; e3el\ 1Y$@U6TAK 7 PREVENTI NG PLASMA | NDUCED DAMAGE RESULTI NG FROM HI GH
DENSI TY PLASVA DEPGSI TI ON 5 BACKGROUND OF THE | NVENTI ON FI

| NVENTI ON - The present invention rel-ates to the field of EW, W@Wm
devices. More particularly, the present invention relates to a ne d
apparatus for 10 preventing plasma i nduced danmage that results 16 hi gh
density plasma deposition processes. RELATED ART In conventional in

Conpl i nenPa&BVBERT B G GLARM8aMIHOH DADAMAGMBE SUET NG iIFFROMabHGidat i on
processes, sem conductor devices are forned on a sem conductor substrate
using a thin gate oxi deOEYyeITY REASMA DERQASEEICH®t ween conducti ve regi ons
in the sem conductor substrate. Overlying netal interconnect structures
provi de for electrical connection to the underlying sem conductor devices.
20 As sem conductor devices continue to be reduced in size, fabrication
pr acesBATKGROUND &F THE INVENTIONM a-t hi n gate oxide |ayers. These
ultra-thin gate oxide |ayers are desirable for form ng sem conductor

devi ces having sizes smaller than 0.18 mcrons. However, one probl emthat
arises in the fabrication 25 of sub 0.18 m cron sem conductor devices is
that hi gh deg@shior 1earPBNTION- 2 deposition processes can damage the
underlying ultra-thin gate oxide layer, leading to device failures. Mre

par ti cul arl ype WagserRt it eHticHERMIEY t@kﬁép@mﬁm.&bﬁeu&bpa@%egs per f or ned
over a metal 1nterconnect structure ma charge i s conveyed through the

ret al M'&?@b%ﬁf&“u%i ngﬁé Eg #{rﬁ inveritidf r’é!?:ﬂéé itd b%eﬁdﬁh%a%ﬂ@%rﬂg the thin

gat e oxi de | ayer Ing in device l'ure processes

C%t ' “Hr%v%ﬂtnﬁg?:'lé‘snﬁ'é?‘ﬂ% ée'&edﬁ‘ﬁaﬁé lthaORshiRs $3Y hidh g@ﬁ% §fr [?I%smagh density

chemc vapor ep05|t| on processes has t0 reduced in
or der 48 gﬁfﬂlbﬁ( o@es\é% d-free dielectric | ayer. However, 10 deposition with
| ow depcyD I on- o spu ter rati o can-generate non-uni form plasma and can
cause radi ati on danmage to underlyi ng sem conductor devices. Recent
sem conductor fabrication processes have used a Un-doped Silica d ass(USG

i ner that j Ebgﬁ)o/gélred i mredi ately before high density 15 pl asma
deposi tion B to protect the underlying devices fromhigh density

pl asma rel at ed da Ho |sdffclttoot|mz M@ hi ckness
of the pre- tﬁ’ef)%\fet%zgn?‘ We& "P}ﬁ’{%a’yu Mg al; ch'ﬁﬁtS%'FP gpgtﬁ)ﬁg ?gt ect the
u erlyin xi de from hi nsi | asma re ated damage. A thick
Hoer fevide ?%%ffq'cfﬁgnfwcm% et dey EEn bt I ThTRY S8 ongi v r educes t he
gap i éémfé% % tor sﬁbstrate using a thin gate oxide layer that forms gates between
conductive regions in the semiconductor substrate. Overlying metal
interconnect structures provide for electrical connection to the underlying
semiconductor devices.
20
As semiconductor devices continue to be reduced in size, fabrication
process have evolved that use ultra-thin gate oxide layers. These ultra-thin
gate oxide layers are desirable for forming semiconductor devices having sizes

smaller than 0.18 microns. However, one problem that arises in the fabrication

25  of sub 0.18 micron semiconductor devices is that high density plasma
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*G00002*



20 the high density plasma deposition process. Therefore, it is difficult
to obtain a USG liner that is effective for protecting the netal

i nterconnect from plasma charge and t®&at does not significantly reduce the
gap-fill capabilities of the high density plasnma deposition process. Thus,

| asma rel ated damage often occurs.in spitfe of the use of a USG |iner(e.qg.,
gs a regﬁppsﬁpnrﬂfﬁﬁ P55 7R Fadags tf‘ﬁé"lggﬁfyf@ P‘"r?é&"bﬂaé%oé'dreé%?"o of corner

clipping).,, ~ -3 Wuat is needed is a nethod and, apparatus for preventing
pl asma 1erfliegdo Giﬁﬁéﬁefall‘é@él tMﬁ@a P?B'ﬁplﬁ”@{h wieRs? ﬂ"jﬂ"bﬂ%ﬁ'ﬂa\/ R8BS t i on
processes. In addition, a nmethod and apparatus is needed for preventing

pl asma dg@QedaNPraastys RYTAIMmedPrera Mmatal igiareopnedStierctune Plasea | yi ng
devices. In addition, a nmethod and apparatus is needed that is suitable for
sub 0. 18haTgs tsncanupypeddbicsighphedesied Ntemnagokstruciureihthe underbiptr at us i s
needed that does not reduce the gap-fill capability of the high density

pl asha deptosist ﬂamqg:irag:mt.hlrrgetmmd@dayewmqfe%mlqg tvdeldee dailseut i on to the
above needs. -4 SUMVARY OF THE | NVENTI ON The present invention provides
a nmet hod and apparatus for preventing plasma i nduced damage resulting from
hi gh density plasma deposition processes. Mre particularly, the method and
appar at us of Ash€éMD8 protessesroomtinue o scaleedown pihesdepasitibretatsplatterge t o
ultra-thin gate oxide of underlying sem conductor devices. In addition, the

met hod aaib ap pighaderssigf plasrmashessionl vapoerdepasition proceeddshaoto pab 0. 18
m cron fabrication processes and does not reduce the gap-fill capability of

t he hi ghurtlesrsiedyiced &s ordatapassliveoa void treedielébtriciayée Hoaeest, enbodi ment,
sem conductor devices are fornmed on a sem conductor substrate using

cony@nt idepakitizRtwias sow depbbitiopstespiutiet M car fenesstal sondHgd@n devi ces are
formed using an ultra-thin gate oxide

plasma and can cause radiation damage to underlying semiconductor devices.

Recent semiconductor fabrication processes have used a Un-doped

Silica Glass(USG) liner that is deposited immediately before high density

15  plasma deposition processes to protect the underlying devices from high
density plasma related damage. However, it is difficult to optimize the thickness
of the pre-deposited liner. A thin liner is not sufficient to protect the underlying
gate oxide from high density plasma related damage. A thick liner is effective
for preventing charging damage, but strongly reduces the gap-fill capability of

20 the high density plasma deposition process. Therefore, it is difficult to obtain a
USG liner that is effective for protecting the metal interconnect from plasma
charge and that does not significantly reduce the gap-fill capabilities of the high
density plasma deposition process. Thus, plasma related damage often occurs
in spite of the use of a USG liner(e.g., as a result of nonuniformities in the USG

25 liner or as a resulit of corner clipping).



| ayer that fornms gates between conductive regions in the sem conductor 15
substrate. These devices are connected to an overlying netal interconnect
structure that connects to the under-Byi ng sem conductor devices. The net hod
and apparatus of the present invention includes the deposition of Un-doped
Silica dass(USG to forma USG liner. In the present 20 enbodi nent, the
USG liner directly overlies the nmetal structure. A silicon-rich oxide is

t hen deposited to forma silicon-rich oxide liner. In the present

enbodi nent, WHat isingedesl isia medhod endiarparatysdeppeavesting ilasma i nmedi atel y
follow ng deposition of the USG |iner such that the silicon-rich 25 oxide
li ner dndeead Jamage|resdltingdrapsdigh densityralassia depesitior presesgest ilner
protects -5 the metal structure from plasnma charge during the subsequent
hi gh deatiiition, @ aetrodiepd appasaiupris ceeded Taepravgintingiasmapndeerd deposi ti on
process can then be perfornmed. 5 During the high density plasnma deposition
pr obesgJanage tnther Ulrartbirsgatiecaride iof theoxnderlying elevipesy dntaglditiorage t o
underlying structures. Mre particularly, because silicon-rich oxide has

| ower hmetnodearsd agparatisnis nemdedaihat & suitdtde fer SN0 indovah falsd@dtiomer, t he
use of a silicon-rich oxide liner is nore effective than conventional USG
| i ner s processaseniorapvéanmgeetbod iang dpmgiratiensineedptdabhabddés deposiucieon
processes. |In addition, because the silicon-rich liner is nore dense than a
conventthenp-filStapdbility of ahé high densityoplasmadépasition praoekti Ciient to prot ect
t he underlying netal structures fromcorner clipping; thereby preventing
et al  greseituhesntidgroprdvidetta sspAivadot theirpendgdiy. ge. By preventing
exposure of netal structures to plasna charge, danage to the ultra-thin
oxi de layer of 15 underlying devices is avoided. The thin silicon-rich

| iner of the present invention does not significantly reduce the gap-fil
capability of the high density plasma deposition process. Thereby, a
structure with good fill characteristics is obtained. 20 In the present
enbodi nent, the deposition of the USG liner, the deposition of silicon-rich
oxide liner) and the high density plasna deposition step are perforned
sequentially, without renoving the substrate fromthe deposition chanber.
Because the nmethod and apparatus of the present -6 invention is forned
usi ng sequential in-situ deposition steps, the present invention does not
significantly affect process flow or process throughput. The nethod and
apparatus of the present invention is suitable for sub 5 0.18 mcron
fabrication processes. Thus, as geonetry's continue to shrink in size, the
met hod and apparatus of the present invention effectively allows for



production of CMOS devices, preventing device failures associated with

pl asma-i nduced danmage resulting fromhigh density plasna deposition
processes. 10 The present invention pdevides a nethod and apparatus for
preventing plasma i nduced damage resulting from high density plasm
deposition processes. In addition, the present invention provides a nethod
and appaVMARY ORI EENVEYTEPNsma i nduced damage to the ultra-thin gate
oxi de of underlying 15 devices. In addition, the present invention provides
a net hod and Tdgpriieaentinveation Pravideals methnd aud appamtus deroprevaptingat i on
processes. Moreover, the present invention provides a nethod and apparat us
t hat do¢dasioa induneskdameaggapseiting feepabgh idepsity ptasenanidghosidinsi ty pl asma
deposition process. 20 These and other objects and advantages of the

pr esent provessesorMeid partieulany, Yty imetizod and apparatfis of thenpraseski || in the art
after having read the follow ng detail ed description of the preferred
enbofli mimeentiomatresentsi plassiariatdeded wanegey tr uitrasthir gaienoxie giir es. 7

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a nethod for preventing
pl asma iundlecigihgdsemigendestor dienigebr dmduditiord ¢ins methpd aswieaptsyagistéfon i n
accordance wth one enbodi nent of the present invention. 5 Figure 2 is a

si de cutth@ywpasetitanverition isetitablediertsab (U8 hicrsrefabrichtion peydenses famdred
t hereover and having interconnect structures fornmed thereon in accordance

wi t h onejgaehestiraBite He bEE-HNrQERIBIlitY BY & high ddribithi PasMadddpositigh agr am t hat
illustrates deposition ngUSG SO asyto for ‘rgha USGEIFigner tha‘:itb overlies the
st.ruct urgodss. Figure 2 in accordance with one enbodinent of the present

i nventi on.
10

In the present embodiment, semiconductor devices are formed on a
semiconductor substrate using conventional methods. In the present
embodiment, semiconductor devices are formed using an ultra-thin gate oxide
layer that forms gates between conductive regions in the semiconductor

15  substrate. These devices are connected to an overlying metal interconnect

structure that connects to the underlying semiconductor devices.

The method and apparatus of the present invention includes the
deposition of Un-doped Silica Glass(USG) to form a USG liner. In the present

20 embodiment, the USG liner directly overlies the metal structure.

A silicon-rich oxide is then deposited to form a silicon-rich oxide liner. In
the present embodiment, the silicon-rich oxide liner is deposited in-situ
immediately following deposition of the USG liner such that the silicon-rich

25 oxide liner directly overlies the USG liner. The silicon-rich oxide liner protects



Figure 4 is a diagramthat illustrates the deposition of, silicon-rich
oxide .. .. 15 so as to forma silicon-rich oxide liner that overlies the
structure of Figure 3 in accordance vB-th one enbodi ment of the present
invention. Figure 5 is a diagramof the structure of Figure 4 after a high
density plasma deposition step has been perfornmed in accordance with one 20
embodi et Metalihichre et Nlaseatahgrge duripg tnEsupseayent Scgh Fensity oF THE

| N\VENTION In the foll owi ng detail ed description of the present invention,
nurrer ouBlaspecfepesitiet P e set forth in order to provide a thorough
under standi ng of the present invention. However, it wll be recognized by
one skilled in the art that 5 the present invention nmay be practiced

wi t hout these specific details or with equival ents thereof. In other

i nst ances, weghe higlvdensitt piadera gepasition esocessnfauntivenshe prdoonedui t s have
not been described in detail as not to unnecessarily obscure aspects of the
pr esent Diunmgrthe drigh tiénfity prasnia skpuositian meobess, tlve updergingi silicgai-deha | nduced
damage resulting from high density plasm deposition processes in

accor daoxidevireh poenerdsridachagento ondérhéngsbeetures. nivieome ipamticlHangt , as shown by
step 101, Undoped Silica dass(USG is deposited. In the present

enmbodi mpetauddSsilicen-Aeh@sideetas towei highadarsity pldsmaramdsél rateehan kb
Continuing with step 101, in the present enbodinent, USG is deposited so as

t o for ntenkérfionan IS frén sha usBictlnsifisorptich 'oXMIedfhdrds 206r o Bifsdtivens.
However, the present invention is well adapted for use of a USG |i ner

havi ng HdeEodVErfiIbASFEISE 1iRrsShi preveRfing Hhﬁfhgfeodlﬁirfq:hfb%ldeﬁﬂtw&l@isg@wi nent

of the present invention, the reflective index of e USG | i ner

conig ol hggosifioh RPoéedBE. 9h abidhivor, BetaiSe & FichS-rRAAMERis FitsE ddhdeuni ng the

Oz to USG ratio and the source RF power to achieve USG deposition having

the desg{aﬁﬁa g%hb&%&idﬂaﬁ né@qﬁﬁ%la thifh RfticBR&RANIne? s SOMRAINTRG orotekpthePover s

not use eposition step
underlying metal structures from corner clipping; thereby preventing metal
structures from being exposed to plasma charge. By preventing exposure of

metal structures to plasma charge, damage to the ultra-thin oxide layer of

15  underlying devices is avoided.

The thin silicon-rich liner of the present invention does not significantly
reduce the gap-fill capability of the high density plasma deposition process.
Thereby, a structure with good fill characteristics is obtained.

20

In the present embodiment, the deposition of the USG liner, the
deposition of silicon-rich oxide liner, and the high density plasma deposition
step are performed sequentially, without removing the substrate from the

deposition chamber. Because the method and apparatus of the present



_g_ Figure 2 shows an exenplary structure that can be damaged by plasm
charge produced in a high density plasna deposition process. In this
enbodi nent, sem conductor substrate 200 is shown to have structures 201 5
formed thereover. In the present enbodi nent, structures 201 incl ude

sem conduct or devi ces(not shown) that are forned on silicon substrate 200.
| n one &wieotdomenformeehusiog deguentialanisitesdepositfoor steds usiengresentl t ra- t hi n
oxi de |l ayer that extends between conductive regions formed within the

si | i coninvebion aloes2@0 sigrificzonlyi aftach grodess fleiwgar pratessnhtdghpuesent

enbodi nent, structures 201 include interconnect structures 202 that are
sel ectively electrically connected to the underlying sem conductor devices.
In the present enbodi nent, interconnect structures 202 are netal

i nt er connect Thehipu@iodrand AspMatseot thbpresyenhivemtiorsiselilabisiegrigmh for the
use of interconnect structures 202 that are nade of other materials.

Strugt upes ridroh Jabmshtion FrefesExluqhos, 8888bhg’ LEShtHR foegHmkent ati ve of
structures that can be protected according to méthod 100 of 20 Figure 1.

Hovever giz@eiHomelitdl 8hd Bppdfdtud of he'Breset avieRtloh @ffe@fif’%l?cénb% fgfher types

of structures that are susceptible to damage as a resu of high density

pl asma g%&ﬂtibh% OO agGRes 5ieREhting g?%g%tcfaﬁitlfrieglﬁs%oéiaté@%viﬁ ructure of

Fi_gure I's shown after 25 deposition ereover 1 n accordance with

step 10 |} ¢ i i ; een that USG
I i ner 2@5@@F?33#F§d§¥%ﬁ?§§£@%'2”@??@%?%$L§€@ﬂ§€ g?gkﬁgéﬁggg?@tected from
pl asnma Pnﬂk% L. €., interconnect structures 202). Next, as shown by step
102, sificon-rich oxide is deposited. In the 5 present enbodi nent, the
siI{&on-rich oxide is deposited in-situ immedi ately follow ng the
deposition of the USG liner so as to forma silicon-rich oxide |iner.

The present invention provides a method and apparatus for preventing
plasma induced damage resulting from high density plasma deposition
processes. In addition, the present invention provides a method and apparatus
for preventing plasma induced damage to the ultra-thin gate oxide of underlying

15 devices. In addition, the present invention provides a method and apparatus
that is suitable for sub 0.18 micron fabrication processes. Moreover, the present
invention provides a method and apparatus that does not reduce the gap-fill

capability of the high density plasma deposition process.

20 These and other objects and advantages of the present invention will
become obvious to those of ordinary skill in the art after having read the
following detailed description of the preferred embodiments that are illustrated

in the various drawing figures.



In the present enbodinment, the in-situ deposition process results in a
silicon rich oxide liner that directly overlies the USG liner. 10
Contihuing with step 102, in the presént enbodi nent, silicon-rich oxide is
deposited so as to forma silicon-rich oxide liner having a thickness of
from 300 to 600 Angstronms. However, the present invention is well adapted
for use RIRIEL BESCEBRTIONIOB i DRAWINGSYi ng ot her t hi cknesses. 15
Continuing with step 102, in the present enbodiment, the reflective index
of the silicdriguiech sbewae maiked ffer prGNERBNY etRSMA ikicesndamage 1. 50 to 1. 70.
This is acconplished by tuning the Oz to SiH4 ratio and the source RF power
to achi eeeulsingifsun-higte Heosiuplagepodepesiondy argordaaceawil eder ef | exi vity

i ndex. In the present enbodi nent, bias power is not used in deposition step
102. 20 el?hlgcurﬂimeﬁt@lhdmpt&%tim\(ﬁrﬁione of Figure 3 after deposition of a

| ayer of silicon-rich oxide so as to formsilicon-rich oxide liner 204. It
can be seen that silicon-rich oxide liner 204 directly overlies USG |iner
203. -11 Steps 101-102 of Figure 1 illustrate specific deposition

par anmet ers sutihues? ipasided eviedway vieve lohassersicoeductombelsstrgtedwyisy par anet er s
are exenplary only. The nethod and apparatus of the present invention is
wel | suideattdsoforineduhercdivepthdrhavimg ftecanand stepmsids formpdrtherdoeria f or
formng a USG liner and 5 an overlying silicon-rich oxide liner. Referring
now to sfceprddhte Witle oiedmBsditdnt dilths Prestaaavdritiom. process is performed.

In the present enbodinent, a dielectric material such as, for exanple USG

i s. deposited using a high density plasma chem cal vapor 10 deposi tion
process. However, the present invention is well adapted for use of any of a

nunggr of di fmgn@ﬂ@ @a%gmﬁstﬁa\r iIRIsBrares é@mﬂldn eNUBIPSE =3B fafi ot he
deposition of Oother materials. Figure 5 shows the structure of Figure 4

after a %th@@ﬁéﬂ?’ve‘?h&sﬂ% é{?ﬂcﬂ@i@éfﬁ Fe PriRGRESrdimeehfien opgr f ormed so as

to formdielectric layer . I't can bé seen that dielectric |ayer 205

direct! yahN& obithd ventiope |1 ner 204. Steps 101 and 102 of Figure
1 resul terﬁ% étilh{é??or rraéf Pon cl)-}f‘ ém ﬁcon rich
Figure 4 is a diagram that illustrates the depositipn of silicon-rich oxide
15 so as to form a silicon-rich oxide liner that overlies the Structure of Figure 3 in

accordance with one embodiment of the present invention.

Figure 5 is a diagram of the structure of Figure 4 after a high density
plasma deposition step has been performed in accordance with one

20 embodiment of the present invention.



oxide liner 204 that prevents damage resulting from high density plasm 20
deposition step 103. Mire particularly, silicon-rich oxide |liner 204 covers
and protects nmetal structures 201 of -4 gures 2-5 during high density plasna
w deposition step 103. This prevents plasma i nduced damage to underlying
devices and/or structures(e.g., netal structures 202 and underlying

st r uct usT AlbEDIPEFCAIPE @-éEﬁHﬁiN\éENT@Uur as a result of high density
pl asma deposition 25 step 103. -12 In the present enbodi nent, the USG

| i ner preventnthaufalleming dalelgd descriptorwéitie present ireveddipos nuewreus i con-rich
liner is too silicon rich. That is, in the exanple shown in Figures 2-5,
USG | i nepeqific detailsearessat dortein ordarkageovidetehthosowgrenndetstandingiof dme ri ch
liner 202 is too silicon rich(thereby possibly conducting current to netal
st r uct upessetd ) verienaddewsver, domitl hectecoghnidedipsoneskitietiiimthalartthaly pl asma
renoval rate than a conventional USG |iner, the use of a silicon-rich oxide
| i nes i sherpresehd irefehtiohinay bearactivectewithomatheblSepktifierdetails or eitent i ng
damage during high density plasma chem cal vapor deposition processes. In
addi t i orqubetais endreef.sirl othenindtahced, vesil kisowm htetieds probedusgonvent i onal
USG liner, a thin silicon-rich liner is sufficient to protect the

under | yicBghpoileats, Sindusitcuits Havethot biinadlestiribegtinidesaiPd2 nef td-i gures 2-5) from
corner clipping; thereby preventing netal structures 15 from bei ng exposed

to pl asypnebasaRily dBScurei dspdictd 6Pthe’ prelBeht i@en@én.t he present invention does
not significantly reduce the gap-fill capability of the high density plasm

deposition process. Thereby, a structure with good fill characteristics is
obtained. 20 In the present enbodi nent, steps 101-103 are perforned

se ntiallyg; LRAS . i ity tep 101 i's
pe??gr med, ?‘/c'):lll o@dkﬁ%\rﬁ}%?gﬁgﬁ/&@ pSrI P?fgtbdr?ﬁ?liagﬁ%o@?ggégtgggg#on(pstep )102),
whi ch i g4 [ f i j hEd tep 103).
Fach of TSN LR o G bl TR M P it
substrate S NFbdiferi 0P AR bté¥nt invention. First, as shown by step 101, Un-

doped Silica Glass(USG) is deposited. In the present embodiment, USG is

deposited in-situ so as to form a USG liner.

15
Continuing with step 101, in the present embodiment, USG is deposited
so as to form a USG liner having a thickness of from 50 to 200 Angstroms.
However, the present invention is well adapted for use of a USG liner having
other thicknesses.
20

Still referring to step 101, in one embodiment of the present invention,
the reflective index of the USG liner is controlled in the range of 1.45 to 1.46.
This is accomplished by tuning the O, to USG ratio and the source RF power to
achieve USG deposition having the desired reflexivity index. In the present

25 embodiment, bias power is not used in deposition step 101.



-13 chanber. Because the nethod and apparatus of the present invention is
formed using sequential in-situ deposition steps, the present invention
does not significantly affect process9low or process throughput. 5 The

nmet hod and apparatus of the present invention is suitable for sub 0.18

m cron fabrication processes. Thus, as geonetry's continue to shrink in
size, the nethod and apparatus of the present invention effectively all ows
for productiog_of devices,lﬁreventin% device, fajlures associated with
pl asma- i nduce '%éﬁ‘r%%sor”‘@s%'i‘te%ﬁﬁ‘ Y AMCHH dBﬁ%%’}/bBIdﬂ'ﬁg%Bbﬁ%rﬁ% 10
processes. The present invention provides a nethod and apparatus for
prevent i ?fbarﬁﬁa{gﬁ‘éu‘F%lib%(ﬂ“%ﬁ’ﬁ@@“EB'@ﬁmq AgPITi¥Rn RIAReSaed8itty pl asma
deposition processes. In addition, the present invention provides a nethod
and appa¢@bagdiments éem,!mwmqrrﬁybﬁrramog e 6B@dN damaye steictwes @l a-t hin
gate oxide of underlying devices. In addition, the present invention

pr ovibdesfosmedttheweones 4ppe atasent renbodiment, stibrkires 203 wclodas i cron
fabrication processes. Mreover, the present invention provides a nethod
and appasemicontheator dericenpiotshowry thateargdprrned loncsilicas subsiraié 200e Ihi gh
density plasnma deposition process. 20 In the present enbodi nent, steps 101
and 102 orfie Enmthodiméngrsemiescdidieddasicésané hoyned gsingiareultmathia oxidei con-ri ch
oxjde liner, respectively. However, it is appreciated that the term"liner"
refers tlayar thea exteidsnibdtevaenl contuctive régiobSGimeat withor thedsilicorst ep 101 is a
| ayer of USG material. Simlarly, the silicon-rich 25 oxide liner formed in
step 102sulsstemté 200r of silicon-rich oxide. -14 Wiile the present

i nvention has been described in particular enbodi nents, it should be
appri@eci ated that the present invention should not be construed as limted
by such enbodi nents, but rather construed according to 5 the bel ow cl ai ns.

-15 CLAI M5 Whgbnfisuifig avifFeRiguse 25 inlthe’pragehpdmbbotinné ity efttictigepbasne i nduced
damage resulting from high density plasma deposition processes, said nethod

conpri sijpgludesnfdrEdndtt 'stribn e 202! thabatdsélgprrblpeldcticdiyassrirdeted gyer a

sem conductor substrate having structures fornmed thereon’so as to forma
USG | i nephet iffderBR] Sefcoriuetoridedided Qﬁ?thé(brlbéerﬂ%?ﬁ;ﬁbéi%t,s' l'icon-rich

oxi de over sald’USG liner so as to forma silicon-rich liner that directly

over | i esinfcOnMR® stiukires 202 &b MBI HtEtddmnacldl FoWeNS te BlésR deposition
process, said silicon-rich
15 invention is well adapted for the use of interconnect structures 202 that are

made of other materials.

Structures 201 formed on semiconductor substrate 200 are
representative of structures that can be protected according to method 100 of
20 Figure 1. However, method 100 of Figure 1 is well adapted for protecting other
types of structures that are susceptible to damage as a result of high density

plasma deposition processes.

Referring now to Figure 3, the structure of Figure 2 is shown after

25 deposition of USG thereover in accordance with step 101 of Figure 1 to form



oxi de liner preventing damage resulting fromplasm charge to said
structures during said high density plasna deposition process. 15 2. The
met hod of Claim 1 wherein step a) is-I¥erformed such that the reflective
index of said USG liner is in the range of 1.45 to 1 46 3. The met hod of

Claim1l rein erfor at. th .eflective index of
said si M@‘Sd'”ﬁf 8@5 h%% |D§ %peﬁ”t‘ﬁépﬁgﬁg (%@'66‘?‘ qveif jes dhe $KECtHRod of
Claim 2 wherein step a) i s perforned such that said USG |iner has a

t hi cknedRatA@r eH@tQﬁe@r‘Pt%eﬁrﬂ@”@@@SNF@QE‘W@%' e.pinteyconnect ltiucderes208)ai m 3

wherein step b) is perfornmed such that said silicon-rich [iner has a

t hi ckness of between 300 and 600 Angstrons. -16 6. The nethod of daiml
wherein steps a) through c) are performed sequentially in a deposition
chanber, wi t NaM, 22FBOWARYsSHPA 1Q2b§ﬂlﬁamérchrcmﬁes§ derpsiesi tindhechamber. 5 7.
The method of Ol aim6 wherein step c) is a high density plasma chem cal
vapob depesent embediomsd sthensiticerefies iokideaisdlepiosiediia-sitatimmediatedy The met hod
of Claim?7 wherein step c¢) is a high density plasma 10 chem cal vapor
deposi t ifollowingdbe slephaitiodeyf dbe tES@IGer s .asAorfetrhaisitioonwichvaxidé hgerpl asnma

i nduced damage resulting from high density plasm deposition processes,

sai d netlhdle poegerit @mizgpdimeng ttbpsn-situ depotibion prgcess res wtsnin cositicart-or
sybstrate, a plurality of sem conductor 15 devices and at | east one

conduct irich oxitletinenthat direstly dvetliesdhstUS@dinennduct i ve i nt er connect
selectively electrically coupled to ones of said plurality of sem conductor
devi ces; b) depositing Un-doped Silica dass(USG over said sem conduct or

10 Continuing with step 102, in the present embodiment, silicon-rich oxide is
deposited so as to form a silicon-rich oxide liner having a thickness of from 300
to 600 Angstroms. However, the present invention is well adapted for use of a

silicon-rich oxide liner having other thicknesses.

15 Continuing with step 102, in the present embodiment, the reflective index
of the silicon-rich oxide liner is controlled in the range of 1.50 to 1.70. This is
accomplished by tuning the O, to SiH, ratio and the source RF power to
achieve silicon-rich oxide deposition having the desired reflexivity index. In the
present embodiment, bias power is not used in deposition step 102.

20

Figure 4 shows the structure of Figure 3 after deposition of a layer of
silicon-rich oxide so as to form silicon-rich oxide liner 204. It can be seen that

silicon-rich oxide liner 204 directly overlies USG liner 203.



substrate so as to forma USG liner that directly overlies said at | east
one 20 conductive interconnect; c) depositing silicon-rich oxide over said
USG liner so as to forma silicon-ri-¢h-liner that directly overlies said
USG | iner; and d) performng a high density plasnma deposition process) said
silicon-rich_oxide |iner preventing damage to sai d sem conductor devices
during said Rigps Y& (‘!@ﬁé%ft':yglﬁﬂea% Hﬁlséfé‘b%%??'% dgpgeities paramgetersmuchine net hod
of Caim9 wherein ste performed such that the reflective index of
sai d US& PPWerF 'Q\?'%ﬁh'tcﬁ@%%ﬁg@t‘bf Theag precessqprameteigcaretn@mriand USG | i ner
has a thickness of between 50 and 200 Angstroms. 5 11. The method of Claim
9 wher ePRystld} ®ethad ped pepatalus ¢ the peasenhinvestipr s Wed suiigestodhe sai d
silicon-rich finer is in the range of 1.50 to 1.70 and such that said

si | i conusé ehothengro¢esses and depesitonparmelesh fgoboraning e0dSEarrantd. 10 12.
The nethod of Claim9 wherein steps b) through d) are perforned

seqfent amloverlyingasitiepoesch ioxidecagrber wi t hout renoving said substrate from
sai d deposition chanber. 13. The nmethod of Claim9 wherein step d) is a

hi gh density plasma 15 chem cal vapor deposition process that deposits USG
14. A structure forned over a sem conductor substrate, said structure
conpri si ng: Refd$finginoey to stepd 035En¢é ihigh' ddnsifyoslasmavdepasitiah peitessiigluct or
substrate 20 such that said USG |iner overlies an interconnect structure; a
si | i conpeffetmei fethd presentaindodirhéntpa-dielebtriexndierial sech disy et |y overl yi ng
said USG liner; and a |ayer of dielectric material deposited using a high

densi t ye)@émprmusw% depositgd asiegsa high dehsivieplasinaddiedmictl vaport er i al
directly overlying said |ayer
10  deposition process. However, the present invention is well adapted for use of
any of a number of different high density plasma deposition processes and the

deposition of other materials.

Figure 5 shows the structure of Figure 4 after a high density plasma
15 deposition process has been performed so as to form dielectric layer 205. It can

be seen that dielectric layer 205 directly overlies silicon-rich oxide liner 204.

Steps 101 and 102 of Figure 1 result in the formation of a silicon-rich
oxide liner 204 that prevents damage resulting from high density plasma
20 deposition step 103. More particularly, silicon-rich oxide liner 204 covers and
protects metal structures 201 of Figures 2-5 during high density plasma
deposition step 103. This prevents plasma induced damage to underlying
devices and/or structures(e.g., metal structures 202 and underlying structures
201 of Figures 2-5) that can occur as a result of high density plasma deposition

25 step 103.



25 of silicon-rich oxide. 18 15. The structure of C aim 14 wherein the
reflective index of said USG liner is between 1.45 and 1.46. 5 16. The
structure of Caim 14 wherein the rel2ective index of said silicon rich
liner is between 1.50 and 1.70. 17. The structure of Caim 15 wherein said
USG liner has a thickness of between 50 and 200 Angstrons. 10 18. The
structure of Claim16 wherein silicon-rich liner has a thickness of between
300 and 600 Angstrons. 19 é’_he structure. of Claim 14 wherein said |ayer of
dielectric natiBRiRIPSa? ¢BRsdmay. ihe ‘@h%@p"f&%f RreVeRis aisIYile@Rra8sNif®a hi gh
density plasma chem cal vapor deposition process. 20. The structure of

d ai m 19Veidhali thedanesited siicanmicey lingrig daq siticen dedy iThat 1Sy iR Hhects to

sem conductor devices, said silicon-rich oxide liner 20 preventing damage
to sai deXHAPIECTANA Bt Figaves 8D, \éSGI lines @0 yRVENssHIre dpalageninsthed

i nterconnect structure during said high density plasnma deposition process.
. Af 5A .av@zrt'thatwmon-ngmlnml;&z/n@!tomSEngn rish(themdly possiblaiconsuengn . A

current to metal structures 202).

Because silicon-rich oxide has lower high density plasma removal rate
than a conventional USG liner, the use of a silicon-rich oxide liner is more
10 effective than conventional USG liners in preventing damage during high
density plasma chemical vapor deposifion processes. In addition, because the
silicon-rich liner is more dense than a conventional USG liner, a thin silicon-rich
liner is sufficient to protect the underlying metal structures(e.g., metal structures
202 of Figures 2-5) from corner clipping; thereby preventing metal structures

15  from being exposed to plasma charge.

The thin silicon-rich liner of the present invention does not significantly
reduce the gap-fill capability of the high density plasma deposition process.
Thereby, a structure with good fill characteristics is obtained.

20

In the present embodiment, steps 101-103 are performed sequentially in
an in-situ process. That is, USG deposition (step 101) is performed, followed
immediately by silicon-rich oxide deposition(step 102), which is immediately
followed by high density plasma deposition(step 103). Each of steps 101-103

25 are performed sequentially, without removing the substrate from the deposition
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20
In the present embodiment, steps 101 and 102 of Figure 1 are described

as forming a USG liner and a silicon-rich oxide liner, respectively. However, it
is appreciated that the term “liner” refers to a layer of material. Thus, the USG
liner formed in step 101 is a layer of USG material. Similarly, the silicon-rich

25 oxide liner formed in step 102 is a layer of silicon-rich oxide.
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density plasma deposition processes, said method comprising the steps of:
a) depositing Un-doped Silica Glass(USG) over a semiconductor
substrate having structures formed thereon so as to form a USG liner that
overlies said structures;
10 b) depositing silicon-rich oxide over said USG liner so as to form a
silicon-rich liner that directly overlies said USG liner; and
c) performing a high density plasma deposition process, said silicon-rich
oxide liner preventing damage resulting from plasma charge to said structures
during said high density plasma deposition process.
15
2. The method of Claim 1 wherein step a) is performed such that the

reflective index of said USG liner is in the range of 1.45 to 1.46.

3. The method of Claim 1 wherein step b) is performed such that the

20 reflective index of said silicon-rich liner is in the range of 1.50 to 1.70.

4. The method of Claim 2 wherein step a) is performed such that said

USG liner has a thickness of between 50 and 200 Angstroms.

25 5. The method of Claim 3 wherein step b) is performed such that said

silicon-rich liner has a thickness of between 300 and 600 Angstroms.
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6. The method of Claim 1 wherein steps a) through c) are performed
sequentially in a deposition chamber, without removing said substrate from said

deposition chamber.

7. The method of Claim 6 wherein step c) is a high density plasma

chemical vapor deposition process that deposits a dielectric material.

8. The method of Claim 7 wherein step ¢) is a high density plasma
10  chemical vapor deposition process that deposits USG.
9. A method for preventing plasma induced damage resulting from high
density plasma deposition processes, said method comprising the steps of:
a) forming, on a semiconductor substrate, a plurality of semiconductor
156  devices and at least one conductive interconnect, said at least one conductive
interconnect selectively electrically coupled to ones of said plurality of
semiconductor devices;
b) depositing Un-doped Silica Glass(USG) over said semiconductor
substrate so as to form a USG liner that directly overlies said at least one
20 conductive interconnect;
c¢) depositing silicon-rich oxide over said USG liner so as to form a
silicon-rich liner that directly overlies said USG liner; and
d) performing a high density plasma deposition process, said silicon-rich
oxide liner preventing damage to said semiconductor devices during said high

25 density plasma deposition process.
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TETTTTAEYNGS, 4 - 1078/ of Claim 9 wherein step b) is performed such that the

reflective index of said USG liner is in the range of 1.45 to 1.46 and such that

said USG liner has a thickness of between 50 and 200 Angstroms.

5
11. The method of Claim 9 wherein step c) is performed such that the
reflective index of said silicon-rich liner is in the range of 1.50 to 1.70 and such
that said silicon-rich liner has a thickness of between 300 and 600 Angstroms.
10 12. The method of Claim 9 wherein steps b) through d) are performed

sequentially in a deposition chamber without removing said substrate from said

deposition chamber.

13. The method of Claim 9 wherein step d) is a high density plasma

15 chemical vapor deposition process that deposits USG.

14. A structure formed over a semiconductor substrate, said structure
comprising:

a USG liner, said USG liner disposed over said semiconductor substrate

20 such that said USG liner overlies an interconnect structure;

a silicon-rich oxide liner, said silicon-rich oxide liner directly overlying
said USG liner; and

a layer of dielectric material deposited using a high density plasma
deposition process, said layer of dielectric material directly overlying said layer

25 of silicon-rich oxide.
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‘ 17. The structure of Claim 15 wherein said USG liner has a thickness of
between 50 and 200 Angstroms.
10
18. The structure of Claim 16 wherein silicon-rich liner has a thickness of

between 300 and 600 Angstroms.

19. The structure of Claim 14 wherein said layer of dielectric material
15 deposited in step c¢) is USG deposited using a high density plasma chemical

vapor deposition process.

20. The structure of Claim 14 wherein said interconnect structure
electrically connects to semiconductor devices, said silicon-rich oxide liner
20  preventing damage to said semiconductor devices resulting from plasma
charge to said interconnect structure during said high density plasma

deposition process.



