr¢thesniGeeeal 2ad #2po. wv@r@ ysed 19 epriviiBe ERapt e
dielectric layer is doped with phosphorous at a concentration of between
about 1 seseghtiddatignallsg other geamosition arpgesies sudasthigh dansity plaveehemiedion of

bet ween about 0.01 wei ght-% and 10 wei ght-% by reacting silane with NZO
HAS, and de@sGHE0)E G YD porpiubstraosphérandeohich eapas deposapor(S 4€Yd)i couldrbepr ocess
with a flowrate ratio of silane to NzO of between about 1:10 and 1000:1, a
f 1 ow r at eisecatoi depafit the Hoped it@ghidSdieiechitlupe 2@bout 1: 10 and 1000: 1, and a
flowrate ratio of silane to PQ(CZH, O 3 of between about 1:1 and 1000:1; at
aspressure of between about 0.1 tort and 500 tort; at a tenperature of

bet ween about 25 C and 500 C, and with an RF power of between about 100
watts and 2000 watts. 19 18. The method of claim 10 wherein said
inorganic dielectric layer is doped with phosphorous at a concentration of
bet ween about 1 weight-% and 9 weight-%and with sulfur at a concentration
of between about 0.01 weight-% and 10 wei ght-% by reacting TECS with 0~, (
| 2S, and PQ(CZH50)3 in a plasma enhanced chem cal vapor deposition process
with ai7owrate ratio of silane to Oz of between about 1:1 and 1000:1, a
flowrate ratio of TECS to HzS of between about 1:10 and 1000: 1, and a fl ow
rate ratio of TECS to PQ(C~H;, O 3 of between about 1:1 and 1000:1; at a
pressure of between about 0.1 tort and 500 tort; at a tenperature of

bet ween about 25 C and 500C;, and with an RF power of between about 100
watts and 2000 watts. 19. The nethod of claim 10 wherein said inorganic
dielectric layer is used to forma nultiple damascene interconnect. 20
.ANY. A Ay. A . Ay. A
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gas.

4. The method of claim 1| wherein the plasma enhanced chemical vapor deposition
process is TEOS based and the reducing agent is phosphorous pro;/ided by PO(C,H;s0);

gas.

5. The method of claim 1 wherein the plasma enhanced chemical vapor deposition
process is TI:OS based and the reducing agent is phosphorous provided by PO(CH;30);

gas.
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10% & ()-3110% & ()-3/ 10% & ()- ,10% & ()- *@10% & ()-Z[\fhxY:/

10" &10%VEhrHgess kUME fgsed A& rddneih Uit () suFuZAOYRBY by b0 ifahe Wit MOdE: /
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10" 10M 1QM AQMALSHAGIMVE: () - 0" 1090VE () - F/ 109V ()- *31090vE () - &10%VE ()- ré&
| dEYNC

7. The method of claim 1 wherein the plasma cnhanced chemical vapor deposition

process is TIZOS based and the reducing agent is sulfur provided by reacting TEOS with

O» and H,S passes.

8. The method of claim | wherein the plasma enhanced chemical vapor deposition
process is silane based and the reducing agents are phosphorous and sulfur provided by

reacting silanc with N,O, H,S, and PO(C,H50); gasses.

9. The method of claim 1 wherein the plasma enhanced chemical vapor deposition
process is TZOS based and the reducing agents are phosphorous and sulfur provided by

reacting TEOS with O3, H,S, and PO(C,HsO); gasses.

I 10. A method for forming an inorganic dielectric layer with reduced susceptibility to
2 copper diffusion without a barrier layer, comprising the steps of:

3 a) providing a semiconductor str.ucture;

4 b) furming an inorganic dielectric layer on said semiconductor structure; wherein
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-

11. The method of claim 10 wherein said inorganic dielectric layer is doped with
phosphorous at a concentration of between about 1 weight-% and 9 weight-% by reacting
silane with N,O and PO(C,H;s0O); in a plasma enhanced chemical vapor deposition
process with a flow rate ratio of silane to N,O of between about 1:10 and 1000:1 and a
flow rate ratio of silane to PO(C,H;s0); of between about 1:1 and 1000:1;

at a pressure of between about 0.1 torr and 500 torr; at a temperature of between about

25°C and 500°C; and with an RF power of between about 100 watts and 2000 watts.

12. The method of‘claim 10 wherein said inorganic dielectric l.ayer is doped with
phosphorous at a concentration of between about 1 weight-% and 9 weight-% by reacting
silane with N>O and PO(CH;0); in a plasma enhanced chemical vapor deposition process
with a flow rate ratio of silane to N,O of between about 1:10 and 1000:1 and a flow rate
ratio of silane to PO(CH;0); of betweer; about 1:1 and 1000:1;

at a pressure of between about 0.1 torr and 500 torr; at a temperature of between about
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10" 10% &'p(h))sphlaQ)‘us 303 cdedtEaliBloo&béve 3LV &}e(g)ht-@é' 6 &'ei@ht-@ by reacting

.10% & () - JDTDDEWEEEEEdE: / 10z
TEOS with O; and PO(C,H;s0); in a plasma enhanced chemical vapor deposition process
with a flow rate ratio of TEOS to O3 of between about 1:1 and 1000:1 and a flow rate
ratio of TEOS to PO(C,Hs0); of between about 1:1 and 1000:1;

at a pressure of between about 0.1 torr and 500 torr; at a temperature of between about

25°C and 500°C; and with an RF power of between about 100 watts and 2000 watts.

14. The method of claim 10 wherein said inorganic dielectric layer is doped with
phosphorous at a concentration of between about 1 weight-% and 9 weight-% by reacting
TEOS with O, and PO(CH30); in a plasma enhanced chemical vapor dcposition process
with a flow rate ratio of TEOS to O, of between about 1:1 and 1000:1 and a flow rate
ratio of TEOS to PO(CH;30); of between about 1:1 and 1000:1;

at a pressure of betweén about 0.1 torr and 500 torr; at a temperattire of between about
25°C and 500°C; and with an RF power of between about 100 watts and 2000 watts.

15. The method of claim 10 wherein said inorganic dielectric layer is doped with
sulfur at a concentration of between about 0.01 weight-% and 10 weight-% by reacting
silane with N,O and H,S in a plasma enhanced chemical vapor deposition process with a
flow rate ratio of silane to N,O of between about 1:10 and 1000:1 and a flow rate ratio of

18
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16. The method of claim 10 wherein said inorganic dielectric layer is doped with
sulfer at a concentration of between about 0.01 weight-% and 10 weight-% by reacting
TEOS with O; and HsS in a plasma enhanced chemical vapor deposition process with a
flow rate'ratio of TEOS to O, of between about 1:1 and 1000:1 and a flow rate ratio of
TEOS to H»S of between about 1:10 and 1000:1; at a pressure of between about 0.1 torr
and 500 torr; at a temperature of between about 25°C and 500°C; and with an RF power

of between about 100 watts and 2000 watts.

17.  The method of claim 10 wherein said inorganic dielectric layer is doped with
phosphorous at a concentration of between about 1 weight-% and 9 weight -% and with
sulfur at a concentration of between about 0.01 weight-% and 10 weight-% by reacting
silane with N>O, H,S, and PO(C;H;s0); in a plasma enhanced che£nical vapor deposition
process with a flow rate ratio of silane to N,O of between about 1:10 and 1000:1, a flow
rate ratio of silane to H2S of between about 1:10 and 1000:1, and a flow rate ratio of
silane to PO(C,H;s0)3 of between about 1:1 and 1000:1; at a pressure of between about
0.1 torr and 500 torr; at a temperature of.' between about 25°C and 500°C; and with an RF
power of between about 100 watts and 2000 watts.
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process with a flow rate ratio of silane to O of between about 1:1 and 1000:1, a flow rate
ratio of TEOS to H»,S of betwecn about 1:10 and 1000:1, and a flow rate ratio of TEOS to
PO(C,H;50); of between about 1:1 and 1000:1; at a pressure of between about 0.1 torr and
500 torr; at a temperature of between about 25°C and 500°C; and with an RF power of

between about 100 watts and 2000 watts.

19.  The method of claim 10 wherein said inorganic dielectric layer is used to form a

multiple damascene interconnect.
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