3 0 MAY 2006 METHOD FOR BUFFER STI SCHEME W TH A HARD MASK LAYER AS AN |
OXI DATI ON BARRI ER Background of Invention 1) Field of the Invention This |
invention relates generally to fabrication of semi conductor @eMqu@g@nd
particularly to a nethod of formng isolation for integrated circuits, and
nore specifically, to a nethod of formng a shallow trench isolation. 2)
Description of the Prior Art Sem conductor integrated circuits (ICs) have
evol ved t oRIHDD FRBr BHEEGR dBRE| SGHEMR WSH de HARP | MR LA G e ASPdr t ant
structure in the manufacture of ICs is isolation structures. Devices
formed in the silicon substrat@RATIPE BRI&Red from one anot her .
Est abl i shing effective isolation in submic¢ron ICs in the face of decreased
i sol ation space is a conplicated and challenging task. One conventi onal
met hod for isolation involves oxidizing a bare silicon wafer in a furnace
to grow a pad oxide 1 3 0 MPackgoeutdyel InMeatpad oxi de | ayer is nost
typically formed fromsilicon dioxide. Anitride layer is then deposited on
the pad oxide |l|ayer. A masking and etching step is then perforned to form
trenches. Next, oxide is then deposited in the trenches by

1) Field of the Invantion

This invention relates generally to fabrication of
semiconductor devices and particularly to a method of forming
isolation for integrated circuits, and more specifically, to a

method of forming a shallow trench isclation.

2} Description of the Prior Art

Semiconductor integrated circuits {(ICs) have evolved
towards increased density and device shrinkage. One important
structure in the manufacture of ICs is isclation structures,
Devices formed in the silicon substrate must be isclated from
one another. Establishing effective isolation in submicron ICs
in the face of decreased isclation space is a complicated and
challenging task.

One conventicnal method for iseolation involves

oxidizing a bare silicon wafer in a furnace to grow a pad oxlde



chem cal vapor deposition (CVD). The CVD oxide is then planarized by a
-chem cal mechanical polishing (CWP). Planarization by the CW presents
several problens. The renoval rate of the CVD oxide by theij@tl\/ﬁ H gher
than the renoval rate of the nitride, causing dishing in A%r?@

This dishing effect degrades the planarity of a layer, and it also |rrpacts
the yield of the device. Furthernore, endpoint detection is not accurate
dur i ng lialye rOMPhbeeaiisax itdse Lieateiro i6f moshet YRimaldly far@esf [E e VB de to
the renoval rate of the nitride is about 3 or 4 to 1. Increasing this

rati o tidoknpeovk niendpbi rita ydet ést tbanwoebds Fessulan ithei refeaséede di shi ng
under this conventional nethod. Therefore, a need arises for a sinple and
ef fi ci entyemet hodaskiforavichetantingnehebsob athon tarforredutestarshj ng. The

i nportance of overcom ng the various deficiencies noted above is evidenced
by t he texhehskveNetechmoldsgiicalthdavebppabhtd dinr ddted re5ChRE Biibj ect, as
docunented by the relevant patent and technical literature. The cl osest 2 3
0 MAY 20@6iand uppar ehtnos g r€VevanThe eCiniwdldedevelt6pirents in the
patent literature can be gl eaned by considering US 6,001, 706(Tan at al.)
shows @ 1STkrpkadaby zatdlomipradc esshagscsl 9981 D8LNDURE! -al . ) shows a STI
process using a transition layer. US 5,981, 357(Hause et al.) teaches

anot her STl pl anariPZapeonzation by the CMP presents several prcoblems.

The removal rate of the CVD oxide by the CMP is higher than the
removal rate of the nitride, causing dishing in wide trenches.
This dishing effect degrades the planarity of a layer, and it
also 1lmpacts the yi;ld of the dewvice. Furthermore, endpoint
detection is not accurate during the (MP because the ratio of
the removal rate of the CVD oxide to the removal rate cf the
nitride is about 3 cr 4 to 1. Increasing this ratic to improve
endpoint detection would result in increased dishing under this
conventicnai method. Therefore, a need arises for a simple and
efficient method of forming a trench isclation that reduces

dishing.

The importance of overcoming the various
deficiencies noted abcve is evidenced by the extensive
technological development directed to the subject, as documented

by the relevant patent and technical literature. The closest




process. US 5,298, 451(Rao) shows a related STI patent. US 6,117, 748(Lou et
al.), US 6,214,69B1(Wi) and US 6, 248,667B1(Kim et al.) show ot her
“planarization and STl processes. 3 3 0 MAY 2006 Summary of the Invention It
is an object of the present invention to provide a nmethod flof ¥&brAiggkti ng
a shallow trench isolation (STI) having reduced dishing. It is an object
of the present invention to provide a nethod for fabricating a shall ow
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as an OX|dat|on barri yrin r o dat i ment of
the pré§eft- irﬁ&ﬁﬁﬁd%sﬁﬁoy esgégaEE%Q&%: %ﬁnu gc?u??ﬁggepgﬁg?ﬁ%%/trench

|solat|on which is aracterized_as_f 0 ay a polish stop
| ayer, ) pERPET & & %ﬁ%??ﬁ hgfaqﬁa 9%%V%$ﬁ§@é9?gr%ed§%ver a substrate.

The hard nask Ia er a h r o] A opening in
the buffépl ré?éf a%%% olfi's SFSE y%%ﬁh?%% o EQ g%%%Qéﬁg&horn1a trench

in the substrate us t rd mag | ay -1y K. form an

6,117,748 (Lou et al.), US 6,214, 69RB1 (Wu) and US 6,248, 667B1 (Kim

et al.) show other planarization and STI processes.




along the sidewalls of the trench and an oxide buffer liner |ayer on the
sidewal | s of the buffer layer. The invention's 4 3 0 MAY 2006 hard mask
| ayer prevents the oxidation of the top surface of the buffer layer during
the oxidation of the oxide trench Iiner. This prevents the buffer |ayer
from bei ng consuned by the oxidation and |eaves a suffici®ftMahi2Rbess of
buffer layer to act in the subsequent chem cal -nechani cal polish (CW)
step. Next, an insulating layer is formed over the hard mask | ayer and at
| east partially fills the trench. The insulating |ayer is -

chem cal - mechani cal polished using the pglish stop layer as a stop |ayer.
The buffer layer acts to pr¥VEHY [AfelBxPYe "W ¥hing during the

chemni cal - nechani cal polish (CWP). The polish sto | ay.er its rerrcr)g,}(gg.

Addi ti onal obj ect sI&nHS atly &R Hfes Uf “Wife PEAVENt i Th ®Wi19™ b& §&C Forth in
the description that follows, and in part wll, bg obvi ij? %)romthe

descri pt methodr Loyt 4he Iceainad 2byhapiact FEOF 16Re 3FATBN{T bh ThE5hj ect s
and advantages of the invention may be realized and obtai ned by-means of

i nst r uredigkiit ¢ésharyd conbi nations particularly pointed out in the append

claims. 5 3 0 MAY 2006 Brief Description of the Draw ngs g
It is an object of the present inventIon to provide

a method for fabricating a shallow trench isolation (STI) using
a buffer layer and chemical-mechanical pelish (CMP) process
having reduced dishing.

It is an object of the present invention to provide
a methed for fabricating a shallow trench isolation {STI) using
hard mask layer over a buffer layer; the ﬁard mask layer acts as
an oxidation barrier during a trench liner cxidation.

An exmbodiment of the present inventicn provides a
method of manufacturing & shallow trench isolation which is
characterized as fcllows. A pad layer, a polish stop layer, a
buffer layer and a hard mask laver are formed over a substrate.
The hard mask layer has a hard mask opening. We form a trench
opening in the buifer layer, the polish stop layer, the pad
layer and form a trench in the substrate using the hard mask
layer as an etch mask. We form an oxide trench liner layer
along the sidewalls of the trench and an oxide buffer liner

layer cn the sidewalls of the buffer layer. The invention's




The features and advantages of a sem conductor device according to the
present invention and further details of a process of fabricating such a
sem conductor device in accordance with the present inventi,o i1l be nore
clearly wunderstood fromthe follow ng description taken i ngcfj;rff%'né’ﬂﬂﬁon

wi th the acconmpanying draw ngs in which |ike reference nunerals designate
simlar or corresponding elenents, regions and portions and in which:

Figures | trquah 9 are crass sectiendl- Giews ket cbb! usleald ng apareferred

enbodi e‘invention. Frgure I's a cross sectional viewfor

bt P SLERLLNS | B ees Riel erped, askeddy Wiere Jlo gt deBiady | Suised and the

buf f er P¥ I’s ‘r'éduce y the oxidization of the trench liner.

6 3 0 MAY 2006 Det ai l ed criptjon Prefarced. iyents The
pr esent MRV Y BH Wit 6’5%38@?%%%6 ipltrlor(téire]%eeéi )lgec\(/émf%ﬁgr%;%?gnﬁ to the

acconpanyi ng. draw pgs. The present. _inventi r Qi - f formn

| oW trén ation on a su ate. An

o dat PR Bt T BRBVehl Ch RS b Al ot CEnG L of il (e of the

e oxil 1on of "the top surface of the
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at least partially fills the trench. The insulating layer is
chemical-mechanical polished using the polish stop layer as a
stop layer. The buffer layer acts to prevent field oxide dishing

during the chemical-mechanical polish (CMP}. The peclish stop

laver is removed.

Additiﬁnal cbjects and advantages of the invention
will be set forth in the description tﬁat follows, and in part
will be obvicus frem the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and cbtained by means cf
instrumentalities and combinations particularly pointed out in

the append claims.




of the buffer layer 22 so that the narrow trenches can be etched. As shown
in Fig 1; a pad layer 14 is forned on the substrate 10. The substrate can
be any suitable structure. The substrate can be a single crystal silicon
havi ng a <100> crystal |l ographic orientation and can be con%rg;hpggmpgoped
with a P type dopant such as boron. The enbodinent is not "I any
type substrate. Next, a polish stop layer 18 is fornmed on the pad | ayer
14. The polish stop can be conprised of silicon nitride, silicon
oxynitride, or boron nitride, and nost preferably of silicon nitride. The

polish stop is preferably.c rised of i.LLc jtride and preferably has
a thickness between S%Eléﬁdggg%’(?%m? °§56L‘E/A§93‘810'%‘5§su Il referring to FIG
1, a buffer layer 22 i formed an_the nitri |_a .18 alhe puffer |ayer
22 is preferably %&ﬁnﬁ%%ﬁﬁf%ﬁ 48pad 5P %%%%g§58p§%$§%lpcon.oThe pol y

| ayer can be doped with n_or t ype_ dopan i Qe t | 5 t ween
| E8 an@eYEEQl%SQﬂﬂgﬂeg.t?héhﬁugf%gg?%yggm%§?8ﬁ;égcab%ﬁ?ggﬁdééﬁéé¥§ fggt as

t he subsequently forned trench_sidewal | .36. 0. . FI.G. 3). A buffer
| ayer 22PX¥PEST LI Aprisat o 36$9s?|%%ﬁﬁ%0“8P§§8?a%?§E%%§”é t hi ckness
betmeegcgggggggL {%%% éhgngrggggt invention will be mora clearly

understood from the following description taken in ccnjunction

Wwith the accompanying drawings in which like reference numerals
designate similar or corresponding elements, regions and
portions and in which:

Figures 1 through 9 are cross secticnal views for
illustrating a preferred embodiment of the invention.

Figure 10 is a cross sectional view for illustrating
a less preferred aspect where no hard mask is used and the
buffer layer thickness is reduced by the oxidizaticn of the

trench- liner.




preferably about 1000 A. This poly buffer [ayer 1000 A thickness is a
maxi mum t hi ckness due to the limtation of a subsequent in-situ trench

etch. If the buffer layer is thicker than about 1000 A the insitu trench
etch degrades because the slope of the trench sidewall wll f ed.

Next, we forma hard mask | ayer (e.g., Cap layer) 26 on the polysilicon
buffer |ayer 22, The hard mask |l ayer is conprised of a material to can
function as an oxidajiQ Li 8L oFOFha sHbsaquentrbhdimaht®xi dation step
that forns ang%%’dleeé tDregr?%%E)I [ nerol aver. The hard mask layer is preferably
conprised of sili gg 0xi d&nt Sj A &om axivde if pemeds usived TEOSetasill i con
nitride, or silic o?ynltrlde. The hard mask | ayer conprised of silicon

oxi de fornmed _by TE i s.,the st preher segvangs O NIAE 2@@6enateri al because
sili c@‘r}téxiraée¥§n%%§t%§heet %ﬁ!er% tgea‘l ggt i@ve to ool ysilicon and because of the

| ow cost of oxide. The har JayBh ok 8P4 efiefiahl ywicdopriitsedaof  silicon
oxi de iaW@“ﬁrIQPePﬁﬁY§g%sasa é‘getﬂ?%tness between 500 and 1500 A Next, the

hard mask |ayer is patterned tg formparsgeend opemmy 28t Seethr& 2.
SubsedeEritioy tZSBRY ‘r%‘?mf?‘%"eogf%:ho isolation (STI) will be in the second

opening. Referring to FIG, 1, 10 pahlernchhe hatd amsdn lexyietwenpref erably
for m a0 frd=1g ,;@vepgg,a? 30 Waving a first opening 32 on the hard nmask |ayer
26 parrier to prevent the oxidation of the top surface of the

buf fer layer 22 (see FIG. 4) . Another feature is the

insitu trench etch that limits the maximum thickness

invention's

of the buffer laver 22 =p that the narrow trenches can be
etched.

As shewn in Fig 1, a pad layer 14 1s formed cn the
substrate 10. The substrate can be any suitable structure. The
substrate can be a single crystal silicon having a <iC0>
crystallographic orientation and can be conductively doped with
a P type dopant such as beron. The embodiment is nct limited to
any type substrate.

Next, a polish stcp layer 18 is formed on the pad
layer 14. The polish stcp can be comprised of silicon nitride,
silicon oxynitride, or boron nitride, and most preferably cf
silicon nitride. The polish stop is preferably comprised of
silicon nitride and preferably has a thicknass between 800 and

2000 A.



The masking layer is preferably conprised of photoresist. Referring to FIG
2, we etch the hard mask layer 22 using the masking |ayer 30 as etch nmask
to forma second opening 28. The second opening 28 preferably has

di mensi on between 0.8 and 1.0 m Next we renove the masking I?aﬂeMA‘EOZUUE\s
rench opening 32 in the (e.g . polysilicon) butfer |ayer 22. the (o
M the  sbbst rat 5101 G T008 R eFor Aty an ialertu eteh TS used Lo
Ta. SRERed Torihea Rranch 8UTR The sbotrate 10 hhe preforable |nsitu
cteh esulres e Ty, polyultese Lot hinesent onbe miut 1600
br of enabby b becidrd usTy ARt 10005 TRE T ronat a3 prororably has o
ol wobR o058 ARE 3B T REEIFY ng -t ORI LS an okt de trench Tiner | ayer 44
twice as fast as the subsequently formed trench sidewall 36.

(e.qg., See FIG. 3.

A buffer layer 22 that is comprised of polysilicon
preferably has a thickness between 900 and 1100 A and more
preferably about 1600 A. This poly buffer layer 1000 A
thickness is a maximum thickness due to the limitation of a
subsequent in-situ trench etch. If the buffer layer is thicker
than about 1000 A thne insitu trench etch degrades because the
ciope of the +rrench sidewall will be affected.

Next, we form a hard mask layer ie.g., Cap layer) 26
on the polysilicon huffer laver 22. The hard mask layer is
comprised of a material to can functicon as an oxidation barrier
for a subsequent thermal oxidation step that forms an oxide
trench liner laver. Tre hard mask layer is preferably
comprised of silicon oxide, silicon oxide formed using'?EOS,
silicon nitride, or silicon oxynitride. The hard mask layer

i red
comprised of silicon oxide formed by TEGS is the most prefer




along the sidewalls of the trench 36 and an oxide buffer liner |ayer 48 on
the sidewalls 38 of the buffer layer 22 are forned preferably using a
thermal oxidation process. Inportantly, the hard nask |ayer 26 acts as an
oxi dation barrier to reduce the oxidation of the buffer |ayerd @2MAY 06
oxide trench liner layer 44 and the oxide buffer [liner layer 48 are
preferably fornmed using a thermal oxidation process. The oxide trench

i h t hi ck bet 0 0 A t 240 and
zggegna%%&lt{fg:aglggféﬁ lF?Iﬁerg 9 and % Q.A.ang.Rr ef erablye abkou an

a er has at |ckness bet ween 500 and

1000 A. The  oxide buffer I|n y gonsupesbet ween 250 and 500 A of
10 3 PONAY DOTE RS %&FP@Fe ge ? E&%ut gngy a negligible thickness of the

top of the buffeip%a% q@%e E%?%Q 1Qa Peagﬁﬁjépcgﬁquge@nOQX|datlon

barrier. Next mask' | ayer can be renoved before the

trench oxide is deposj ted As 3 form, agnd nsid ating |ayer
52 ovérlERR Mar PESY&F ° QZO M% a? ¢%§%§? Sgrﬁfal [y fiil the trench 36.
The insul a Alng | ayer 52 can be conprised of silicon oxide, or other

di el eéfPPchmaterials. The insulating |layer is preferably conprised of

silicon oxide and Qag’atﬁtqchPess bq~@@§nl;09 - and, 5000, Asra a

second opening 28. See FIG. 2. Subsequently, a shallow trench

isolation (STI) will be in the second opening. Referring to FIG.

1, to pattern the hard mask layer we preferably form a masking

layer 30 having a first opening 32 c¢n the hard mask layer 26.

The masking layer is preferavcly comprised of photoresist.
Referring to FIG. 2, we etch the hard mask layer 22

using the masking layer 30 as etch mask to form a second opening

29, The second opening 28 preferably has a dimension between

0.8 and 1.0 pm.

Next we remcve the masking layer 30.

As shown in FIG. 3, using the hard maesk layer 22 as
an etch mask, we form a trench opening 32 in the {(e.g.,
pclysilicon) buffer layer 22, the (e.g., nitride) polish stop
layer 18, and the pad iayer 14, and form a trench 3§ in the

substrate 10.




The insulating layer is preferably formed by a high density plasma
chem cal vapor deposition (HDPCVD) process or a sub atnospheric chem cal
vapor deposition (SACVD) process. Next, we chem cal - nechani cal polish (CW)

the structure. FIG 6 shows a stage in the CMP process whe hﬁAFM@BEpad
begins to touch the buffer layer 22. FIG 7 shows the stage ‘Where the CWP

polishes through the buffer layer and the polish stop |ayer 18 acts as a
polish stop. The buffer |ayer 22 acts as a CWP buffer |ayer to p event
field oxide dishig.dutingy the phenimaletmbohantoat L AGSh LPERBFE -FI G 7
shows a small (oxide) hunp 54. The hunp is created by the renqyag rate
di ffertg\%c% lg%weﬁg the buffer bayesnlitdpOLayeyr 2606 A8 aAd theEST sl at i ng
| ayer ) ?ypléa , polysilicon is renoved about 25 tines faster than
oxi de under nor ilica sdagedrs! ynbytrThe Hunp 54 shown in FIG 7 will
oftenQEQVEFoggrgg%ogié#ﬁg STI trench. FIG 8 shows the stage in the CW

process where a qggj5rgyggaggbi§B—§i§w)émaitensioesr%m%V@§”@H@‘hunp. Hence
CWP dishing is mnimzed. Data shows that w thout the invention's poly

buffer STl scheme witheoxigdeard mmskrbayet0GH. dushingg thA BRe"range of
300 arkP BoGOIA Ecas

occurs. Wth the invention's schene, dishing n
proceass, the hard mask layer is arcoded. To make sure that e

masking layer is not completely eroded, the buffar layer

thickress is preferably limited to less than 10CO A.

The tranch 32 preferably has a depth below the

substrate surface betwaen 80C and 10,000 £ and a width between

0.8 and 1.0 pm.

Rafer:ing to FIG. 4, an oxide rrench liner layer 44

i Suf iner
long the sidewalls cf the trench 16 and an oxide buffer line
al

layer 42 on the sidewalls 38 of the buffer iayer 22 are formed

- - y
P L '] — q al 1} a~— e t—. -2 ro 25 . - ’

jtel X ]._ e 26 =8 *s 4 ani Xi1&a 10T ba.._‘_lez t ..e_.LC_. e
@]

)

oxidation of the buffer layer 2

; he oxide buifer
Tre oxide trench liner layer 44 and tn

4 P Al ERE <l thEI.[Ld_ Odea_th

h 1 200 and
process. The oxide trench liner has a thickness between

.. for
300 A and preferably z2bout 240 and 260 A. The cxildae buffe

aan 500 and l 0 PO
o R 1 Ve K ~ - i S beL.

: 3 0 A of
oxide buffer liner layer 48 consumes Letween 250 ana 50
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is mnimzed to the range between 0 and 300 A (depending on the trench
wdth). As showmn in FIG 9, the polish stop layer 18 is renoved. The
polish stop |ayer can be renoved with a selective etch. In addition, the

pad | ayer 14 can be renpbved. FIG 10 shows a process where §he r@ryez@'red
enbodi nent's hard mask |ayer 26 is not formed. FIG 10 shows th (§ | aver
14, the polish stop |ayer 18, the buffer layer 22, and the trench 36 in

the substrate 10.. FI G, 10 _shows,t hat en.-tne hhernals oxf dend resgch |iner
44 i sthroMME Tehe IR Ihuf PEF P%%%r§f§¥?%£}5§TdF§édﬁto forma thermal oxide

| ayer 51 on the top, surface to r t on,ox%idde -buffesn | dnedadayer 49)
and t Ré shaeRaffer 1opfi's 8§F&a?i8&go :?%égg%p surface of the poly buffer
reduces the 12 3 0 MAY 2006 thickness of the poly buffer |ayer and

si gni biag&datFy reduces the effectiveness of the poly buffer in the

i nsul ating | .g., 52 ni cal - mechani.cal . pol i 56 GV step. F
exampie. |01 the. Barfer oPhospl e R TR M50 Al Phi Sk Gt The. on de

trench liner is about 300 A, the remnipLng.buffer layer thickness after
the | iHRaVGSi BREPBR T ABGUCTB60 RS Thi 8300 Fediuction in buffer  thi ckness

ho di shing eff ectx® PAE TroBnton &' o d Faak S8 B avents This problem

The Irggggléﬂl %aigrggggrf%$g¥;f% %%BT%%aQEaggV§§46¥H¥iy fill the
trench 36. The insulating layer 52 can be comprised of silicon
oxide, or other dielectric materials.

The insulating layer is preferably comprised of |
silicon oxide and has a thickness between 1000 and 5000 A. The
insulating layer is preferably formed by a high density plasma
chemical vapor deposition (HDPCVD) process or a 3ub atmospheric
chemical vapor depcsition {3ACVD) process.

Next, we chemical-mechanical polish (CMP) the
structure. FIG. 6 shows a stage in the CMP process when the CMP
pad begins tc touch the buffer layer 22.

vIG. 7 shows the stage where the CMP polishes
throﬁgﬁ the buffer layer and the pclish stop layer 18 acts as a
polish stop. The buffer layer‘22 acts as a CMP buffer laver to
prevent field oxide dishing éuring the chemical-mechanical
polish {(CMP) . FIG. 7 shows a small (oxide: hump 54. The hump is

created by the removal rate difference between the buffer layer

11



over other structures that using a poly buffer without an overlying oxide
hard mask. Wthout the .invention's oxide hard nask 26 that prevents the
poly buffer layer 22 from being oxidized, a thicker buffergpaxﬁg mm

requi red. The thicker buffer layer is needed to conpensate for the buffer
| ayer oxidized during the trench liner oxidation process. The thicker
buffer |ayer causes the trench etch to have unfavorable trench slopes and

ot her g%cg? ng%gﬂﬁggkgﬁ%&féa %%659¢80f5§£&£whJHJ@%&%§§1§Q§§iigc detail s

are set”f €S, pressure settings, thicknesses, etc., in

order to providea npre thoraughd3. 3.0 MV 2008 dinderskandingeof the

pr esent *I*HV e “obvi ous, wever, to one skilled in the art

that the géﬁ%g@%r§agﬁﬂgi9Hmin%M heoRrachi ped. W thaut Jrhesecdetabps. In

ot her PAS no process have not been described in detail in
order to not g negffsarhkxwobscure the present invention. Al so, the flow
rates iAfIPR8 g%c' cation can be scaled up or down keeping the same nol ar

% or ratios to acc date. dj ff nt, sized reactReS,raseis Jown Lo those
skilled in the art.” "Onl s§h8§%l?%?t%?ﬁ%%égéd%%tEerm?ge,eeach nuné%ical

¥ bout STGH L TR oRY et Bl SFbr GCRaR Tt R Al oo g feBSel uplhe word
dishing is minimized.

Data shows that without the invention's poly buffer
STI scheme with oxide hard mask layer, STI dishing in the range
of 300 and 1000 A occurs. With the invention's scheme, dishing
is minimized to the range between G and 3060 & (depending on the
trench width).

As shown in FIG. 9, the polish stop layer 1B is
removed. The polish stop layer c<an be removed with a selective
etch. In addition, the pad layer 14 can be removed.

FIG. 10 shows a prccess where the preferred
embodiment's hard mask laver 26 is nct Iformed. FIG., 19 shows the
pad laver 14, the polish stop layer 18, the buffer layer 22, and
the trench 36 in the substrate 10. FIG. 10 shows that when the
thermal oxide trench liner 44 is grown, the poly tuffer layer 22
is oxidized to form a thermal oxide laye; 81 on the top surface
(to form a top oxide buffer liner lavyer 49) and the sidewalls.

This oxidation of the top surface of the poly puffer reduces the

12




VWil e the invention has been particularly shown and described with
reference to the preferred enbodi nents thereof, it will be understood by
"those skilled in the art that various changes in formand details my be
made without departing from the spirit and scope of the in§dntMampagst is
intended to cover various nodifications and sim|lar arrangenents an
procedures, and the scope of the appended claims therefore should be

Todi 1| EBEFBRESBAE S FAL VAP ShGBrEn S d (i oRanor eas 14 55 WAY 5006 vhat
Cubst r BEESEERETTEING | i SSPRDY %&”f“ ol %%Léggupaﬁ‘fﬁ%y%?‘p%ﬁt S

Stop | S2EoRpYTLEH B e ?h L M R e B e g o
but 1 or PRAJEF bRIEAITF JorieR A7 %5 Gy ”%a*fbé’a”’ iPPer Fyer 294 onpri ced of

Par U maeRer ayratath i f”%?a""ng‘é‘{za ”‘a‘rﬁ%nbdaa@’fieg. 4 Z?hgh*—’&’%g o D sald
g?m)(r:gsﬁggl E];pgvérrg}tclec{a{ta!onsilse%%eub 586“ At h’ﬁugsr O GURL3 ;ongiﬁlgﬁf;pepr oxi de,
thickness results in field oxide dishing because of the less
effective cushioning of the dishing effect. The invention's hard
mask 26 prevents this proklen.
The invention's structure has significant advantages
over other s?ructures that using a poly buffer without an
overlying o#ide hard mask. ®Without the inventiocn's oxide hard
mask 26 that prevents the poly buffer layer 22 from being
oxidized, a thicker buffer layer is required. The thicker buffer
laver is needed to compensate for the buffer layer oxidized
during the trench liner oxidatiocn process. The thicker buffer
layer causes the trench etch to have unfavorable trench slopes

and cther etch proklems.

Tn the above descripticn numerous specific details
are set forth such as flow rates, pressure settings,

thicknesses, etc., in order to provide a more thorough

13




and silicon oxynitride; e) etching a trench opening in said buffer |ayer,
said polish stop |layer,--said pad | ayer and etching a trench in said
substrate using said hard mask | ayer as an etch mask; f) foquE? an_oxi de
trench liner layer along the sidewalls of said trench and a e 28(6f f er
l'iner layer on the sidewalls of said buffer l|ayer; said oxide trench
liner |ayer and_ said oxide buffer liner layer is formed using a thernal

OXidat"ﬂhé?%%%ﬁﬁ%ng“@?r@ﬁy Sad bnthandemmsknl ayet waictis bas oanioxkdat i on
barrier to reduce ~the oxidation of said buffer | ayer; g) form ng an

|nsuIaI|r%%Je§yeQO £ %ﬁHELJE”fk'E%%ka&QYQEataﬂﬂefpﬂdsau; daivéntiench; h)
cheni cal-nmechéni ca ishing said insulating |ayer said hard nask | ayer

and said b%ff%r,a ggd%%@awpea@u&aﬁgop FaySinas imsstopekayer; and i)
renDV|ﬁﬁisald i stop layer. 15-3 0 MAY 2006 2. The nmethod of claiml

wher ein 5 0 oy irsed, Lhcskbbgom nidddide iandras ao
thlckné§§ %38§gandk§ %0 A 3. The method of claimi wherein said

buLf e;_ll at}/ernneces%gg?ﬁkls(egsg\irepotl_w§'ﬂﬂecét}@xta@q'v@ﬁ@l@lI hixdezes s neettween 900
an

rates in the specification can be scaled up or down keeping the
same molar % or ratios to accommodate different sized reactors
as is known to those skilled in the art.

Unless explicitly stated otherwise, each numerical
value and range should be interpreted as being approximate as if
the word "about™ or "approximately” preceded the value cr
range.

While the invention has been particularly shown and
described with reference to the preferred erbodiments thereotf,
it will be understood by those skillied in the art that various
changes in form and detaills may be made without departing from
the spirit and scope of the inventicn. It is intended to cover
various modifications and similar arrangements and procedures,
and the scope of the appended claims therefore sheould be
accorded the broadest interpretation so as tc encompass all such

nmodifications and similar arrangements and procedures.
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4. The nmethod of claim 1l wherein said hard mask | ayer is conprised of
silicon oxide forned by using tetraethoxysilane or tetraethylorthosilicate
(TECS) and has a thickness between 500 and 1500 A. 5. The method of claim
1 wherein said hard mask layer is conprised of a naterialg}paMA?qmﬂﬁ
function as an oxidation barrier for the oxidation step in formng Said

oxide trench liner layer. 6. The nethod of claiml1l wherein the step of
formng said hard mask |ayer conprises: a) formng a hard mask | ayer on
sai d eft-31 @™ 9pySf or mi ng a masking | ayer over said hard nask |ayer;

said masking |ayer having a mask opening; c) etching said hard mask | ayer
usi ng said_masking | ayer as etch . mask to farma_hard mask opening; and d)
r enoving sﬁiﬁeﬁﬁ§gpﬁg P 9 a7SNEHE AT RSY of ¢t £ Wherei n the etch

t hrough sai dsiedtfrerel ayarsissaydeipolsitshsstop | ayer, said pad |ayer and to
forma trench in,sal gmlsntg)%t é?@]ela%% ﬁg insj tsgbgﬁl%]ﬁ;w 3 0 MAY 2006 8. The

nmet hod of clain1f erein's tr'ench has a dept el ow the substrate
surface between :806camthal@, B0DLiA: sdnd bevddrh sbet ween!@yo8 amdid. 0 W 9.

The method of claim 1 whereln said-fand aaske QPeALEG NAS e HiSEREHAN
the group consisting of silicon nitride, silicon
oxynitride, and boron nitride;

) forming a buffer laver on said polish stop layer; said
buffer layer is comprised of polysilicon; then

d) forming a hard mask layer on said buffer layer; said
hard mask layer having a hard mask opening; said hard
mask layer i1s comprised of a material selected from
the group consisting silicon oxide, silicon nitride,
and silicon oxynitride;

e} etching a trench opening in said buffer layer, said
poclish stop layer, said pad layer and etching a trench
in said substrate using sald hard mask layer as an
etch mask:;

£f) forming an oxide trench liner layer along the sidewalls
of said trench and an oxide buffer liner layer on the
sidewalls of said buffer laver; said oxide trench
liner layer and said oxide buffer liner layer is
formed using a thermal oxidation process; whereby said
hard mask layer acts as an oxidation barrier to reduce
the oxidation of said buffer laver;

g) forming an insulating layer over said hard mask layer
and filling said trench;

h} chemical-mechanical polishing said insulating layer,
said hard mask layer and said buffer layer using sald
polish stop layer as a stop layer; and

i) removing said polish stop layer.
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between 0.08 and 1.0 Iim 10. The nethod of claim1 wherein said insulating
| ayer is conprised of silicon oxide and has a thickness between 1000 and
5000 A. 11. The nethod of claim 1l wherein said insulating |ayer is forned
by a high density plasma chenical vapor deposition process tbrMA 200f

at nospheri c chem cal vapor deposition process. 12. The nethod of claim1l
wherein oxide trench liner layer is fornmed using a thermal oxidation
process; and said oxide trench liner has a thickness between 200 and 300
A, and said oxide buffer liner |ayer has a thickness between 500 and 1000
A 13.2 Arhet hothaf of of1dirg 1awisdhad iinowatd ench shset@at iienconp@d sesubst rat e
conprisin

the steps of: a) form.ng,a pad |ayer sai.d trate; b)
forniﬁﬁ'5gbbF?%H“§?6%eF%?era%nag%F‘k63%3ﬂ5§g¥?n§§ﬂhaﬁgl%§ §§top i's
conprised of silicon nitride; c) formng a buffer layer on said nitride

Iayer;3§q%g %%@ﬁ&?cﬁl yer hswﬁgﬂQUi%QQ?QLnﬂQEy§i%%PQQ? d) formng a hard
mask |@ayer on said polysilicon Urfer ayer; sald hard mask |ayer is
conprigedrobedidi conloxildeonl7asl Qanpy YOGGeys flortviery 20haEski ng | ayer
havi ng ¢ f krst opening on said hard

4., The method of claim 1 wherein said hard mask layer is
comprised of silicon oxide formed by using tetraethoxysilane
or tetraethylorthosilicate {(TECS) and has a thickness between

500 and 1500 A.

5. The method of claim 1 wherein said hard mask layer is
comprised of a material that can function as an oxidation
barrier for the oxidation step in forming said oxide trench

liner laver.

6. The method of claim 1 wherein the step of forming said hard
mask layer comprises:
a) forming a hard mask layer on said buffer layer;
b) forming a masking layer over said hard mask layer; said masking
layer having a mask opening:;
¢) etching said hard mask layer using said masking layer as etch
mask to form a hard mask opening; and

d) removing said masking layer.
7. The method of claim 1 wherein the eich through said

buffer layer, said polish stop layer, said pad layer and to

form a trench in said substrate, is an insitu etch.
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mask | ayer; f) etching said hard mask | ayer using said masking |layer as
etch mask to forma second opening; g) renoving said masking |ayer; h)
in-situ etching to forma trench opening in said buffer |ayer, said polish
stop layer, said pad |layer and formng a trench in said §qbq%ma99fp5|ng
said hard mask |ayer as an etch mask; i) formng an oxide trench qlner

| ayer along the sidewalls of said trench and an oxide buffer liner |ayer
on the sidewalls of said buffer |layer using a thermal oxidation process;
whereby said hard nmask | ayer acts as an oxidation barrier to reduce the
oxi datg on 16t seiibbulf eraind ayerérdidn fsaim ngrah hasw akpng beyer over said

hard mask a§¥? t?ﬁﬁésurgﬁfageﬁald Qﬁﬁnchd ﬁ)oggdgggﬁg gﬁg?ﬁﬂ{cal pol i shi ng

said i nst® r ayer | ayer using
sai d policsheestomd ayari as ua. st op Iayer and chem cal - mechani cal polishing
t hrough said hard nmask | ayer and through said buffer layer; and 1)
renovi ng said polish stop layer. 14. The nethod of claim 13 wherein said
pol i shy st @Pel Set1CQATRE SEMOL §héison sREbrhgde andk hasnanhicknessnbetivgen

800 and 2000 A.
between 0.08 and 1.0 um.

10. The method of claim 1 wherein said insulating layer is

comprised of siliceon oxide and has a thickness between 1000

and 5000 A.

11. The method of claim 1 wherein said insulating layer is
formed by a high density plasma chemical vapor deposition
process or a sub atmospheric chemical vapor deposition

process.

12. The method of claim 1 wherein oxide trench liner layer
is formed using a thermal oxidation process; and said oxide
trench liner has a thickness between 200 and 300 A; and said
oxide buffer liner laver has a thickness between 500 and 1000

A.

13. A method of forming a shaliow trench isclation on a
substrate comprising the steps of:

a) forming a pad layer on said substrate:;

k) forming a pelish stop layer on said pad layer; said polish
stop is comprised of silicon nitride;

¢) forming a buffer layer on said nitride layer; said buffer
laver is comprised of polysilicon;

d) forming a hard mask layver on said pelysilicon buffer layer;

saild hard mask layer is comprised of silicon oxide;
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15. The method of claim 13 wherein said buffer |layer has a thickness

bet ween 900 and 1100 A. 18 3 0 MAY 2006 16. The nmethod of claim 13 wherein
said hard nmask |layer is conprised of silicon oxide fornediﬁSMﬁblmﬁﬁs and
has a thickness between 500 and 1500 A. 17. The nethod of claim 13 wherein
sai d second opening has a dinension between 0.08 and 1.0 pm 18. The net hod
of claim 13 wherein said trench has a depth below the substrate surface
bet ween 800 and 10,000, A; and a w.dth between 0,08 and 1.0 pm 19 Thg

met hod of cl ai me3 RABHS A BAF G Hki188° T rENCRTI T nr TayBF 1Y “Fofiet sfng a

t hermal oxi dati onmpes@cessir;and said oxide trench liner has a thickness

bet ween 200 and 300 _A . said.gxide, buffer liner_layer has a thickness
bet ween 500 and Oﬁﬁéh&méﬁél h%?%% 8% gﬁw%ﬂgfﬁ?ﬁé%l e?%ﬁ%ﬁgﬁ%ay%%sulating
| ayer is conpriseds efcisinaséono ofdmde aapekdrals caettrickness bet ween 1000 and

5000 A; said insylatjng layvet4i s fqnped .a HDPCVD process or a SACVD
process. 21. A th%g d#E?orn?ngla sﬁng%%Ttrench i solation on a substrate

conprising the steps-sftu gFchonrditty farpad U apeh wierdapdisurscr areten)

formng a polish stop,|aysry oposal sRag 148" ; 881 GaaPohish -540p is
conprised of silicon nitride;

forming a trench in said substrate using said hard mask
layer as an etch mask;

i) forming an oxide trench liner layer along the sidewalls
of said trench and an oxide buffer liner layer on the
sidewalls of said buffer layer using a thermal oxidation
process; whereby said hard mask layer acts as an
oxidation barrier to reduce the coxidation of said buffer
layer;

) forming an insulating layer over said hard mask layer
and £illing said trench;

k) chemical-mechanical polishing said insulating layer, said
hard mask layer and said buffer layer using said polish
stop layer as a stop layer; and chemical-mechanical
polishing through said hard mask layer and through said
buffer layer; and

1} removing said polish stop layer.
14, The method of claim 13 wherein said pelish stop is

comprised of silicon nitride and has a thickness between 800

and 2000 A.

15. The method of claim 13 wherein saild buffer layer has a thickness

between 900 and 1100 A,
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c) formng a buffer layer on said nitride layer; said buffer layer is
conprised of polysilicon and has a thickness between 900 and 1100 A; d)
form ng a hard mask |ayer on said polysilicon buffer layer; said hard mask
| ayer is conprised of silicon 19 3 0 MAY 2006 oxi de f or el MAYI AYIGTECS and
has a thickness between 500 and 1500 A; e) form ng a masking |ayer having
a first opening on said hard mask | ayer; f) etching said hard mask | ayer
usi ng said nmasking layer as etch mask to forma second opening; g)

removi ng said masking layer; h) in-situ etching to forma trench opening in
said bdfer Thé ayehpdsat d:ipaki sk 8teopihayerd heaildngpad lkayeriandmpforad ng a

trench in sa dfubstratg Lﬁ)irglg Sl?s'lngh%gs rr%slﬁalgager as an etch mask; 1)
form ng an OXI s T Fench Tiner Tia er Iongé}t e afdewal s of said trench and

an oxi de bmﬁie}mdasneet‘k%zeﬁoénammel50§| Hewal | s of said buffer layer using a
t hermal oxi dation process; whereby said hard mask | ayer acts as an

oxi dation barrier to reduce the oxidation of said buffer |ayer; said oxide
trenchll.i mer hatyer p$ cifommed wsdnrgnaséheérawglondxerkatingnhps gcegsenant: sai d

between 0.08 and 1.0 pum.

18. The method of claim 13 wherein said trench has a depth

below the substrate surface between 800 and 10,000 A; and a

width between .08 and 1.0 pm.

19. The method of claim 13 wherein said oxide trench liner layer is
formed using a thermal oxidation process; and said oxide
trench liner has a thickness between 200 and 300 A; said oxide

buffer liner layer has a thickness between 5300 and 1000 A.

20. The method of claim 13 wherein said insulating layer is comprised
of silicon oxide and has a thickness between 1000
and 5000 A; said insulating layer is formed by a HDPCVD

process or a SACVD process.

21. A method of forming a shallow trench isclation on a substrate
comprising the steps of:

a) forming a pad layer on said substrate;

b) forming a polish stop layer on said pad layer; said
polish stop is comprised of silicon nitride;

c) forming a buffer layer on said nitride layer; said
buffer layer is comprised of polysilicon and has a
thickness between 900 and 1100 A;

d} forming a hard mask laver on sald polysilicon buffer

layer; said hard mask layer is comprised of silicon
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oxi de trench liner
buffer liner |ayer

i nsulating | ayer over said hard mask | ayer

chem cal - nechani cal

has a thickness between 200 and 300 A; said oxide
has a thickness between 500 and 1000 A; j) form ng an

polishing said insulating |ayer,

and filling) §aMayt2ighch; k)

said hard mask | ayer

and said buffer layer using said polish stop |layer as a stop |ayer and
chem cal - nmechani cal polishing through said hard mask | ayer and through

;?Bgeggffgg layer; aggi%g ﬁgggélQgh%?%gOQQL%§%a%tggﬁh%x%gsélIé%%e%ﬁ etch
500 and 1500 A;

e) forming a masking layer having a first opening on said
hard mask layer;

£) etching said hard mask layer using said masking layer as
etch mask to form a second opening;

g) removing said masking layer;

h! in-situ etching te form a trench opening in said buffer
layer, said polish stop layer, said pad layer and
forming a trench in said substrate using said hard
mask layer as an etch mask;

i) forming an oxide trench liner layer along the sidewalls
of said trench and an oxide buffer liner laver on the
sidewalls of said buffer layer using a thermal
oxidation process; whereby said hard mask layer acts
as an oxidation barrier to reduce the oxidation of
said buffer layer; said oxide trench liner layer is
formed using a thermal oxidation process; and said
oxide trench liner has a thickness between 200 and 300
A; said oxide buffer liner layer has a thickness
between 500 and 1000 A;

j) forming an insulating layer over said hard mask layer
and filling said trench;

k) chemical-mechanical polishing said insulating layer,
said hard mask layer and said buffer layer using said
polish stop layer as a stop layer and chemical-
mechanical polishing through said hard mask layer and
through said buffer laver; and

1) removing said polish stop layer using an etch process.
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