; €3ead40$T6 TGOl ~~~~b~~~ *159159* A NOVEL METHOD TO ACHI EVE STI
PLANARI ZATI ON BACKGROUND OF THE I NVENTION (1"~ Field of thgy j The
invention relates to a nmethod of fa:ricating sem conduct ormwmmmyw@mm and
nmore particularly, to a nmethod of formng planarized shallowtren

i solation structures in the manufacture of integrated circuit d80fces. (2~
Description of the Prior Art Shallow trench isolation (STI) is now
co::.nonly used iNOUERTe METHGES ™0 ACHEEVRLSTE RANARBAATIOMAt i on , of
silicon (LOCOS) for form ng isolations between active de~ice areas in the
integrated circuit. STl offers the adt,antages of smaller isolation area
and better surface pl~narization when conpared to LOCOS. However, the STI
prc. cess suffers fromBREHFRRUNRSYRCTRE | INOGRTIOMr ge trenches. Di:, hing can
cause excessive device | eakage in sone cases. Currently, reverse masking,
dummy active areas, and a newer nitride cap are the nost commonly enpl oyed
net hods, to preyv di ~zi ng. duri t he STI chem cal nechani cal polishing
(CwP) rc~ess§1%ﬁso? ugn%%g}nve?ﬂg%% processes are expensive and tiny
consum ng. Further norg,s QR &St fon IbE1 ¥t e P PEES S HiRLa NGE3S many subsequent
cl eaning steps. If CW could be 1 | ~~~m~~d el" _mnated, many trench

i sol at&.0ni Pd-ODhENBeiDtbBdbELSH| yEuctargendang rbse PatentuPaplication
Serial No. 09/439, 357 (CS-99-059) to 3anes Lee, filed on 15 Novenber 1999,
now . a Radeindd 601970 68ing t hahasiaedenhalleehhreuehf bsopaevent i ng di shing
in an STl process. This pr;cess requires an additional HF dip step.

Co- pesitiimgtwrsSs Pai the paphfaatuve SErintefibated/ 808¢cu87 ¢€8i00s138) to
V.1.S. Keong et al, filed on March 12, 2001, is an inprovenent over U. S
Pat ent 6,197,691 where the HF dip step is :got required. Several prior art
approaches di sclose netiods to formand pl anarize shallow trench

i sol at% ons. LP%FCF%PEH@H6?@5??215r%6rYﬁﬁg et al shows a process in which

cor.~ers of the siIiE§£ Tgtride areas are exgo?ed gslng a wet etc::. US
Pat ent 6,015, 755 to f ?WaFr§ﬂ8R51§°EaF%P | (P&YY FSePR¥sk process in
whi ch_a_reverse sk _is, forned_over w d~. areas. CWS ar ,etchhack i s used.
Os ehr BEY 25a8h amaths AR RooR: SAFARA 0861076950  NBITES Pach
reverse QgﬁkcBﬁo?ﬁéé8§y %b§-f5§&§ﬂ%51209%%i83§ 58t§égﬁt§c§§vg57’207 to Lin
~t al, and 6,103,581 to Lin et al feach CWP processes. U'S. Patent
6, 004a863cdi sekgsesni pkr optegehebingiektudxi.despeabifers Zne
adx antages of smaller isolation area and better surface
plenarization when compared to LOCOS. However, the STI
prccess suffers from dishing, especially over large trenches.
Diching can cause excessive device leakage in some cases.
Currently, reverse masking, dummy active areas, and a newer
nitride cap are the most commonly employed methods to prevent
disaing during the STI chemical mechanical polishing (CMP)
prccess. Unfortunately, these processes are expensive and

tir2 consuming. Furthermore, CMP is a "dirty" process that

neecis many subsequent cleaning steps. If CMP could be

I

*(G00002*



SUMMARY COF THE | NVENTI ON A princi pal object of the present inventionis to
provi de an effective and very manufacturabl e nmethod of fa.~ricating shallow
trench isolations in the manufacture of in~egrated circuits. A further

obj ect of the present invention is to ?rovide a nethod to fabricate

pl anari zed shall ow trench isol ati ons. Another object of the present
invention is to ;provide a nethod to fabricate planarized shallow trench

| SO~edt @RS tA!, hahyU%irBe ctNeFoaal 1RC hadibdahsPebuafl Be EYRkq.Yet anot her
object of the invention is to pro~.ide a nethod to fabricate planarized
shal l ow trench iso'.ations without using CMP and w t hout using dunmmy active
area a . In accordance with the objects of this inveition, a new nethod of
form ng shal |l ow tren€l-psaldinigons Sw Preden tudippd iICeR licgr achi eved. An etch
stop layer is deposited on the surface of a sem conductor substrate. A 3
p=ur &k & loNoi-s P 1i38n 3E7e i Efe 906 ot dived amersolgie .t Hd l@ich stop | ayer into
t he sem conduct or substrate whereby narrow accive areas and w de active

ar eaShare MNOMEMREWEE Jrh&@ s 8i-ati 7 HednSndS 7/ & loxitd& IRRFer? i"€"eposi t ed
over . the et~ h _stop_|ayer .and within the is tion trencheg .using a hi:jh
Gons By SRRaSim Sohomr CYEAFAS SHSPUE 0h B S & RATHON) A nga

depositi CQIRR, d i t ° Aherel tere t he oxi de
Igye?kffggg t he P§§%5??55é¥§gﬁb gg}@?%Egggepo ftié%pg%%%gﬁgﬁéﬁﬁg

di scenki-R¢ehppliila taQp iguHing e TRLAde 11ty qemerriizgintid the oxide

| ayer is at a desired depth in the isolation trenches whereby the oxide

| ayen .. 5~z ikednkRe dts@l1at ifan da enches drs 19 ,soomectied 4y om the oxide lay'r
overlying the etch stop layer. The oxide | ayer ove-lying the etch stop

| ay e mp i oviegatitd@vaat IU.S ameasnts 6alin7-ah awehasi HOXdide diaer resi dues
are left overlying the etch stop layer. The etch stop | ayer and the oxide

| ayen sr exanmhees: igred .r erfimvet-dlo oo ettt Emanaraciess shiadloved rench i so;
.ation regions in the manufacture of an integrated circuit device. Also in
accomgﬁﬂgﬁaMﬁq1ﬁQﬁg(ﬁﬁ@ﬂﬁ%ﬁqﬁrRQﬁgﬁhallow trench isolations.

U.S. Patent 6,057,210 to Yang et al shows a process in which
cor.iexs of the silicon nitride areas are exposed using a wet
etclr. U.S. Patent 6,015,755 to Chen et al shows a partial
revirse mask process in which a reverse mask is formed over
wid. areas. CMP or etchback is used. U.S. Patents 4,954,459
to vanzino et al and 5,961,794 to Morita teach reverse mask
procasses. U.S. Patents 5,923,993 to Sahota, 6,057,207 to
Lin =2t al, and 6,103,581 to Lin et al teach CMP processes.
U.S. Patent 6,004,863 discloses isotropic etching of oxide

peaks.



inve.ztion, another nmethod of formng shallow trench isolations wthout

using CMP is achieved. A pad oxide laye.: is grown on the surface of a
sem €onductor substrate. A fi::st etch stop |layer is deposited over the pad
oxi de 4 r M1~ yer. A plurality of isolation trenches are etched

through try first etch stop | ayer and the pad oxide |ayer into the

sEai conduct or substrate whereby narrow active areas and wi de ac'.ive areas
are left between the isolation trenches. An ox.de layer is deposited over
the first etch stop layer and wi.hin the isolation trenches using a high
density plasna chem S@MMARPOPT dEPESINVENTPPNcess (HDP- CVD) having a

de~. osition conponent and a sputtering conponent wherein after the: oxide
| ayer fills the isolation trenches, the deposition r cor.-~onent is

di sconti nued while continuing the sputtering conponent until the oxide

| ayer is sputtered b%cRr%Pthﬁltﬁ€3F§E 8F|6%etP€ﬁ§ﬁ€§ £BVERELPBvel of the
pad oxide Ia A_sec tch st | ayer i s_deposited ov he oxi de | ayer
isi 9 5%?5 Ao aRerEy SEPES R B BRAC X T aPOP SABFERr FPSR PPEEESs oD - - v
havi Pg,, ggﬁ?ﬁgt 532128@9989&@9% athy tserh”%hgoﬁs @SEE 3@_ gby the
secon ayer is sputtere overlyln e oxI ayer
overiﬁlggrgggdfb5§5ueggh stop | ayEr |n the narrom/actlve areas and wher eby
the second etch stoF layer remains overlying the oxide |ayer overlying the
first etch stop layer in the wide active areas. The second etch stop |ayer
overlying the oxide layer in the wde active area; is etched away. Then the
oxi de |l ayer overlyi ng fhethetstbjektthost ahel pyesentt tiheenariobawisnd w de
active areas is etch; _d away. The first and second etch stop |ayers are
renotd poorddpl et mephadatipz ddbghakitewrtlegact ziedolsakildows tremehi ons in the
manuf acture of an integrated circuit device. BRI EF DESCRI PTION OF THE
DRAW: RicSataonge acconpanying drawings formng a ma.erial part of this
description, there is shown: Figs. 1 through 7 schematically illustrate in
cress-sectional representation a first preferred enbodi nent of the present

i nvention. Figs. Hng%g 1%b$%%§h%%’%%!Lér%glﬁﬁtﬁ%k%nth rQgs- sectional

represent ation a sec ref er nt”of the present ‘1 nvention.

DESCBEPTEGN1§5 EHEe@REEE@BE@aE¥@@QE¥E¥E%nar1zed shallow trench

iso .ations without using chemical mechanical polishing (CMP).

Yet another object of the invention is to
provide a method to fabricate planarized shallow trench
isolations without using CMP and without using dummy active

arecs.

In accordance with the objects of this
inve1tion, a new method of forming shallow trench isclations
with,ut using CMP is achieved. B&An etch stop layer is

depo ;ited on the surface of a semiconductor substrate. A



The present invention is an inprovenent over U S. Patent 6,197,691 to Janmes
Lee and the co-pending application Serial No. '03/$% (CS-00-138) to V.L.S.
Keor.~ et al. The present invention achieves the prevention of c;~ide

di shing and unifornmity control of the oxide thic~ness as do the patent and
co- pendi ng application. However, the present invention offers the further
advantage of e' .imnating the "dirty" CMP process. Afirst preferred

emboy: ,BRG £0f okhesBreseBh kPURRKEAN AW letgﬁeqeg_ﬁebegﬁ Whibhe@cn reference
to Figs. 1 through 7. A second preferred em-. ~odi ment of the present

i nveBtbpn1¥klk batrdesseki BeadiwbhRukeoer aneetkatkl gherdnihhawghwld. Referring
now nore particularly to Fig. 1, th~:re is shown a cross section of a

part aalkliyecatpbet eddi wider akedvei heet dew cefef belteekhr shepreferred

enbodi nent. A sem conductor substrate I'0, typically consisting of

nor odésydbalibnnérenchesn, Rs pxddedéddyeA psddepbisiteddoorirdehleayer 12 is
thermally grown over the substrate surface to a th; ~kness of between about
80 am#i-h2stapgdewens and Mitdinetdhe o tdpsr trenichegepysdinge@ overlying the
sem conductor substrate 10. The first etch stop |layer 14 acts_as a stop for

the SbPelE8SE ¥t EARRG oMM S§dp VEPRE Capesitine Prrsesst (HP8top | ayer 14
is preferably conpr.sed.of. silicon nitride and_i s .deposjt | Qw- pressure
g DA SRRt o ol W8 AR ASRRY (oBhert P

chem™Ca tiron ch’s a is

depogint 64310 13+l TrakRGIRON RRbaq 13 ae 1300 2290,259Q gt r OrTs.

Refe??inglnoﬁ to Fig? %, ?ﬁé F?%Et etch stop Iaygf vy and the seni conduct or

Substhatl @etdsAk8 ofl CRRINRNtONR JiRRMS nled WhiRlaried iAW ench

i solations that define w dE and narrow active areas. For exanple, narrow

acti wpareeilg Rempanendt hinafill ege Hamaier0.13 B whidey iMde acti, re

area 17 has a width of greater than about 100 um The 7 trenches are

et chéd@rud N aneonwliataral teleeitig WHRGRSS, Jeh cxideedeiyiere i on et ching

(RIE). A liner oxide layer 18 is grown within the trenches 15 to a

t hi cherierss rofthab disio 1H0(4 ofin Jrtrddves .1 sRefieyaanmg atedd tfordsl the3,oxadgap fil |

| ayer 20 of high de:sity plasma (HDP) oxide is deposited overlying the

fir stlagtagh ostes vimgert e efivth fStdn dgudte t rBrciResideHDRYSE de is usE d

because qf the excellent gap filling propertjes of thz~ process. In an HDP
TPl

pl as A priodedss Ehemetsh (P dides i'H9q SHSSidERand et ched
si mul taneously in.the~sane reaction. Thi.s, process .causes. t ilicon
di oxie(}:ec“e a"yaa’ef)"o STed voéf‘rly edglnasyeﬁﬂ/ AT %P%Sf'n s lea%' Oveﬂ}d%l_%

to ae | no voi ds. 1n ion, the

et Chixﬁ% %rt%{asssto%@éio A4 he P eoa@ﬁi?sé% ﬁft;aﬁ%{{ile H¥ Neofndege- angl e

pr of i at trenc ners as shown in ustration. In addition, a

densiddCaidaN SER v to &dPidmd p1Mdarzddasicoriaetcasmenmt of HDP
oxide is deposited to fill the trenches, the deposition conponent of the

HDP prgas=ssi drs dddingtk ofd | thaitmdher Afgore i oh apuidesdrgtednponentti s
continued. Under sputtering, the horizontal dinension reduces nuch faster
than dewiaeertical dinension. The sele aivity between the sl ope of the oxide
to the planar surface is approximately 5-10 . 1. Sputtering is continued 8
ur.il the desired depth D of the final oxide is reached, as sewn in Fig. 4.

Notice that this sputtering step breaks the ccinection bet n.{ he oxide 22
caithin the trenches %ﬁﬁPtﬁé ?&%&Eé%ﬁF%V%+€§i?Eftékg%fEﬂ %%ﬁghfﬁyer_l4. The
deposi1jOn. A, SPMASE RECKFSP FUSh: HFGRLPEY, AL EeRERS OF oD i N-situ,
isolations without using CMP is achieved. A pad oxide
laye.: is grown on the surface of a semiconductor substrate.

A fi: st etch stop layer is deposited over the pad oxide



as one step in the HDP chem cal vapor deposition (CVD) process. Referring
now fo Fig. 5, a reverse mask 25 is fo=ned aver the substrate exposing the
l.arge active areas 17. The reverse nmask has an over-bias. Now, the oxide

| ayer 20 is itched away over the |arge active areas 17 where it is not
covered by the mask 25, using the etch stop |ayer 14 as the etc_ ~ stop.
After renoving the mask 25, nost of the etch stop |ayer 14 is exposed, as
shownzkarki ga pluResidye odf ildE adXion &r2ddreRiaRe et drer ahrdiget ch stop

| ayer 14. Now, the etch stop layer 14 is renoved by str_pping wth

phospher ifd rati @étchostepalplyer BEnds tiiec past oxikday Eayeendvado wiHd al so renove
the oxi de residues 20 overlying the etch stop layer. As an alternative, the
r esi 8gaigrindactOrc subd triatst whe nehyovatdopy etcthivieg agelasctande widglet . i e et ch
stop layer before stripping the etch stop layer. Fig. 7 illustrates the

fi naIaCp;lia’ﬁ!arairt‘aflsofartehc—ile§ﬁal(gllediklet€tﬂerféﬁl ils@lagiion rre@ne®es22, Ahowi ng good

gl obal uniformty wthout 9 dishing. Significantly, this good gl obal

pl an8Xi OF WY edcZiSe Pe@PARiitIestio V@ el f irddh &TidaIs 198 ileisig,ahus savi ng

ma. :y .cl eaning process steps and saving costs. A second preferred
enbog'llnﬁ’ﬁ'tn (’J’fh%t H«?O‘é‘ra@s‘é’ﬁ‘t -rei%r}*veesnt“}%?%q IR FEOSE e P AATIR ref erence to
Figs. .8 through 12 The secand enbodi rrsené qj—%ﬁ hnvention is the same as
the 51 St EmodErént rc}udhrﬂ?e 1 esps T IPlagY P Re-erri ng now to

Fi 0: e, o3 1030 Idodnd et ZhePla Mpathdanild Yol MR- &2 derda, deposi ted

overlyrng the tfirst etcz stop |layer 14 and 1 ng the trenches. HDP oxi de

I's usele bpGasea Bfert 18Xl sd fdd |4 ith dHaperdH a9 od it SorPr ocess. In
an HDP pl asmer process, the silicon dioxide material is deposited and etched
Si muldeoarnesuesity i diraaimueBciiidie ddhtsipriagesshe amastdhiengil i con
dioxide to :~e deposited very densely and with no voids. In add_tion, the
et chioog JemzEsds sirdaus eshe e iHRP Ioayae i smsurerdadhdadarwidthidegrlse angl e
profile at trench corners as shown in .he illustration. In addition, a
densiifsccatiom sixnqhesH & dgrmedieve Hepbsihe dird &l tldvemt i  of about

3.6, +/200, is used tq fill the trenches. After the correct amount of HDP

oxi dé%%”}ﬁepﬁ}’éﬁb{ SFIR FIM9T thie I9RARHRE THF dpHorSHiTh @Fonent of the
O RS R B A o Pl AN B0, PP UL SRR 01 1
L X Sl b ) bR E N Yyt ghudfe ot
9. Niidrgforidit twhdrddy StribodismaietéRes 8O 1BFd NG StHPutSesE@rter than

awa: overlying the oxide layer overlying the first etch stop

layer in the narrow active areas and whereby the second etch

stor layer remains overlying the oxide layer overlying the

first etch stop layer in the wide active areas. The second

etch stop layer overlying the oxide layer in the wide active

areas is etched away. Then the oxide layer overlying the

firs—- etch stop layer in the narrow and wide active areas is

etchid away. The first and second etch stop layers are

remot ed to complete planarized shallow trench isolation



- in the first enbodi ment so that it does not break the cor_zection between
the oxide within the trenches and the oxi 3e overlying the etch stop |ayer
14. The deposition and spu=ter-back step just described are perforned
in-situ, as one step, in the HDP chem cal vapor deposition (CVD) process.
Referring now to Fig. 10, a second etch stop lay;.r 24 is deposited
overlying the HDP oxide |ayer 20. The second etch stop | ayer 24 conprises
siliconiohsridetdeppanthedcusire gfHRR- Qvbedirbbea depositi aavieesputtering
rati o of about 2, T/- 200. The HDP-CVD silicon nitride 24 is deposited onto
t he HDP- CVD oxi de | aBBEERODESCRIPHIONNOESTHE DBAWENGSabout 500 and 2000
Angstrons. The silicon nitride on the sidewall of t.ze oxide 20 above the
trenches is renmoved by this sput~ering step. Referring nowto Fig. 11, a
reverse mask 25 is f;.rmed over the sullstrate exposing the large active
areas 17. Now, the sini &bA Accpmgenyapgr dzawingst §psaiagag over the urge
active areas where it is not covered by the mask |1 25 using the oxide

| aye@26 281t RaTEt €R §hdP. AAPFELPELORI n§herRe1fasROPB i s rempved, as shown
in Fig. 12. Now the exposed oxide 20 on top of the active ar.:as is
renoved, as shown in Fig. 13. Referring now to Fig - 14, the etch stop

| ayers 24 and |4 are_renoved stripping W -, hos ori.c C|d for
exanple. Fig. 14 illaégﬁatg tgﬁg %ng sﬁﬂ&ﬁ&F? ﬁ?u§ﬁ§91§wlprench

i sol 0 I u i shi ng.
Slgn? %ggn% ngB a@ re gg %ggqgﬂ~gng??%§ %gg%%%%beveﬁbEG9ﬁ%ﬁﬁ chem cal
nechani ¢ab ggggghtngnvbhtlag savi ng many cl eani ng process steps and saving
costs. Thr planarity is~better in this second enbodi nent even than in the
first enbodi ment because the nitride | ayer prevents an, dishing. This

conpl etes fabrication of the shallow trEnch isolation regions. The shall ow
trench isol ati on hasFhgen Bothedught Adusclieslitigadiy Jiltllueitra@eP and t he
sut sequent cl eaning steps. Wile the invention has been particularly shown
and dBsc¥FPBEdsSeicthopaferepsesesteidopr & seceadepredieraeds thereof, it will

be understood by those skilled
emb-diment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is an improvement over

U.S. Patent 6,197,691 to James Lee and the co-pending

application Serial No. 09/5’05/?7 (CS-00-138) to V.L.S.
Keor 3 et al. The present invention achieves the prevention
0f cxide dishing and uniformity control of the oxide
thic:ness as do the patent and co-pending application.
However, the present invention offers the further advantage
of e’ iminating the "dirty" CMP process. A first preferred

embo..iment of the present invention will be described with



12 i: the art that various changes in formand details may be m-: de

wi t hout departing fromthe spirit and scope of the ir-~ention. Wat is
clainmed is: 13 1. A nethod of formng shallow trench isolation regions in
t he manufacture of an integrated circuit device conprising: depositing an
etch stop layer on the surface of a sem conductor substrate; etching a
plurality of isolation trenches through said etch stop layer into said
sem celdggence $obftigst.e IwWdreghnar.r ok a&ctdond prederaed wi de active areas
of said sem conductor substrate are |eft between said isolation trenches;
depo8FePRGMER toRifd&leaparsendr igwied tdiwh witldp beaglescaridesi mhith sai d

i solation trenches using a_high density plasma chem cal vapor deposition
proc€§§e€ﬁ5§5CVB)FH&§rng FhFONEE thi%on conponent and a sputtering conponent
wherein after said oxide layer fills said isolation trenches, said
deposi ti on conponent is discontinued while continuing said sputtering

conponent until said_ oxide. ayer is at a desired depth in sai.d isolation
trenches whereby sai ge)d%lﬁ(}&-énl aﬁléjrw WETH i sat’ uﬁsagﬂgfitgn l:{t}'rge'ncll"{es is

di scapnect d fham-sal %r@gsdge'cacyigdn verd '%31:1% %to?rlb&see i layer;

thereafter "etching away said oxide layer ovefly g sal stop layer in
sai d iy deatldd/ €13 RA%T WD iR | ANl TR S PG induer | ying said

etch stop

A (emiconductor substrate 10, typically consisting of
mor ocrystalline silicon, is provided. A pad silicon dioxide
lazser 12 is thermally grown over the substrate surface to a
thizkness of between about 80 and 120 Angstroms. A first
etca stop layver 14 is deposited overlying the semiconductor
sukstrate 10. The first etch stop layer 14 acts as a stop
for the subsequent etching of the gap fill layer. The first

eten stop layer 14 is preferably comprised of silicon nitride
and is deposited by low-pressure chemical vapor deposition

(LPVD). The first etch stop layer 14 is deposited to a

thirkness of between about 1500 and 2500 Angstroms.

Referring now to Fig. 2, the first etch stop layer 14
and the semiconductor substrate 10 are etched to form
trer ches 15 for planned shallow trench isolations that define
wide and narrow active areas. For example, narrow active
arez 16 has a width of less th§n about 0.3 pym while wide

active area 17 has a width of greater than about 100 um. The



| ayer; and 14 renoving said etch stop | ayer and said oxide residues to
conplete planarized said shallow trench isolation regions in said

manuf acture of said integrated circuit device. 2. The method according to
G aim1 further conprising growing a pad oxide |ayer on said seni conductor
substrate before said step of depositing said etch stop |ayer. 3. The

nmet hod according to Caim1l wherein said etch stop | ayer conprises silicon
ni t r tdenahdsi srdeptsheddubynghancoalenaponadeptshtingnptocaskhisckiness of

bet ween about 1500 and 2500 Angstronms. 4. The nethod according to Claiml
furt Aer reanpivei aAgngeswtigga (RIBer. | dydnineirt hkndsaildyiegoll8t iisn trenches
before said step of depositing said oxide |layer within said isolation
trengReyn FithRa EBehédeacdersdillg tro aCthiimkneaerdi abouitd 180ep of renoving
said etch stop layer and said oxi de residues conprises a hot phosphoric

aci dARHSPO2RSdi p. 15 6. The nethod according to aim1 wherein said step
of renoving said etch stop |layer and said oxi de residues conprises: etching
away sai d oxide residues using an etching recipe selective to oxide with
respect to sa|% etch stop layer; and thereafter renDV|n% %%I%j%ﬁfh stop

| ayer using XEAGETPRGsPRYr itC &di% Gu3Po#pPaifgll laver 2
de: sity plasma (HDP) oxide is deposited overlying the first
etch stop layer 14 and filling the trenches. HDP oxide is
used because of the excellent gap filling properties of
this process. In an HDP plasma process, the silicon
dicxzide material is deposited and etched simultaneously in
the same reaction. This process causes the silicon dioxide
to se deposited very densely and with no voids. In
add .tion, the etching process causes the HDP oxide to assume
the near 45 degree angle profile at trench corners as shown
in the illustration. In addition, a densification step may

be r.erformed.

After the correct amount of HDP oxide is deposited to
£ill the trenches, the deposition component of the HDP
proc2ss is turned off, but the Argon ion sputtering component
is continued. Under sputtering, the horizontal dimension
redu:es much faster than the vertical dimension. The
sele :tivity between the slope qf the oxide to the planar

surf «ce is approximately 5-10 : 1. Sputtering is continued



7. The nethod according to Caim1l1 further conprising fabricating

semi conduct or device structures in and on said sem conductor substrate

bet ween said isolation trenches. 8. A nethod of form ng shallow trench
isolation regions in the manufacture of an integrated circuit device
conprising: growing a pad oxide |layer on the surface of a sem conductor
substrate; depositing a first etch stop |ayer overlying said pad oxide

| ayenir stichimyg Gegildd@lddprofp isoleid omddenshese tiy oualesad d 44 rst etch
stop layer and said pad oxide |layer into said sem conductor substrate

wher efly>wiarirWwiact iave avefiscanthat dehdetdpier vd sy of t Sl - Serd camsluct or
substrate 16 are left between said isolation trenches; depositing an

oxi deed meart imrerbesaweterf ittlsd @t iode S2Dpvitdyet dnel twidrddiesaankd i siod at i on
trenches using a high density plasma chéenmi cal vapor deposition process

( HOP@D)deh &4 ry ex ldeipusi there tompatemt Layelr al Sputlles i depeshpbment wher ei n
after said oxide layer fills said isolation trenches, said deposition
conp@iehtsAGt thsdunh i’ wHise ¢@3eTikedgesainesponned i ig-sbhpenent untii |
said oxide layer is sputtered back within said isolation trenches to the

1 evel2oforsni sk mdi it HRE efhembpdli Yapeyr aderedhed @t ctC¥ bp | ayer over
sai d oxide |l ayer using a high density plasma chem cal vapor deposition

pr océ¥s’I4¥- CVD) havi ng a deposition conponent and a sputtering conponent
wher eby said second etch stop layer is sputtered away overlying said oxide
| ayer overlying said first etch stop layer in said narrow active areas and
whereby said second eilhestORg ! RYRT & CFRy NSs OVerlyi gssahdspxhges Layer
overlying said first etch stop layer in Said wde active areas; thereafter
et chifg: Av@Yyosat Ot15€ Colisks € £he SéRPot Y tBY LA Yo JaSaivle OXL8Es| @ayer in said
wi de active areas; thereafter etching away said oxide | ayer overlying said
firstThet chesdope Iyek has sam dovear+bivasnd Bewd whelecatdeveagerad and

is 2tched away over the large active areas 17 where it is not
covared by the mask 25, using the etch stop layer 14 as the
etchh stop. After removing the mask 25, most of the etch stop
lay:r 14 is exposed, as shown in Fig. 6. Residue of the

oxide 20 remains on top of the etch stop layer 14.

Now, the etch stop layer 14 is removed by
str-opping with phosphoric acid, for example. This etch stop
laver removal will also remove the oxide residues 20
overlying the etch stop layer. As an alternative, the
resilue oxide 20 could first be removed by etching selective
to tae etch stop layer before stripping the etch stop layer.
Fig. 7 illustrates the final planarity of the shallow trench

isol :tion regions 22, showing good global uniformity without



removi ng said first and second etch stop layers to 17 conpl ete pl anarized
said shallow trench isolation regions in said manufacture of said
integrated circuit device. 9. The nethod according to Caim8 wherein said
first etch stop layer conprises silicon nitride and is deposited by

chem cal vapor deposition to a thickness of between about 1500 and 2500
Angstrons. 10. The nmethod according to Caim8 further conprising growing a
| i nerdi] diayg wi tSHign i ahntslat attitois tgaat lebedf @rlansaiidstweas of depositing
said oxide layer within said isolation trenches. 11. The nethod according

t 0 Cladi ey sfhatidinP wai aheiiqn b fmefdpusi a3 h P oldli sh ind dechus esabyndHDP- CVD has
a deposition to sputter ratio of about 3.6. 12. The nethod according to

O ai M3BAUFSEAH RhiRF W T RHAY i FY 9 £¥cond etch stop |ayer by

HDP- CVD has a deposition to sputter ratio of about 2. 13. The nethod
according to Claim8 wherein said second etch stop | ayer conprises silicon

nitride having a thickness of between about 500 and 2000 Angstroms. 18
14. The method accor??nsge%%n B 5 8 W _reexi%ocgle{?%’afst%ts er_ﬁ%%ﬁ'r_h}b sai d
[ oS USSR 1 S SO AN S, SO LPES Lk HOSPICEL BBeld (eP09
sem conducid Levd 68 SHEMEIMERLS b @ Dlvention is the same as
- tht first embodiment through the steps shown in Fig. 2.

Referring now to Fig. 8, a gap £ill layer 20 of high density

plesma (HDP) oxide is deposited overlying the first

etca stop layer 14 and £f£illing the trenches. HDP oxide is

use l because of the excellent gap filling properties of

this process. In an HDP plasma process, the silicon

dio :ide material is deposited and etched simultaneously in

the same reaction. This process causes the silicon dioxide

to e deposited very densely and with no voids. In

add: tion, the etching process causes the HDP oxide to assume

the near 45 degree angle profile at trench corners as shown

in the illustration. In addition, a densification step is

periormed. A deposition to sputter ratio of about 3.6, +/-

20%, is used to fill the trenches.

After the correct amount of HDP oxide is deposited to
£fill the trenches, the deposition component of the HDP

procass is turned off, but the Argon ion sputtering component

10
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sai d senm conductor substrate between said isolation trenches. 16. A nethod
of form ng shallow trench isolation regions whereby a polishing process is
not used in the manufacture of an integrated circuit device conprising:
depositing an etch stop layer on the surface of a sem conductor substrate;
etching a plurality of isolation trenches through said etch stop layer into
sai d sem conductor substrate whereby narrow active areas and w de active
areas of sair§ Semitéon@det oPndebsspatéeaiagl efhebed nestnsal i imalatdon
trenches; de ositin%ﬁan oxi de | ayer over said etch stop |ayer and within

sai d isol at FGnCRENTHES G8FRGTathrghtBEn¥PEipRAsREM Rt al SRIfkering

d iti .( HDB- CVD). ,hayi d it t d tteri
Conponent. whSr SR CATLER SHTH loRPaeoKagey TP FEGRSAI BoFCorar 7ot Erbhes
sa § Sepostyion,comannt s Gisgontinued 1o, Wille senilauign st

sputtering conponent ‘unt sai d "oxi S al
i sol ation trenches, wWagkeRyrsalide@t deplbaysr cwothh -tognehes

i s disconnected from said oxide ﬁayer ove?lylng sgiggégc%ég%%%£€ayer;

thereafter atChing rAaway eaibddaxiede lsayeha@ver! ¥bBg satdpebsh shep layer in
said w de active areas wherein oxide |ayer residues are left overlying said

etch stop | agerjecaridn ewvideg Shied oatidle stidpihayne apdneRéd ex@den&esi dues

wi t hout using a polishing process to conplete planarized said shall ow

trench i sol axXige rogirdlysinign tde @tch stop layer 14. The deposition and
spu:ter-back step just described are performed in-situ, as

one step, in the HDP chemical vapor deposition (CVD) process.

Referring now to Fig. 10, a second etch stop
layir 24 is deposited overlying the HDP oxide layer 20. The
seccnd etch stop layer 24 comprises silicon nitride deposited
usir.g HDP-CVD with a deposition to sputtering ratio of about
2, +/=- 20%. The HDP-CVD silicon nitride 24 is deposited onto
the HDP-CVD oxide layer 20 to a thickness of between about
500 and 2000 Angstroms. The silicon nitride on the sidewall
of tie oxide 20 above the trenches is removed by this

sput :ering step.

Referring now to Fig. 11, a reverse mask 25
is furmed over the substrate exposing the large active areas
17. Now, the silicon nitride layer 24 is etched away over

the "arge active areas where it is not covered by the mask

i1



manuf acture of said integrated circuit device. 17. The nethod according to
Claim16 further conprising growing a pad oxide |ayer on said sem conduct or
substrate before said step of depositing said etch stop |ayer. 18. The
met hod according to Caim 16 wherein said etch stop | ayer conprises silicon
nitride and is deposited by chem cal vapor deposition to a thickness of

bet vieen apoul 1500 Apd 2500, Aposhr guB.y 20c. RO, The neheg according to

er "conprising growng a I'rnér layer~within said isolation

trenches, e or@?éa&g step of fdepgsihi ngssahgwRxifgerigyeqw thin said
i sol ation t%énc es. 20.“The netﬁgdégécg?d?ng to %Ja?§116 wherein said step
of renoving said etch stop |ayer and sai d oxi de residues conprises a hot

phosphoric acid {H3POn) dip. 21. The nethod according to Claim 16 wherein
said step of renovingyédi €het ekpster bayge aodofiatdpoyifdeneescdyos
conprises: etching away said oxide residues using an etching recipe

sel eciitvest OsOoxkdeveli| hasespewh LA sagd eBCh abepriaymer noandot kegeaft er
renoving said etch stop | ayer using a hot phosphoric acid (H3P0O~) dip. 22.
The nk4 hothacebedi sgopol&yyarsn 26 kudt hér acenpemsivad babsitcdppigg

sem conductor device structures in and on said sem conductor substrate

bet weeh-BapHosBPui FoAcidenEhssexaBpla.net hod of forming shall ow trench

i sol ati on regi ons whereby a polishing process is not used in the 21

Fig. 14 illustrates the final planarity of
th¢ shallow trench isolation regions 20, showing good global
un: . formity without dishing. Significantly, this good global
plinarity was achieved without chemical mechanical polishing,
thi's saving many cleaning process steps and saving costs.

The planarity is ‘better in this second embodiment even than
in the first embodiment because the nitride layer prevents

an. dishing.

This completes fabrication of the shallow
trench isolation regions. The shallow trench isolation has
becn formed without dishing and without CMP and the

sul sequent cleaning steps.
While the invention has been particularly

shcwn and described with reference to the preferred

em: odiments thereof, it will be understood by those skilled

12



manuf acture of an integrated circuit device conprising: grow ng a pad oxide
| ayer on the surface of a sem conductor substrate; depositing a first etch
stop layer overlying said pad oxide |ayer; etching a plurality of isolation
trenches through said first etch stop | ayer and said pad oxide | ayer into
sai d sem conductor substrate whereby narrow active areas and w de active
areas of said sem conductor substrate are |left between said isolation

t r encheshe depbsthahgvanionsdehbayes dmefosai dndli destaglshmatyopel ayer and
within said isolation trenches using a high density plasma chem cal vapor
deposide onl phoebsdepMDPOVD) fhawi hjeasnépdsi endnscorpofénthand a sputtering
conponent wherein after said oxide layer fills said isolation trenches,

sai d*dépeE+PPeon conponent is di scontinyed while continuing said sputtering
conponent until said oxide layer is sputtered back within said isolation
trenches to the level of said pad oxide | ayer; depositing a second etch
stop | ayer over saidwﬁﬁkde Ia er. g a high density plasma chem cal vapor
deposition process ( cvB) © 3@Wﬁ a“deposition conponent and a sputtering
conponent whereby said second etch stop layer is sputtered away overlying
said oxide |layer overlying said first etch stop layer in said 22

. A As. Ays. A@ A@ AF. A3n, . A@. AF. AH?. A19. A A . A3. AI[ & A A nR A AY5?. A Afe. AY!
9[w&JJmN¥2K 3nz

J}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c8a]ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c8a! - ={8nEx(] }xsni d_Z] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c

aJca] ca] ca]cal ca] ca]cal calca]ca] calca]ca]calcal 5 X' ##g$t $UR& ((())) " *++---.
2. . 12P22} xsni d_ Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca'222334566177778CB8889}:::::!,<,

<P<\<p<v<|mwnhcAY]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c“a]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calv<<<< 8=j ===>>Q>N@aaaoh- AaAAAO
BCCDODf DI DDDDEPE} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! PE[ EEEEFMFWFFFFFGGGXGEEE2
H8HHUJ3MB MMV N- OF OOO. PPP} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! PPP3Qc QQQQLR;
Rt RRR
S&SXSSSST? TKUQUBVUVWWIRWAWNAX$SY} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! $Y*YbYYYZY
ZZZZ[ 3[ I [W [ [u\\\ A aaRWNWMAX$Y} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]lca]ca ?[wdC
1SYML09%5& () -10%& ()- :109%B& ()-nmBMLO%bE& ()-,!"10%& () -
F&@&10%8535& () -gQ Ja?! | F$10%bnb& () -f ni' 109%6&' () -
1096& () - @0%& ()-!10%& ()-! &#10%%5& ()-JIxnbCl Y& 109B& ()- 105 105
105$<10%& () - &8s10%& () -$"10%& ()-" 10%& ()-9wy-/012}"SH= 10B
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10B 10BQSIO%B&T()-3"10%B&f()-!,#10%&B&B&f()-‘ "109B& ()-!& "109%& ()-2K 3
aBSH= 10 10%&' () - 109%&' ()- 109 ()-M10%& ()-!!'10%c& ()- 10%& ()-n
JAESH= 103&s!10% & ()-3 $@0%& ()-3!'Y'10%& ()- 3 10%& ()- f109%& ()-
109 ()--dYNC 10 10 10 109 10%& ()-Fi1f 109%0& ()-Y/!'10%& ()- |
-t109%& ()-F*:109%& ()-={8dEYNC 10 .10%& ()-|
@ MLO%&' ()-33"10%& ()-3SS"10%&' ()- L"109N& ()- IL'10% ()-8nxnbC
1. A method of forming shallow trench isolation regions
in the manufacture of an integrated circuit device
comprising:
depositing an etch stop layer on the surface of a
semiconductor substrate;
etching a plurality of isolation trenches through
said etch stop layer into said semiconductor substrate
whereby narrow active areas and wide active areas of
said semiconductor substrate are left between said
isolation trenches;
depositing an oxide layer over said etch stop laver
and within said isolation trenches using a high density
plasma chemical vapor deposition process (HDP-CVD)
having a deposition component and a sputtering component
wherein after said oxide layer fills said isolation
trenches, said deposition component is discontinued
while continuing said sputtering component until said
oxide layer is at a desired depth in said isolation
trenches whereby said oxide layer within said isolation
trenches is disconnected from said oxide layer overlying
said etch stop layer;
thereafter etching away said oxide layer overlying
said etch stop layer in said wide active areas wherein

oxide laver residues are left overlying said etch stop

layer; and

14
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10P@L0%. ()- 10 10 1099s109%& ()-3 109 ()-1& 109 ()- 40s10%& () - xnbC

10F 1 10%& ()- 10 10 109t 109& ()- OFS'109& ()- FS'10%& () -

3F! 10%&' () - EXdEnbC 10 3 10%& ()- yL! 10%& ()- |10%& ()- 10%& ()-
8&s10%& ()- &10%& ()- (] dEMbC 1038&s! 10%&' () - nF %A0%& () -3

L! 10%<& ()-310%& ()-3S10%& ()-3 MLO%E& ()-5 X"bC 1031 "109%& ()-3 10% ()-3
109& ()- 10< 10< 10< &9S10%& ()-FS, - #109& () - X" ##HHH#gSt $%-_=! @L0%& () -
y10%&' ()- 31"10%&' ()- 10 10

removing said etch stop laver and said oxide

residues to complete planarized said shallow trench

isolation regions in said manufacture of said integrated

circuit device.

2. The method according to Claim 1 further comprising
growing a pad oxide layer on said semiconductor
substrate before said step of depositing said etch stop

layer.

3. The method according to Claim 1 wherein said etch
stop layer comprises silicon nitride and is deposited by
chemical vapor deposition to a thickness of between

about 1500 and 2500 Angstroms.

4. The method according to Claim 1 further comprising
growing a liner layer within said isolation trenches
before said step of depositing said oxide layer within

sajid isolation trenches.
5. The method according to Claim 1 wherein said step of

removing said etch stop layer and said oxide residues

comprises a hot phosphoric acid (HsPOa) dip.

15
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removing said etch stop layer and said oxide residues
comprises:

etching away said oxide residues using an etching
recipe selective to oxide with respect to said etch stop
laver; and

thereafter removing said etch stop layer using a

hot phospheoric acid (HaPOa) dip.

7. The method according to Claim 1 further comprising
fabricating semiconductor device structures in and on

said semiconductor substrate between said isolation

trenches.

8. A method of forming shallow trench isolation regions
in the manufacture of an integrated circuit device
comprising:

growing a pad oxide layer on the surface of a

semiconductor substrate;

depositing a first etch stop layer overlying said
pad oxide layer;

etching a plurality of isolation trenches through
said first etch stop layer and said pad oxide layer into
said semiconductor substrate whereby narrow active areas

and wide active areas of said semiconductor substrate

i6



10f: 10% & () -
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depositing an oxide layer over said first etch stop

layer and within said isolation trenches using a high

density plasma chemical vapor deposition process (HDP-

CVD) having a deposition component and a sputtering

component wherein after said oxide layer fills said

isolation trenches, said deposition component is

discontinued while continuing said sputtering component

until said oxide layer is sputtered back within said

isolation trenches to the level of said pad oxide layer;

depositing a second etch stop layer over said oxide

layer using a high density plasma chemical vapor

deposition process (HDP-CVD) having a deposition

component and a sputtering component whereby said second

etch stop layer is sputtered away overlying said oxide

layer overlying said first etch stop layer in said

narrow active areas and whereby said second etch stop

layer remains overlying said oxide layer overlying said

first etch stop layer in said wide active areas;

thereafter etching away said second etch stop layer

overlying said oxide layer in said wide active areas;

thereafter etching away said oxide layer overlying

said first etch stop layer in said narrow and said wide

active areas; and

removing said first and second etch stop layers to

17
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regions in said manufacture of said integrated circuit

device.

9. The method according to Claim 8 wherein said first
etch stop layer comprises silicon nitride and is
deposited by chemical vapor deposition to a thickness of

between about 1500 and 2500 Angstroms.

10. The method according to Claim 8 further comprising
growing a liner layer within said isolation trenches

before said step of depositing said oxide layer within

said isolation trenches.

11. The method according to Claim 8 wherein said step of
depositing said oxide layer by HDP-CVD has a deposition

to sputter ratio of about 3.6.

12. The method according to Claim 8 wherein said step of
depositing said second etch stop layer by HDP-CVD has a

deposition to sputter ratio of about 2.
13. The method according to Claim 8 wherein said second

etch stop layer comprises silicon nitride having a

thickness of between about 500 and 2000 Angstroms.
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removing said first and second etch stop layers

comprises a hot phosphoric acid (HzPOa4) dip.

15. The method according to Claim 8 further comprising
fabricating semiconductor device structures in and on

said semiconductor substrate between said isolation

trenches.

16. A method of forming shallow trench isolation regions
whereby a polishing process is not used in the
manufacture of an integrated circuit device comprising:

depositing an etch stop layer on the surface of a
semiconductor substrate;

etching a plurality of isolation trenches through
said etch stop layer into said semiconductor substrate
whereby narrow active areas and wide active areas of
said semiconductor substrate are left between said
isolation trenches;

depositing an oxide layer over said etch stop layer
and within said isoclation trenches using a high density
plasma chemical vapor deposition process (HDP-CVD)
having a deposition component and a sputtering component
wherein after said oxide layer fills said isolation .

trenches, said deposition component is discontinued
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10810%&f()'%@@ﬁyWQ?X9§Zr§Ey said oxide layer within said isolation

trenches is disconnected from.said oxide layer overlying
said etch stop layer;

thereafter etching away said oxide layer overlying
said etch stop layer in said wide active areas wherein
oxide layer residues are left overlying sgid etch stop
layer; and

removing said etch stop layer and said oxide
residues without using a polishing process to complete
planarized said shallow trench isolation regions in said

manufacture of said integrated circuit device.

17. The method according to Claim 16 further comprising
growing a pad oxide layer on said semiconductor

substrate before said step of depositing said etch stop

layer.

18. The method according to Claim 16 wherein said etch
stop layer comprises silicon nitride and is deposited by
chemical vapor deposition to a thickness of between

about 1500 and 2500 Angstroms.
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19. The method according to Claim 16 further comprising

growing a liner layer within said isolation trenches

before said step of depositing said oxide layer within

said isolation trenches.

20. The method according to Claim 16 wherein said step
of removing said etch stop layer and said oxide residues

comprises a hot phosphoric acid (HaPO.) dip.

21. The method according to Claim 16 wherein said step
of removing said etch stop layer and said oxide residues
comprises:

etching away said oxide residues using an etching
recipe selective to oxide with respect to said etch stop
layer; and

thereafter removing said etch stop layer using a

hot phosphoric acid (HsPOa«) dip.

22. The method according to Claim 16 further comprising
fabricating semiconductor device structures in and on

said semiconductor substrate between said isolation

trenches.

23. A method of forming shallow trench isolation regions

whereby a polishing process is not used in the
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depositing a first etch étop layer overlying said
pad oxide layer;
etching a plurality of isolation trenches through
said first etch stop layer and said pad oxide layer into
said semiconductor substrate whereby narrow active areas
and wide active areas of said semiconductor substrate
are left between said isolation trenches;
depositing an oxide layer over said first etch stop
layer and within said isolation trenches using a high
density plasma chemical vapor deposition process (HDP-
CVD) having a deposition component and a sputtering
component wherein after said oxide layer fills said
isolation trenches, said deposition component is
discontinued while continuing said sputtering component
until said oxide layer is sputtered back within said
isclation trenches to the level of said pad oxide layer;
depositing a second etch stop layer over said oxide
layer using a high density plasma chemical vapor
deposition process (HDP-CVD) having a deposition
component and a sputtering component whereby said second
etch stop layer is sputtered away overlying said oxide.

layer overlying said first etch stop layer in said
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