-1 [17 JAN 2006 PREVENTI NG PLASMA | NDUCED DAMAGE RESULTI NG FROM HI GH

DENSI TY PLASMA DEPCSI TI ON 5 BACKGROUND OF THE | NVENTI ON FI ELD OF THE

| N\VENTI ON The present invention retlites to the field of se o (m&b
devices. Mre particularly, the present invention rel ates t & @fbd and
apparatus for 10 preventing plasma i nduced damage that results from high

Compl | e RES Y NG %«%%@%&ﬁf@ééﬁﬁ@e&wé%(?%@Jﬁﬁ’@&?ﬁi\%ﬁ?2Lti on

processes, semi conductor devices are on.a sem conductor substrate
using a thin gate oxi d@fi"ﬁgr\'ijﬁé\s“%r%':@&%@%et ween conductive regions
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
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FIELD OF THE INVENTION

The present invention relates to the field of semiconductor devices.

More particularly, the present invention relates to a method and apparatus for

10  preventing plasma induced damage that results from high density plasma

deposition processes.

RELATED ART

In conventional in Complimentary Metal Oxide Semiconductor (CMOS)
15  device fabrication processes, semiconductor devices are formed on a
semiconductor substrate 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 ulira-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




smal'ler than 0.18 m crons. However, one problemthat arises in the
‘fabrication 25 of sub 0.18 m cron sem conductor devices is that high
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underlying ultra-thin gate oxide | ayer, |eading to device i i 196Ne 200bvor e
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liner that is deposited i medi ately before high density 15 pl asma
deposition processes to protect the underlying devices fromhigh density
pl asma rel ated damage. However, it is difficult to optimze the thickness
of the preAdcpMEI$ prodasses continue o sealerdown nbe RISt SRIEr ot ect t he
underlying gate oxide fromhigh density plasm related damage. A thick
| i ner rato of !higbtdensityfmsrpa@hemltﬁglmrcépﬁgltl@ﬁrﬁgé?siﬁ& hag foRE1 y reduces
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further reduced in order to deliver a void-free dielectric layer. However,
10 deposition with low deposition-to-sputter ratio can generate non-uniform

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-fili 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 resuit of nonuniformities in the USG

25 liner or as a result of corner clipping).




20 the high density plasma deposition process. Therefore, it is difficult
to obtain a USGliner that is effective for protecting the netal
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processes. Moreover, a method and apparatus is needed that does not reduce

the gap-fill capability of the high density plasma deposition process. The

present invention provides a solution to the above needs.




processes. More particularly, the nethod and apparatus of the present 5

i nvention prevents plasma-induced damage to ultra-thin gate oxi de of

under | yi ng seni conduct or devices. t4r addition, the nethod gd par at us of
the present invention is suitable for sub 0.18 micron fabrﬁ‘ adﬁﬁn?ﬁﬂﬁocesses

and does not reduc -fill capability of the high density plasma
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metal interconnect structure that connects to the underl {ng sem conduct or
devi cpmceshes.mblaredattieniappahatustned anbappasbig of Wpehieestl | ncl udes ¢ he
deposi tion of Un-doped Silica Gass(USG to forma USG liner. In the
prieseintvepor predinte plasmadndsed damacgi tPadtrayhisueaieiadde RE netal structure.
A silicon-rich oxide is then deposited to forma silicon-rich oxide |iner.
In t hadegsesenvobudictendevice® # Riiditieny thenmedhaband goparatugosi t ed
in-situ imediately follow ng deposition of the USG |iner such that the
si | i cgfe piezen2mvextide i$ sotabldifoesul Y. 1B ericropdablieatigg@rdossses e
silicon-rich oxide liner protects -5 N

does not reduce the gap-fill capability of the high density plasma deposition

process.

10

In the present embodiment, semiconductor devices are formed on a
semiconductor substrate using conventional methods. [n 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 sificon-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




11. | JAN 2006 the metal structure from plasma charge during the subsequent
“high density plasma deposition process. The high density plasma deposition
process can then be performed. 5 Dffing the high density gi deposi tion
process, the underlying silicon-rich oxide |iner prevent 3§§3§e2ﬁ5
underlying structures. re particularly, because sil.icon-rich oxide has
| over the getdletdictyredragmias'a fg?gPQnéﬁQ%SHBS®@ﬁv§HF9Bﬁ%PSG§G liner, the
use of a silicon-rich oxide liner is nore effective than conventional USG
| i ner §lasmapHepesitiPRPraad®e during high density plasma 10 deposition
processes. In addition, because the silicon-rich liner is nore dense than
a conventional USG liner, a thin silicon-rich liner is sufficient to
protect the wunderlying nmetal structures fromcorner clipping; thereby
prevent i ng Thetrgh deppily plaseRa depasiien mjoesssostythed be RSHOTEREr ge. By
preventing exposure of netal structures to plasnmm charge, danage to the
ul 5 r aDuing thri kgh Ideyesity plastea wegesitipnyodess. dbe Unsleayticialicomnent hi n
silicon-rich liner of the present invention does not significantly reduce
t he gapidiliner papadritsidaynage tchendedinastroctujepl dore pigpeditlyon process.
Thereby, a structure with good fill characteristics is obtained. 20 In the
pr eseptcandwdilicemtichtdede @pedowinhighf densityusasinanemovahated®adsa t i on of
silicon-rich oxide liner, and the high density plasna deposition
conventional USG liner, the use of a silicon-rich oxide liner is more effective

than conventional USG liners in preventing damage during high density plasma

10 deposition 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 from comer 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



step are perfornmed sequentially, w thout renoving the substrate fromthe

- deposition chanber. Because the nethod and apparatus of the present -6- [17
JAN 2006 invention is fornmed using-sequential in-situ de ijtion st eps,
the present invention does not significantly affect procegﬁ fUAN/ﬂmﬁprocess
t hroughput. The method and apparatus of the present invention is suitable
for sinbenfoisl®rmedraming abnuecatidlon-sitalapesdion gteps, thespigsehet ry' s conti nue
to shrink in size, the nmethod and apparatus of the present invention

ef f ecinveslion abbowst ignifiqantyudteicb prasfieseNo® deplasess thicagdpti-ng devi ce
failures associated with plasnma-induced danage resulting from high density
pl asma deposition processes. 10 The present invention provides a nethod
and apparatus for preventing plasna induced danage resulting from high

density pl araen6tEpaSIHD AFparateceishepresentiddentianis suieble e i nventi on
provi des a nethod and apparatus for preventing plasnma i nduced danmage to

the uphtkanidbm iaRicatienieceisasndgnliyj aggébmetyiscesntinue adtiriikdn, t he
present invention provides a nethod and apparatus that is suitable for sub

0.18 g&&f% FRfidcEabd AppRFAGESS Bfe pidRkARImentibhefiectsaptaloivsvent i on
provi des’ a nethod and apparatus that does not reduce the gap-fill

capabj i iOH-HEBS | revBh@siBedeBdaillire8agsberess wik0 These and
ot herb%dbcfuég?é %Waﬁaﬁt age’s‘tS of the present invention wll
plasma-induced damage resulting from high density plasma deposition

processes.

10

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 itlustrated

in the various drawing figures.




becone obvious to those of ordinary skill in the art after having read the
foll owing detail ed description of the preferred enbodi nents that are
illustrated in the various drawi ng7figures. -7 117 JAN 2&23 SRNEF

DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a method for préverfindllfl asma

i nduced damage resulting fromhigh density plasma deposition in accordance
W th WEFW%ﬁDMOEHHE@BM&H\GﬁvenH on. 5 Figure 2 is a side
cut-away view of a sem conductor substrate having devices formed thereover
and havi ngFigurericemmes 2 sethast (oregeventingdplereeipdured dageai®@ance with one
enbodi nent of the present invention. 10 Figure 3 is a diagramthat

i || ustealigsg tepokighi dengity pISSnecderosiipor or aceordSE Withe?n® hat overlies the
structure of Figure 2 in accordance with one enbodi nent of the present

I nvenkhfybdimegtioeihe presantlinegniiomt hat il lustrates the deposition of
silicon-rich oxide 15 so as to forma silicon-rich oxide |Iiner that
overlies the structure of Figure 3 in accordance with one enbodi nent of
the present invention. Figure 5 is a diagramof the structure of Figure 4

after a hi ghygensisty sidel asravalepiesi of asestiemdatormérstipde havimgd in
accordance with one .
devices formed thereover and having interconnect structures formed thereon in

accordance with one embodiment of the present invention.

10 Figure 3 is a diagram that illustrates deposition of USG so as to form a
USG liner that overlies the structure of Figure 2 in accordance with one

embodiment of the present invention.

Figure 4 is a diagram that illustrates the deposition 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.



20 enbodi nent of the present invention. Q-8 5 [1 7 JAN 2006 DETAI LED
DESCRI PTION OF THE I NVENTION In the foll ow ng detail ed description of the

present invention, numerous specifi-8 details are set for'ﬁiaﬁ&rder to
pr ovi de a thorough understanding of the present inventio veldlh it

may bo pﬁﬁiﬁﬂ%”&éﬁ%ﬁ%ﬁﬂ‘??ﬁ@ TEMVENITAR o1 2%0r wi'th' oqui val onts

thereof. In ures, conponents,

t,

and circuits 3@%f%@@’@@@%@E@@FPﬂ@E‘OPr?fa%? EWS@&EPr ggt‘?rb nUiHedessari | y

b th t t h t hod f
or vent | HRECAGHAS M Rl daneges e@h?@@@%r@%%v@%r%@ﬁéﬁwag% Masm
dep03|t|on (g?rtoces Ses i.n_accor an é Q%d’enboq'gﬁ ment of the present
i nvent i gHeSERIRYENTQN- JHONKAVES, It &lktie fﬁ?fg”@ﬁ 199 @éh@ags@?tUSG) i's
d te In th { di I ted t t
forood e P B e BRI G P S B
embodi neé&u:valfesn?s thsereSP olS t%er instances, well known methods, procedures,
componentis, and circuits have not been described in detail as not to

unnecessarily obscure aspects of the present invention.

10 Figure 1 shows a method for preventing plasma induced damage
resuiting from high density plasma deposition processes in accordance with
one embodiment of the present invention. First, as shown by step 101, Un-
doped Silica Glass(USG) is deposited. In the present embodiment, USG is

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

15
Continuing with step 101, in the present embodiment, USG is deposited
s0 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 finer having
other thicknesses.
20

Still referring to step 101, in one embodiment of the present invention,
the reflective index of the USG finer is controlled in the range of 1.45 1o 1.46.
This is accomplished by tuning the O, to USG ratio and the source BF power to
achieve USG deposition having the desired reflexivity index. In the present

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




so as to forma USG |Iiner having a thickness of from50 to 200 Angstrons,
- However, the present invention is well adapted for use of a USG I|i ner

havi ng other thicknesses. Still reéferring to step 101, i ,(}n enmbodi nent
of the present invention, the reflective index of the US%IijéN 2085
controlled in the range of 1.45 to 1.46. This is acconplished by tuning
the O to USGratio and the source RF power to achieve USG deposition
having the desired reflexivity index. In the present 25 nb?dinent, bi as
power i s nbiguis@dshawsiapsxiemaryssteystyithat gan pe ngym 3tNé 2 shows an
exenplary structure that can be damaged by plasma charge produced in a
hi gh demsjetyroplastnin ddpolk idensiy QimgepOﬁ*l@%ipéoC@@bdﬂitgﬁnt , semi conduct or
substrate 200 is shown to have structures 201 5 formed thereover. In the
pr es epinbexbodhiyermicatduntonswistizoa 20Ads sbewndetiavendietgiesd ces(not
shown) that are fornmed on silicon substrate 200. In one enbodi nent,
sagni chngieet eremidrcds thae préamednhxlimgntrstiuicturas 20ilninelkidge | ayer that
ext ends between conductive regions forned within the silicon substrate
200. EOmisumduntdrngvidsindti shaven)2hai aret foempdesesiicanbadstraiat200t inuct ures 201
i nclude interconnect structures 202 that are selectively electrically
conneghe®rhisodiment, semiconductor devices are formed using an ultra-thin oxide

layer that extends between conductive regions formed within the silicon
substrate 200.

10

Continuing with Figure 2, in the present embodiment, structures 201
include interconnect structures 202 that are selectively electrically connected to
the underlying semiconductor devices. In the present embodiment,
interconnect structures 202 are metal interconnects. However, the present

15 invention is well adapted for the use of interconnect structures 202 that are

made of other materiais.

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




t he underlying sem conductor devices. In the present enbodi nent,

i nterconnect structures 202 are netal interconnects. However, the present
15 invention is well adapted for tfi€-use of interconnect Lructures 202
that are made of other materials. Structures 201 formed 2 TsdANcHB8uct or

substrate 200 are representatiyv f stryctures that .can be protected
accor BS54y liner 3@$-hHdsaroee 5?958}1% @§?’\ei'rfr m{ﬁecﬁly %rlrﬁ%%{?%%r%quﬁsgure 1is
wel | adapted for protecting other A types of structures that suscepti bl e
Lo dafheg@raso HOrRsolAtied o) BRSHENAIB0 S ABIRCHbIRITUGHTBF GLBLs o5,
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
10 117 JAN 2006 USG liner 203. It can be seen that USG |iner 203 directly
overlies thexstaushawebytster 182esilieomech ogidecisclpnossatipladhi charge(i . e. ,
i nterconnect structures 202). Next, as shown by step 102, silicon-rich
0x5 dep'r%ed\damﬁbacﬁment,ﬁhet&ilit@np!ﬁ@séﬁlﬁeéﬁmpﬁﬁﬁ%,m‘tsﬁé iMedEdelY i ch oxide is
deposited in-situ imediately followi ng the deposition of the USG |iner so
as t ofdilowing tisé Heposition o thex UGS linereso asita fote apsibewnticl ebistd MRaTt, t he
in-situ deposition process results in a silicon- rich oxide |iner that
di r ectd theop@isehesntboeinSE, theér-sitd Oeposition progess teisulls épaldditon-n t he
present enbodi nent, silicon-rich oxide is

rich oxide liner that directly overlies the USG liner.

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. Thisis
accomplished by tuning the O, to SiH, ratio and the source RF power to
achieve silicon-rich oxide deposition having the desired refiexivity 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.




deposited so as to forma silicon-rich oxide liner having a thickness of
from300 to 600 Angstrons. However, the present invention is well adapted
for use of a silicon-rich oxide |inerihaving other thi Ckﬁ' ses, 15
Continuing with step 102, in the present enbodi ment, the KEffl gétii vié i ndex
of the silicon-rich oxide liner is controlled in the range of 1.50 to 1.70.
This is acconpbtephddibp2tafritipgret hdlvelateosiBickit dendsdicmplarahteteisustet RF
power to achieve silicon-rich oxide deposition having the desired

refl exivitgs podexieveln, hitknepses ete. ehborlprosass pbicgeiptnere exempanused in
deposition step 102. 20 Figure 4 shows the structure of Fiqure 3 after
deposi t i onowlf. dhkayehodfandsippiacdns of tte presdrt iBvenripntis walk skitid todod-ri ch
oxide liner 204. It can be seen that silicon-rich oxide liner 204 directly
overlies US@ bi siber poB8esseplanst dpgodiiun pazmsferi urfermingld WG e angeci fic
deposition paraneters such as power |evels, thicknesses, etc, These
processs parameerdyisg allieorxiehpixideylingnl y. The net hod and apparatus of the
present invention is well suited to the wuse of other processes and
deposition paraneters for formng a USGliner and 5 an overlying
silicon-rich oxide liner Referring nowto step 103, the high density plasm
deposi tion procReferring ngyetd slereld3, Ithe high ganesypiasamb daPpsifien pecgbeiectric
material such as, for exanple USG is deposited using a high density

pl asma chepédainedapgothe present embodiment, a dielectric material such as, for

example USG, is deposited using a high density plasma chemical vapor
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 petformed 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 ptasma depaosition

25 step 103.




10 'deposi tion process. However, the present invention is well adapted for
-use of any of a nunber of different high density plasma deposition
processes and the deposition of ottier materials. Figure i-%hoﬁﬁ t he
structure of Figure 4 after a high density plasma 15 depo itid p?ﬁmess has
been performed so as to formdielectric |ayer 205. It can be seen that
dielectric layer 205 directly overlies silicon-rich oxide |iner 204. Steps
101 and 102 of Figure 1 result in the formation of a silicon-rich oxide
liner 204 imihe preseshesinutimgst tbe WSEHHer posnantyRUdentieafage &3 e 20
deposition step 103. Mre particularly, silicon-rich oxide |liner 204 covers
and Eveheitks theetepostadisiticorescRtinents Ppguiaesy o Hoat isginnihgh density
plasma deposition step 103. This prevents plasma i nduced damage to

under lexangle devwods Fgaesr2-5t &G lines 261 grevends stirrent leekagedn 202 and
underlying structures 201 of Figures 2-5) that can occur as a result of

hi gh @eBsi that pilesmaichelrasi 20t 1025sibt@pridititerety posFiblysordadingn t he
present enbodi nent, the USG |liner prevents current |eakage in the event

that thaedierosictedtsictires2oR).ch liner is too silicon rich. That is, in the
exanpl e shown in Figures 2-5, USG |iner 201 prevents current |eakage in the
5 event that silicon-rich liner 202 is too silicon rich(thereby possibly
conducting current to netal 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 chermical vapor deposition 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




Because silicon-rich oxide has | ower high density plasma renoval rate than
a conventional USG liner, the use of a silicon-rich oxide liner is nore 10
effective than conventional USG |iflérs in preventing dama .1j an hi gh
density plasnma chem cal vapor deposition processes. In adgftigA, ause
the silicon-rich liner is nore dense thap a conventional USG liner, a thin
si| i cohambeh Begaiise the raaiotcAEhAPP AN PLLE RRECTNBRFIYPRAE FReTid
structures(e.g., netal structures 202 of Figures 2-5) from corner

cl i ppusigy sarieabgl m@%ﬁepﬁ@tt%tsm%tﬂﬂ%@f‘aﬁ@ég INEOF RS At exposed to

pl asma charge. The thin silicon-rich |liner of the present invention does
not ssigmifidapiptffgct puwess flomecyapcess thiedplBYl ity of the high density

pl asma deposition process. Thereby, a structure with good fil
characteristics is obtained. 20 In the present enbodi nent, steps 101-103
are performed sequentially in an in-situ process. That is, USG deposition
(s ep 101) The rpettioot aredi appatateswetithe presenbirebPliesy issyifalia o 4P oxi de
deposition(step 102), which is imediately followed by high density plasm
deposioti Pnigbagabi@tiorfacicessest dinislas-geoBaty’ aeentyyd i siinksElquent i al |y,
W thout renoving the substrate fromthe deposition -13 117 JAN 2006
chanbefze, Bes ausisod hadmrkoatuard the paesanisnwentioheeffaodivelytalionselori on i s
formed using sequential in-situ deposition steps, the present invention
does Bbduction of CMOS devices, preventing device failures associated with

plasma-induced damage resulting from high density plasma deposition

10 processes.

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 provideé a method and apparatus

15 for preventing plasma induced damage to the ultra-thin gate oxide of underlying
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

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.




significantly affect process flow or process throughput. 5 The nethod and
apparatus of the present invention is suitable for sub 0.18 mcron
fabrication processes. Thus, as geeletry's continue to shiggk h& si ze, the
met hod and apparatus of the present invention effectively 1N d s
production of CMOS devices, preventing device failures associated with

pl asma-i nduced damage resulting fromhigh density plasma deposition 10
processes. The present inventjon provides a nethod and apparatus for

pr event i ng Whiladhe breraid devetiivagias been deaeliPedm RagisUlEnsi ty pl asma
deposition processes. In addition, the present invention provides a nethod
and appabedinents it shoyddecappregiateddi thaduesentdaverfion shewd natdea- t hin
gate oxide of underlying devices. In addition, the present invention

pr ovi desshuadtdsdinized by speh arosodirients,i it sathessoestreed ageoBin® g cr on
fabrication processes. Mreover, the present invention provides a nethod
anfl appaibaiems ctdias. does not reduce the gap-fill capability of the high
density plasna deposition process. 20 In the present enbodi nent, steps 101
and 102 of Figure 1 are described as formng a USG liner and a
silicon-rich oxide liner, respectively. However, it s appreciated that
the term"liner" refers to a |ayer of material. Thus, the USG I|iner forned
in step 101 is a layer of USG material. Simlarly, the silicon-rich 25
oxide liner formed in step 102 is a layer of silicon-rich oxide.




-14 [17 JAN 2696 Wiile the present invention has been described in
particul ar enbodinents, it should be appreciated that the present
i nvention should not be construed as |imted by such enb%g_i ment s, but
rather construed according to 5 the bel ow clai ms. [17 JANLEGOGAN/ 20500
DEPOSI T USG 101 DEPGSI T Sl LI CON RI OXIDE 102 PERFORM HI GH DENSI TY

PLASVMA DEPCSI TION 103 FIG 1 17 j N 2006 -15 CLAIMS What is clainmed is:

00 DEPOSIT USG
101

DEPOSIT SILICON-RICH OXIDE
102

PERFORM HIGH DENSITY PLASMA DEPOSITION
103

FIG. 1




1. A nethod for preventing plasnma i nduced danage resulting from high
density plasma deposition processes, said nethod conprising the steps of:
a) depositing Un-doped Silica dass(USG over a sem conductor substrate
having structures fornmed thereon so as to forma USG | i ne%!t?hdi\NoiﬁE]ﬁl i es
said structures; b) depositing silicon-rich oxide over said USG |iner so

as to forma silicon-rich liner that directly overlies said USG |liners; c)
perform ng a high density plasma degpsition process, said silicon-rich
oxide |liner preventing damage resulting from plasm change to said

structures during said high density plasm deposition process; and d)
tuni ngpg%t't%l SiH4 gas ratio and a source RF power to achieve a desired
ref | exi V' ndex of said silicon-rich oxide liner, deposited w thout bias
RF power. 2. The method of Caim1l wherein step a) is perforned such that
the reflective index of said USG liner is in the range of 1.45 to 1.46. 3.
The nmethod of Claim| wherein step b) is performed such that the reflective
i ndex &Yhatds dlagmedéon-rich liner is in the range of 1.50 to 1.70. [17 JAN
2006 -16 4. The nethod of Claim2 wherein step a) is perfornmed such that
said USG |iner has a thickness of between 50 and 200 Angstrons. 5. The
nmet hod of Caim3 wherein step b) is perfornmed such that said silicon
1. A method for preventing plasma induced damage resulting from high 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;
b) depositing silicon-rich oxide over said USG liner so as to form a silicon-rich
liner that directly overlies said USG liners;
c) performing a high density plasma deposition process, said silicon-rich oxide
liner preventing damage resulting from plasma change to said structures during said
high density plasma deposition process; and
d) tuning Oz to SiH4 gas ratio and a source RF power to achieve a desired

reflexivity index of said silicon-rich oxide liner, deposited without bias RF power.

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 reflective

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




rich liner has a thickness of between 300 and 600 Angstronms. 6. The mnet hod
of Claim1l wherein steps a) through c) are performed sequentially in a
deposition chanber, w thout renoving said substrate from sai.d, K deposition
chanber. 7. The nethod of Claim6 wherein step c) is a hi3ﬁ7déA§ilw5plasna
chem cal vapor deposition process that deposits a dielectric material. 8.
The nmethod of Caim7 wherein step ¢c) is a high density plasm chem cal
vapor deposition process that deposigts USG 9. A nethod for preventing

pl asma i nduced damage resulting fromhigh density plasnma deposition
processes, said nethod conprising the steps of: a) formng, on a

sem conduct or substrate, a plurality of sem conductor devices and at | east
one conductive interconnect, said at |east one conductive interconnect

selectively electrically.coupled tpo ones.of said pluraljty of ] conduct or
devices; i % -E’N\I”%?%J Qf)llgiaw JUIEIN $1RE 2R H"dﬁ%ﬂ“%i *‘r@&*‘%ﬁ%’é@%‘”%\/er
sai d sem conductor substrate so as to forma USG Iliner that directly
over | i Bas gdhigkagsy efatweer 50 ahg o0 Aedstiom®r connect ; ¢) depositing
silicon-rich oxide over said USG liner so as to forma silicon-rich |iner
that directly overlies said USG liner; d) performng a high density plasm
deposition process, said silicon-rich oxide

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.

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 ¢) 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 chemical

vapor deposition process that deposits USG.

9. A method for preventing plasma induced damage resuilting from high density
plasma deposition processes, said method comprising the steps of:

a) forming, on a semiconductor substrate, a plurality of semiconductor devices
and at least one conductive interconnect, said at least one conductive interconnect

selectively electrically coupled to ones of said plurality of semiconductor devices;




| i ner preventing damage to said sem conductor devices during said high
density plasma deposition process; and e) tuning 02 to SiH4 gas ratio and
a source RF power to achieve a desired reflexivity index ff jﬁhd
silicon-rich oxide Iiner, deposited without bias RF power & 70JA¥n20et hod
of Caim9 wherein step b) is perforned such that the reflective index of
said USG liner is in the range of 1.45 to 1.46 and such that said USG |i ner
has a thickness of between 50 and-2Q0- Angstrons. 11. The method of Claim9
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

o b R SR R e 2
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wherein step d) is a high density plasma chem cal vapor deposition process
t hat JdEp&SPAREAYSG 14. A structure formed over a sem conductor substrate,
said structure conprising: (a) a USG liner, said USG |iner disposed over
sai d seni conddenpasitingsibcanaie o¥de hvensaid U5 IBEa anterfopne siliean-aeh
i nterconnect structure;
liner that directly overlies said USG liner;
d) performing a high density plasma deposition process, said silicon-rich oxide
liner preventing damage to said semiconductor devices during said high density
plasma deposition process; and
e) tuning O, to SiH4 gas ratio and a source RF power to achieve a desired

reflexivity index of said silicon-rich oxide linet, deposited without bias RF power.

10. The method 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.

11. The method of Claim 9 wherein step ¢) 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.

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.




(b) a silicon-rich oxide liner, said silicon-rich oxide liner directly
overlying said USG liner; and (c) a layer of dielectric material deposited

using a high density plasma deposition process, said |ayegg..0f di ctric
material directly overlying said |ayer of silicon-rich oZiJQJA&hﬁﬁgin 02
to SiH4 gas ratio and a source RF power is tuned to achieve a desired
reflexivity index of said silicon-rich oxide |iner, deposited wthout bias
RF power. 15. The structure of C ait@-14 wherein the reflective index of
said USG liner is between 1.45 and 1.46. 16. The structure of Claim 14
wherein the reflective index of said silicon-rich liner is between 1.50 and
1.70. 11 7 JAN 200% -19 17. The structure of Claim 15 wherein said USG

| iner has a thickness of between 50 and 200 Angstrons. 18. The structure of

Claim 16 wherein silicon:rjch |iner.has a.thickness af betwe 300, and 600
Angst r ons. % *Q%Qwegl??cgeﬁ G‘ﬁ@“&w@fgfr}‘r?atfﬂ %‘%?i\'% é%ﬁs ylp«%ﬁ agﬁermcgi ectric
mat eri al deposited is USG deposited u&i ng a high density plasma chem cal
vapor d8pesienasitiosyesess thabdengtsi$Hct ure of C aim 14 wherein said

i nterconnect structure electrically connects to sem conductor devices,
said silicon-rich oxide liner preventing damage to

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

(a) a USG liner, said USG liner disposed over said semiconductor substrate
such that said USG liner overlies an interconnect structure;

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

(c) a layer of dielectric material deposited using a high density plasma
deposition process, said layer of dielectric material directly overlying said layer of
silicon-rich oxide; wherein O, to SiH,; gas ratio and a source RF power is tuned to
achieve a desired reflexivity index of said silicon-rich oxide liner, deposited without

bias RF power.

15. The structure of Claim 14 wherein the reflective index of said USG liner is

hetween 1.45 and 1.46.

16. The structure of Claim 14 wherein the reflective index of said silicon-rich

liner is between 1.50 and 1.70.




sai d sem conductor devices resulting fromplasma charge to said

I nterconnect structure during said high density plasma deposition process.
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17. The structure of Claim 15 wherein said USG liner has a thickness of

between 50 and 200 Angstroms.

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 deposited

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 preventing damage to
said semiconductor devices resulting from plasma charge to said interconnect

structure during said high density plasma deposition process.




