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"present invention.relates to the fabrication of 5 sem conductor devices.

More speciloBikdsys it relates to a nethod for limting givgtelsgdedation in
shal l ow trench 1solation (STl) structures used in sem conductor devices.

Background Art The trend in sem conductor device fabrication towaréssss~ 10
smal l er, faster and nore densely packed devices has led to the devel opnent

gat & i f oot 1 55, gy S CORRPAE e it 240 79 MO

sem conduct or device such as a transistor 1s etched 1nto a sem conduct or
substrate and t hen PO$T BHARLOW TRENGH JSOIANTIONHRRAGEASES n t he nitrogen
.inmplanted gate dielectric technique, nitrogen atons are introduced into

gate oxiﬁeecginn:.L ﬂr%re]}do I ncrease the dielectric constant of the gate. A
side ef ' npl ant has been to increase the etch rate of the STI
dielectric. |The pasisegptt HaventhonarelateshtoSthedfabettatto20chas | ead to
an 5nCleAse ddhdddt il QRIARIY. | for@Ndpstzesdli BY! 161 y0iSceblfo 4 15 @ 1op
view of a sem conduyctaqr transistor |PI ustrating an S lvot. In FIG 1,
seni condiRiRd dor ddmiddny iddveke fprastupneikanphal dovokprameni apla weenl

oxi de si{geon sHhrucEMB): t=RIBSiist @ehicosdagebouadedchy.an STI. dielectric
105. Sem conductor device 100 includes source/drain regions 110 forned in

silicon and separated by a channel region 115. A gate 120 (generally
pol ysi | iBagkgwemda Axst e dielectric) is formed over channel region 115 and

overl aps sourggf/ ¢hainl e0isRd cbhBucBBrAadi Yot £2BrhascbeRncéwargd in ST

i1 adj acent. to sem conduct or . devi ce_100.
*9?0 J smaller, faster and more densely packed devices has led to the

development of STI and as gate dielectrics have trended thinner,
nitrogen implanted gate dielectrics. In the STT technigque, a
trench surrounding a semiconductor device such as a transistor
is etched into a semiconductor substrate and then filled with a
15 dielectric material. In the ﬁitrogen implanted gate dielectric
technique, nitrogen atoms are introduced into gate oxide in
order to increase the dielectric constant of the gate. A side
effect of this implant has been to increase the etch rate of the
STI dielectric. Increasing the etch rate of the STI dielectric
20 has lead to an increase in the propensity for and size of STI
divots.
FIG. 1 is a top view of a semiconductor transistor
illustrating an STI divot. In FIG. 1, semiconductor device 100
(in the present example a complementary metal oxide silicon
25 (CMOS) transistor), is surrounded by an STI dielectric 105.
Semiconductor device 100 includes source/drain regions 110
formed in silicon and separated by a channel region 115. A gate
120 (generally polysilicon over a gate dielectric) is formed
over channel region 115 and overlaps source/drain regions 110.
30 A divot 125 has been formed in STI 105 adjacent to semiconductor

device 100.
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*GODUU2* | LN~ d~Aq 12 APR 2006 WO 03/ 044833 PCT/ US02/ 36397 FIG 2 is a side
view through 2-2 of FIG 1. FIG 2 illustrates the device of FIG 12 APR 2008
fabricated i.n silicon-on- insulator (SO) technology. In SO technol ogy, a

| ayer of I j ormed on a silicon substrate and a sil}] IS
f or med SOQP%?IQ{‘%&%{G de layer. In FIG 2, channel region 1%[ ar??gé% 105

are fornmed on top of a buried oxide (BOX) |ayer 135. Gate dielectric 130
and gate 120 are formed over STl 105 and channel region 115. Divot 125 is
clearly llustrated in STI 105 where the STI and channel region 115 neet.

The t hi ckness channel 10 _.region s "Ds ou gat e ut
decreases to Ffaﬁlfgékgeég S Bideatglfgﬁ’e%é?r?g%syc a%%gﬁef?ég#bn% il}nterface
due to~t Hé luysteesreetbe devarel2$ FAGt ht Hibvricated dirlstl¥¢an-86 and gate
120 fill s di¥el }201h OLBLAAcRogyOr NeR g@f'ﬁ@¢ﬁn&<§§;¥,”% 18R CF CRYUSRS

| eakage because a conductive inveysion layer wl|_ 1 ormin channel region
115 near I JOFMess 0Bt 25 SidhePny §EPESEAE naRC t AeS bt PRt . LAXRhH-16h fedMesye  of
the gent 1l ter bixeds 0hykhe davice.bgradbennéR " résidessishand" "1 "105

Referring again tq FI 1, divot 125 _extends ng, t he ire periphery of
o cong b boiEea. Bh b P BQREFAGA o598 (REX) s - 16! SPRLn b
Sbove, gi?i@lebziiﬁay.soeauat gatet 120 REedfbomedeovet chTgalLes pahd sdha ol
uring definiti

Guri 10 Sel il ;00 S804 ondyociBYe, PRV LEPTIAE SRANE
shorts mahe r999ubhd chahheloveyiehclliEsmeee. mthe theokpesshof hrlouglelof 25
st {1 ng % bt 40 DY HECBF PRSeundRr | JrhgieSTPrEsh, CA HATRE That
el i m nat ePWr atedheeSTITLOSI/ vhanhednatgbon W8l dnebrfaoat éuerte ethiee both [
(ne | ok, gl 85 RiopPabsclly caD eheh *ShebedsPLADLETD, o e rgade Do
current 120 fill in divot 125 forming a "corner device." A corner
dévice causes leakage because a conductive inversion layer will
15 form in chamnel region 115 near divot 125 at a lower voltage
than the normal turn-on voltage of the central portions of the
device because "D2" is less than "D1."
Referring again to FIG. 1, divot 125 extends along the
entire periphery of semiconductor device 100. In addition to
20 the "corner" device described above, divot 125 may result in the
need to over-etch gate polysilicon during definition of gate 120
in order to remove polysilicon from the divot. If polysilicon
is not removed from divot 125, gate to source/drain shorts may
result. If the over etch is too much, then punch through of
25 gate oxide 130 (see FIG. 2) may occur during the definition of
gate 120 resulting in unwanted etching of the underlying
silicon. A method that eliminates or reduces STI divot formation
would eliminate or reduce both the leakage problem and
polysilicon etch related problems. However, to be economically
30 viable, such a method must add as little change to the current

fabrication processes as possible.



fabrication processes as possible. 2 12 APR 2006 WO 03/ 044833
PCT/ US02/ 36397 Di scl osure of. Invention A first aspect of the presep% APR 200,
“invention is a nmethod for |imting divot formation in shallow trenc¢ b

i sol ati onygjfdslsdssy €S conprising: providing a trench forpeghysddsesssi | i con
region with a 5 deposited oxide within the trench; oxidizing a top |ayer of

the silicon region to forma layer of thermal oxide on top of the silicon
region; and selectively etching the thermal oxide with respect to the
deposited oxide. A second aspect of the present invention is a nmethod for

10 formﬂ%ﬁ@!%ﬁwotfr gRRdr§@pati on structures conprising: formng a

| ayer of ermal, oxide on a sSilicon region, formng a trenc@jt&r ugh t he
| ayer of thePndliréki @sregto ofhdhe; PF@éﬁnFegPSﬁl?thgl FFnd PREC with a
dﬁpozi te.ﬂj:nﬂi)@&dﬁ %%tsﬂo&@dairi]:\i@gly inetshhillgwt beehbar mblakide sktictesgect to
the deposited oxide. 15.A.third aspect of the.present.inyenti | .Ss t hod
for forTAWRF EHA% oR 9 §30I‘_‘§te|‘121 ?11 éE?)Fﬁlce: u?‘gsgcgrgn%%l&gll\{n%é?%r] n?lrﬁlr%
first |ajeposiftahenide oxitddrothe didencbn eugidmingopntap aY@JFe‘Pv’t:ktghq?lrough
the first:qayer Qyilpertple 4l de 108 e akkha?Noxiagi 8n; t&!f;'&f Nghd he
trench wth a deposited oxide; rendving the 20 first |layer o ,éher | oxide
and a t op LFTRFEGON GRoralsetiyedysietelingi oo FBFE\‘\‘/‘ﬁg LR IR ayer
of ther nadsed tlecOrhh@epodiitedn oxddiean; ard sel ectively etching predefined

o %5 e AR LK S e M e sSTPER! ! et Lo
séfof or t formind estadgonti dd enshaiimolation wionctymest SePPrifsngyeformdng be
best undersinod oD HEhRI1EBE dL dha allliewhngedebal; | edriiengr aptiancef an
ot Taver 57" il 34 15EOnY B2 508928688 Pany1 N
dr awi.ngsSPRIEFR yer o glon;
filling the trench with a deposited oxide; and selectively
etching the thermal oxide with respect to the deposited oxide.
15 A third aspect of the present invention is a method for
forming shallow trench isolation structures comprising: forming
a first layer of thermal oxide on a silicon region; forming a
trench through the first layer of thermal oxide into the silicon
region; filling the trench with a deposited oxide; removing the
20 first layer of thermal oxide and a top surface portion of the
deposited oxide; forming a second layer of thermal oxide on the
silicon region;'and selectively etching predefined areas of the
second layer of thermal oxide with respect to the deposited

oxide.

25 Brief Description of Drawings
The features of the invention are set forth in the appended

claims. The invention itself, however, will be best understood
by reference to the following detailed description of an
illustrative embodiment when read in conjunction with the
30 accompanying drawings, wherein:
FIG. 1 is a top view of a semiconductor transistoxr
illustrating an. STI divot;
FIG. 2 is a side view through 2-2 of FIG. 1;



FIG 1is atop view of a semconductor transistor illustrating an.STI
divot; FIG 2 is a side viewthrough 2-2 of FIG 1; 3 T 2 APR ZOGQWQRZUUB
03/ 044833 PCT/ US02/ 36397 FI Gs. 3A t hrough 3G are partial cross-sectional
views il g STI divot formation; and FIGs. 4A thy re
parti al c‘rk%?ébg‘g%{l onal views illustrating the method ofcq.r egum nﬁ STI
divot formation 5 according to the present invention. Best Mde for
Carrying Qut the Invention FIGs. 3A through 3G are partial cross-sectional
views illustrating STI divot formation. In FIG 3A a silicon substrate

140 has a to rfage (gegll urf on
substrate 14 I(?ésJ a§l Osﬂféu%f Q&%}%&;&t of)'%%ﬁr %égg}g?gg ¢ %dr]%ed on top
sur f aceii38sbraBOxg| é?érdiY)@tl%OJéi“%ﬂqrborﬂnq ayer 160 having a top surface
;1:65 :jn one f»'x@gp:c (7Y %ﬁ%lggmfm ayes pet il &@%6 e - %@Qt&@ggﬁoﬁaé\viéhl ck. 170
orned Q sutface of silic er is,a_pad oxide |ayer

havi ng &Q@B ¥8tinPs Ghe Iﬁ%ho‘fi—'o‘?#reﬁe‘ﬁ'ﬁ:’t’ép s&f} %&é’@tl?% gﬂ)‘&’a OXi ée | ayer
173G isaacpadlngttodEhéayeeséﬁﬂ ihverdniorexanpl e, pad oxide |ayer 170 is a
t hermal oxide forned by oxidation of upper portions of silicon |ayer 160

and is about 60 to 250 A thick, and pad nltrlde | ayer 180 is forned by a
cheni caBeghpMedacfesi Eash imyrupothe dasees &% i s about 500 to 1500 A

thi ck Id n Fi ﬁegiga tF£56Hn 186 dge ;Sfolﬁg.gaE Wr@\é@hsléédlﬂhhﬁlﬂ?ﬁewéai’gg 180
pad oxi cop | ayer t urface 0
| ayer 33 EﬁEﬁn%g%g a’r%?\:nago g/tlf‘i’i'fm nlfj" gﬁg‘p §§‘I’e? gﬁg a°PBhot or esi st
| ayer ongubadratérn.de hasea EBplﬁﬂrfqnd:eas:rms et cﬂ'nmgad hen pragh Butrfede [1dger

| ppi N hoto r in t .0xi de | and

ma ogt iﬁﬁgflhgu c%re'n ?ége%s arr enc ai’é% iis?O' 5%%1\/1\}@(1% tpﬁy%%%face
exanpl e 1L55W " Fosm8800A bopgseaf@q:e 155 of BOX layer 150 is a silicon

layer 160 having a top surface 165. In one example, silicon

layer 160 is about 300 to 2000 A thick. Formed on top surface

165 of silicon layer 160 is a pad oxide layer 170 having a top
15 surface 175. Formed on top surface 175 of pad oxide layer 170

is a pad nitride layer 180. In one example, pad oxide layer 170

is a thermal oxide formed by oxidation of upper portions of

silicon layer 160 and is about 60 to 250 A thick, and pad

nitride layer 180 is formed by a chemical vapor deposition (CVD)
20 process, and is about 500 to 1500 A thick.

In FIG. 3B, a trench 185 is formed through pad nitride
layer 180, pad oxide layer 170 and silicon layer 160 to expose
top surface 155 of BOX layer 150. Trench 185 is formed by
forming and patterning a photoresist layer on pad nitride layer

25 180, plasma etching the pad nitride layer, stripping the
photoresist layer, wet etching the pad oxide layer, and plasma
etching the silicon layer. Trench 185 is "Wl1l" wide. In one
example, "Wl" is 500 A or greater.

In FIG. 3C, trench 185 (see FIG. 3B) is filled with

30 dielectric, in the present example, a high-density plasma (HDP)
oxide; the oxide is chemically-mechanically-polished (CMP) to
form STI 190; and pad nitride layer 180 (see FIG. 3B) is



In-FIG 3C trench 185 (see FIG 3B) is filled with 30 dielectric, in the
present exanple, a high-density plasma (HDP) oxide; the oxide is
xchenfcally mechani cal | y-pol i shed (CGWP) to form STI 190; and pad mQtAmﬁmﬁ

|ayer 1804o3gRuah 3B) 1S 4 VIO 03/ 044833 12 APR 2006 Pt Shca9397

renoved. e renoval of pad nitride |ayer 180 reduces the ness of pad
oxi de layer 170 from about 60 to 250 A to about 45 to 250 A In FIG 3D,
pad oxide layer 170 (see FIG 3C) is renmoved 5 using a dilute hydrofluoric
acid etchant (DHF) to expose top surface 165 of sili coE Iaye%r3 160. DH]ICZ
conprises_an gquegus solutjon of 1 part 49% HF by weight to parts o
vva'[rgr by ePQREEGht . THReTETENAL aPE PR tHELIHkE bavhy CGE8GTredgtes EHRHF i s

about OBRitRnEBEe6ft baBSckD8eel HReF ai %o Ofr&l{'eaﬂél?{ @&!%% fzi\f £10 %%l ¢Oxi de
| ayer Zg £ %)PE In order to ensure that all of pad oxide [ayer
renoved Bv e%‘ch Is perfornmed. The etch time of the pad oxide Iayer

renoval processFig. Db, I§aaeb££d@dla3}é3: rerevesadauts 7Gd)o %Ogeﬁiogfe pad
Sone of STI 190 is al so

5d o] to 250 A are present.
esoved DR cr Yy BT S e el Shytianty g DT Cpogrmeeenispa
di stanceurD@Ce hﬁ)‘bvefteplsuohabwénﬁ&m S| DHE afonipyisde sl G ak;{ﬂe@ﬂ]? exarrplje
"D3" is 00 t n i,sotropic etc ant or oxi des,
t hat |sS§i[))I@I%£%1tzc%€esP|%§g |£%I ﬁgﬁgﬁﬁ)%e% 58 PEg, ?T%a\ﬂ t P85°%98Yare for ned
al ong tﬂ%lﬁ'boseﬁ“?)e‘?t%elf@t%foﬁﬂhe Z{DPlQDC:Lden oFf| GTI3M,90a isa@HH iiei al oxi de

| ayer 2&1901h§ éxlsr@rwl tLHreQVQMeQFEHéDI%t%H 368 1858k $hk &ﬁgm 13§¥§e 150. By
tgg natlli ??gl%% er na [0).4| datlon processes an upper portion O SITITCO

%Jédl?% 7| Pon o Rdemh tenensxaepltatsadii pEchad 25
oxi de | ewide 2DAyéis D0 t Ds 258mvddi K. oy tem&l RY Rlor £¥2hkAUS THAPLEGRTIT ON

processglmermé/f q:%é)%afé)rox:Lde Ffaye?.”xanl: Io(:%ralI %rtc>cess in DHF is selected

to remove about 70 to 400 A of pad oxide, though only about 45
to 250 A are present. Some of STI 190 is also removed. After

15 removal of pad oxide layer 170, STI 190 extends a distance "D3"
above top surface 165 of silicon layer 160. In one example,
"D3" is about 700 to 1300 A. Since DHF is an isotropic etchant
for oxides, that is, DHF etches in all directions equally;
céncavities 195 are formed along the exposed periphery of STI

20 190.

In FIG. 3E, a sacrificial oxide layer 200 is thermally
grown on top surface 165 of silicon layer 160. By the nature of
thermal oxidation processes, an upper portion of silicon layer
160 is converted to silicon oxide. In one example, sacrificial

25 oxide layer 200 is 40 to 250 A thick. At this point, various
fabrication processes may be performed. For example, in the
case of complementary-metal-oxide-silicon (CMOS) device
fabrication, Nwell and Pwell ion implants are performed. The
purpose of sacrificial oxide layer 200 is to protect top surface

30 165 of silicon layer 160.

In FIG. 3F, sacrificial oxide layer 200 (see FIG. 3E) is
removed using DHF. In order to ensure that all of sacrificial

oxide layer 200 is removed an over etch is performed. The etch



case of conplenentary-netal -oxide-silicon (CMOS) device fabrication, Nwell
and Pwell ion inplants are perfornmed. The purpose of sacrificial Oﬁ?%(?’ 2
layer 200 is to protect top surface 30 165 of silicon |ayer 160. &006

3F, sacri fyglogbsagusi de | ayer 200 (see FIG 3E) is renmovedpdisiddsisda | n
order to ensure that all of sacrificial oxide |ayer 200 is renoved an over

etch is perforned. The etch 5 T 2 APR 2006 WD 03/ 044833 PCTI US02/ 36397 ti ne
of the sacrificial oxide |layer renoval process in DHF is selected to
remove about 70 to 400 A of sacrificial oxide, though only about 40 to 250 -
A are preseatof Comeisrenpfiaeal exeine dafer e ale wirce e seh G ot DHF2Gsto 70 A

thick thEéﬂEJ:tQ&t@o SrObHe hewer 202 d @ A O4AR FikacexiGe,of silicon
layer 160. A nitrogen ion inplantatjon is then performed. In FIG 3G gate

oxi de | alRPughonly cRheikl 49 HRif42y arrﬁ/é?rcﬁsl%&u ConkiauiparrhepHr i s
corrprl sedxahpbaeoPad tClads 4Q8¢idd, dbote pardcs wf B0% MHACH ahedreadhyapart s

t I ht. BHF t ' hant f d
Therover o¥REe THeo e Phsi afvim (S o SRS B85 e st A the
HDP oxi tleol n BHE tnogeasesn f implaboatidn 54 ithen tgetfoaineddhermal oxide to
bout 6 t t of h I | t hat h t
oxide Layer | B Ao S noneh For Ay AvA st i Bieaatedlog” e
et ch ti neydfofheoxit eaoki deBERyer BRR cis mmé& cBHenies peaiteotfed 9%0
[ enmove ahput £ 40 [9ad0 A OFox G DIPHHIC 1 GRUGH A Yrahaulb20aie B A are

present This  Trcreased etch rate ni_t rogen | npl . ant ed In B results
n 10f or neeight of ?%ng@@o%%otmwcﬁrg: & (Hedesof é’hﬁrfy@rzﬁh\%h

the gat en i 8gen SimbLaretl. ikbMtfes Wn @cttlermb:oa theeatch difdaans®e cHeb Horel ow
top surface.165 '(']%E?IIICOI’I Iaé/ 160 aj% Ilnetaﬁla%osta " wide. [
In one eXAhPfet™ Hha e a#’% nhebso t?‘ﬁFES 4A
t hr ough 4GLdeetpaalpdat G:r’osmeselzhau)naﬂ Uhemml oxide. 1In order to
ensure that the gate oxide layer is etched through completely an
15 over etch is performed. The etch time of the gate oxide layer
etch process in BHF is selected to remove about 40 to 140 A of
gate oxide, though only about 20 to 70 A are present. This
increased etch rate of nitrogen implanted HDP in BHF results in
formation of large divots 205 along the periphery of STI 190
20 when the gate oxide is etched. Divot 205 extends a linear
distance "D5" below top surface 165 of silicon layer 160 and is
a linear distance "D6" wide. In one example, "D5" and "D6" are
in excess of about 500 A.
FIGs. 4A through 4G are partial cross-sectional views
25 illustrating the method of reducing STI divot formation
according to the present invention. In FIG. 4A, a silicon
substrate 240 has a top surface 245. Formed on top surface 245
of silicon substrate 240 is a BOX layer 250 having a top surface
255. Formed on top surface 255 of BOX layer 250 is a silicon
30 layer 260 having a top surface 265. In one example, silicon
layer 260 is about 300 to 2000 A thick. Formed on top surface
265 of silicon layer 260 is a pad oxide layer 270 having a top
surface 275. Formed on top surface 275 of pad oxide layer 270

is a pad nitride layer 280. In one example, pad oxide layer 270

6



25 .l lustrating the nethod of reducing STl divot formation accordig%r?ﬂggﬂf
present invention. In FIG 4A, a silicon substrate 240 has a top

245, Formed on top surface 245 of silicon substrate 240 is a BOX | ayer 250
havi ng a gpﬁ th ce 255. Formed on top surface 255 of F} £k97250 is a
silicon 30 l'ayer 260 having a top surface 265. In one exanpl e ?ICOH

| ayer 260 is about 300 to 2000 A thick. Formed on top surface 265 of
silicon layer 260 is a pad oxide |layer 270 having a top surface 275.

Formed on top surface 275 of pad oxide layer 270 is a pad nitride |ayer
280. I n aseaexnaphal paddextdeméayly éﬁiﬂitibﬁzomm%paaﬂ39ﬁ8taah@44833

PCTI US02/ 36397_is_a th | _gxide b A P of
silicon ﬁégé?°§7ga¥ﬁ5 §28238§tl§0 % é?%b é/‘?hl i 6%% hi %HF%@Q; 280
i s fornmedapyra2€0Dipr Goemedany & sCUbopit o GEs tarnd&ﬂao aaoouﬂmS@IO t5 LAOBI & 4B,
a trench %8% is formed through pad nitride l|ayer 280, pad oxide |ayer 270
and S|I|con Fayer 260 to expose top surface 255 of BOX | ayer 250. Trench

2855 s fornedIbyFIGoréﬁngaahne@ethBﬁln@ Epmmﬂﬂm#hﬁﬁuﬁhIpﬂﬂmnhﬁwléad nitride
| ayer 2 hi h r
y §9 ePa%Ua %tﬁ gﬂg L ?a?ﬁg Bhh éﬂ&deﬁ?’féonsiaw%pp?&gm Xpose 19 the

phot oresi's yer c I ng e pad oxl ayer
silicon tapesurfaeﬁcﬁ5§85f|§0XanYﬁFd%5°|n Brencl 2P| s fegred Y500 A or

greater. fb?mEh@‘aﬂ@iFEE%QEH1§§5a(ﬁﬁ@tg%ééléﬁﬁld%ﬁjgdﬂ dNnherébeh§952|C

in the present “exa g density pl asna oxi d the oxide is
cheni cal P@Omeﬁaﬁ%aﬁﬁfhbﬁg. RedPpenpl trife t1p rSTIStZ‘”Q‘(?P%tES‘&d nitride,
| ayler 28@hoteeekL&t 4B)yer$ wéeneveﬂlnyaﬁl@maﬂe s d fyaredndn pdaEnacept

Tool nanufa ture s Cbrp se runpi ng m_xt ure of
S'FD and=t601HLaoaPLAREAR. SR80t o OO heRTe Sha Thout:do0 i ITicorr . 20
AlternatewamﬂleleCWQWcsszﬁOSKI029@remt¢mde hi gh tenperature CVD (HTCVD)
oxide, low pregsyrg CYR, (LEGYD) 2¥59¢selobi@Cthor YAl | A eq with
dielectric, in the present example, a high-density plasma (HDP)

15 oxide; the oxide is chemically-mechanically-polished (CMP) to
'form STI 290; and pad nitride layer 280 (see FIG. 4B) is
removed.. HDP oxide may be formed in a Concept Tool manufactured
by Novellus Corp. of San Jose, CA. running a mixture of SiH, and
0, gases at about 3600 to 4000 watts and about 100 millitorr.

20 Alternative dielectrics for STI 290 include high temperature CVD
(HTCVD) oxide, low pressure CVD (LPCVD) oxide, tetraethoxysilane
(TEOS) oxide and other deposited oxides. The removal of pad
nitride layer 280 reduces the thickness of pad oxide layer 270

) from about 60 to 250 A to about 45 to 250 A.

25 In FIG. 4D, pad oxide layer 270 (see FIG. 4C) is removed
usihg DHF to expose top surface 265 of silicon layer 260. DHF
comprises an aqueous solution of 1 part 49% HF by weight to 80
parts of water by weight. The etch rate of the HDP oxide of STI
290 in DHF is about one to two times the etch rate of the

30 thermal oxide of pad oxide layer 270 in DHF. In order to ensure
that all of pad oxide layer 270 is removed an over etch is
performed. The etch time of the pad oxide layer removal process
in DHF is selected to remove about 70 to 400 A of pad oxide,
though only about 45 to 250 A are present.
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(TEOS) oxide and ot her deposited oxides. The renoval of pad nitride |layer-
280 reduces the thickness of pad oxide |ayer 270 from about 60 t & 224RR 2806 o
about 45 to 250 AL 25 In FIG 4D, -pad oxide |layer 270 (see FIG 4C) is :
renmoved i F to expose top surface 265 of silicon ' DHF
conpri seﬁgﬂgaﬁgous solution of 1 part 49% HF by wei ghtﬂc?%i%%%@%arts of
wat er by weight. The etch rate of the HDP oxide of STI 290 in DHF is about
one to two tinmes the etch rate of the 30 thernmal oxide of pad oxide |ayer
270 in DHF. In order to ensure that all of pad oxide layer 270 is renoved

an over etchalserpetivsied.a Teeeiddl toxiRifrdmderapad corl)derbages nepoval

in DHF is_selected. to baytr, 70 1g 400 A .of pad oxi de,
Phough BRI §oSRot? BTS2t A4 4E print2 % 1 STAPRE J008" VB IOH 044533

PCTI USO2£36889 . Al Tke nAirstel ytem ahariR alayoXhedeurenoy ain AMAR) 5p006cessl may

be used ' 1S, a o~ St e
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of SSant ¥HO & & MW gaitsg of mbeugrd &P 85Nmgcat apdf HBuwanee af @b%mw 1to

35 sccmpand &F ¥889E Gttd f0OWcdmt & Prahnite Gf t @ Q0 190CHE 183 ppgssur e of
2 to 100 (g\llltorr and a#gég?erature of _ _apout In the first step
s

15 to 35C
a sel f - 2Pas3i VPR X B UG P i uﬁf"biti‘ﬁoglli’fﬁé BYeBradtRtt - are
f or med. padheigecing stijpe dlawOR drsd arl Gdriuw fod fillhentiedle bY-gesdupti on
anneal . ecf] a e tgﬁg; i ed o y b e
require ;tgof(frjfe!?r%\%é %éd%és)%% t] |CE{1€SC;&€13% %xi 3’3 c‘ﬁg gﬁgﬁe\?%?%m% t he
HBP oxi deserrEipnoamnesl coRRe figrjurrncheasoms & abife agecHepaaEesf ashe
t her mal maxi deimés pas arxireqhoyel 2 GdrbfeORhd MeidRd thierauss bhat al |

of P2, AR Corh ST DS SO SIEL, S BT TR T0° OR L
t 0 renpaboabothe 68an® aH)0cle cftqiadrada def thHeoudlerarlly oxdbdeubfdpatio 250 A
are preggg&e layexr 270 in COR. In order to ensufe that all of pad
15 oxide layer 270 is removed an over etch is performed. The COR
pad oxide layer removal process is performed a sufficient number’
of times to remove about 60 té 400 A of pad oxide, though only
about 45 to 250 A are present.

Some of STI 290 is also removed. After removal of pad

20 oxide layer 270, STI 290 extends a distance "D7" above top
surface 265 of silicon layer 260. In one example, "D7" using a
COR process is about 800 to 1500 A and using a DHF etchant about
700 to 1300 A, Since both COR and DHF are isotropic etchants
for oxides, concavities 295 are formed along the exposed

25 periphery of STI 290.

In FIG. 4E, a sacrificial oxide layer 300 is thermally
grown on top surface 265 of silicon layer 260. By the nature of
thermal oxidation processes, an upper'portion of silicon layer
260 is converted to silicon oxide. In one example, sacrificial

30 oxide layer 300 is 40 to 250 A thick. At this point, various
fabrication processes may be performed. For example, in the
case of complementary-metal-oxide-silicon (CMOS) device

fabrication, Nwell and Pwell ion implants are performed. The



Some of STI 290 is also renoved. After renoval of pad 20 oxide Iawqr.A;ﬁb%
STl 290 extends a distance "Dr7" above top surface 265 of silicon .
-layer.260. In one exanple, "D7" using a COR process is about 800 to 1500 A

and usi ngyg obkliasst chant about 700 to 1300 A. Since bot hcRRoa8dePHF are
| sotropic etchants for oxides, concavities 295 are fornmed along the

exposed 25 periphery of STI 290 In FIG 4E, a sacrificial oxide |ayer 300
is thermally grown on top surface 265 of silicon |ayer 260. By the nature
of thermal oxidation processes, an upper portion of silicon layer 260 is
convert gfhripd s ldfc e cadifdeiallnoatidecxappt e300atkEi tocpabt 36t oxdslesumieate 300
Is 40 t 50 égl ck. ﬁ\t thl% oint, various fabrication processes nay be
per f or AYET ‘case of conpl enentary-netal -oxide-silicon
(CIVDS) devi cern fFat;rl aa't | eacrifebliaandxPiel layean Bopl a@és BI®. peE) argred. The

.81 2 APR 44833 P 0 e AG l. _.gxi de
Iayer 35§| o pro ec?I top§§lur ggg % gég'xr ]ig%%na aye %ﬁl% (iG 4F,
sadyi fi exdldeoxiayer] é;ﬂé)r i30CefrovedreG. oxtE;v eschremeufmeﬁ DHhe lgtady der

to ensungdhddr ahl 54 rllcfl'aql almgé Eé&QP ﬁwvaﬁo&a&gsequﬁmaq over

etch i s perforned. Te etch_ time o e sacriticial’ oxide | ayer r efoval

process Sedepied £o yemepeedbeytr dfote 4bbut b %%cnn@%#f SHGEf i ci al

oxi de, dHwGh ANky adoitt 4@0 tb02BD0AAaaE eppeesent . Alternatively, a COR
sacrificial .oxide 300 The COR pad

process may used t.o re er
oxi de | ayer ?@Tﬁ?\ﬁf"t Eﬁe&é’és? CéngF?SFﬁ%d“%?/skﬁ?flil%?i? ©of times to
reifbve satooitf 60 aflo o&ldleA lafyezai0i0f.i ciTak GQdeaﬂaymdeonayemcm@immiu y '

ot ARG P oA RGE e, B
surf ace aemt &0 $i0| AN A nyeusazaeflmﬁilt%g@ﬁ l@‘ﬁelr n’épﬂnt’éltl@ iegnkinen
about 40 to 250 A are present. ’
Continuing the example of a CMOS device, about a 20 to 70 A
15 thick thermal gate oxide layer 302 is grown on top surface 265
of silicon layer 260. A nitrogen ion implantation is then
performed. '
In FIG. 4G, gate oxide layer 302 is etched using a COR
process. Wherever the nitrogen implant impinges on STI 290, the
20 COR etch rate of the HDP oxide decreases to about one half or
less that of thermal oxide. In other words, the etch rate ratio
between the gate (thermal) oxide and nitrogen implanted HDP
(deposited) oxide is at least 1:1. 1In order to ensure that the
7 gate oxide layer is etched through completely an over etch is
25 performed. The COR gate oxide layer removal process is
performed a sufficient number of times to remove about 40 to 140
A of gate oxide. The decreased etch rate of nitrogen implanted
HDP by COR processing and the self-limiting nature of COR oxide
etching results in elimination of or reduced size divots 305
30 along the periphery of STI 290 when the gate oxide is etched.
Divot 305 extends a distance "D8" below top surface 265 of
silicon layer 260 and is "D9" wide. In one example, "D8" is
about 0 to 20 A and "D9" is about 0 to 250 A.



performed. In FIG 4G gate oxide layer 302 is etched using a COR process.
Wher ever the nitrogen inplant inpinges on STI 290, the 20 COR et ch af st
the HDP oxi de decreases to about one half or less that of thermal oxide. In
ot her wor dgo obhifasst ch rate ratio between the gate (ther ”Péfméb&)s&ély%a”d
nitrogen inplanted HDP (deposited) oxide is at least 1:1. In order to
ensure that the gate oxide layer is etched through conpletely an over etch
is 25 performed. The COR gate oxide | ayer renpoval process is perforned a
sufficient nunber of times to renove about 40 to 140 A of gate oxide. The
decreased et cirabateIokhnivsr epenamophans &dHDPIDPHDY) CERRi @ OTESS| (Igh<fatdl drhe

self-lim I h u in eli natl of or
reduced e&;ggéﬂgéggg3§% ggﬁ ﬁéhq?t ggﬁePﬁghéﬁa g%ﬁsﬁer%% SGhen Ot'ﬁrl%ate

oxi de i s (ettchedpadDrwatie305aexiéhddad dxs@an@ed"gsteb@xn@ﬁtbmwsmsﬁa@e 265
of  siligeRq ay@bR2§Qoaagsl is"Qgethgestfﬂ Onger%#aP! §aq " LBigd s about O to
20 A and "D9" _i.s, about g %2 fER 2006 WO 3/044833
PCT/PUS02F3656% 1 ¢4 e CK1ER0RE dtﬁétﬁnﬁﬁh a¥PPS ¢ HDP) oxi de | ost (based on
experinmental neasurenent) when DHF and BHF are used to strip (etch) pad
oxi de, sacrificial oxide and gate oxigde, l.ayers vs. when a COR process is

used to strip (renove) pad oxide, 5 sacrl |C|al oxi de and gate oxide
| ayers. TABLE-1 10 15 AMOUNT OF HDP (STl ) GXIDE | OSS PROCESSPAD QOXI DE

SACRI FI CI AL OXI DE GATE £¢biier IR H58 R S50 Rl bk Bbi 1.088

10 PROCESS PAD OXIDE SACRIFICIAL OXIDE GATE OXIDE _
STRIP STRIP STRIP L.
DHF 120 A 120 A
BHF 370 A
15
COR 80 A 72 A 37 A

As may be seen from Table I, the use of COR is most
efficacious in terms of not removing HDP (STI) when used for
20 gate oxide strip (providing for ten times less HDP loss), but
also has significant effect on HDP (STI) when used for pad oxide
and sacrificial oxide strip. In both processes (DHF/BHF vs.
COR) the HDP (STI) was subjected to a nitrogen ion implant and
the same thicknesses of pad oxide, sacrificial oxide and gate
25 oxide were stripped. Different amounts of HDP (STI) were lost
because the pad oxide, sacrificial oxide and gate oxide were of
different thicknesses from one another requlrlng different etch
times. _
The description of the embodiments of the present invention
30 is given above for the understanding of the present invention.
It will be understood that the invention is not limited to the
particular embodiments described herein, but is capable of

various modifications, rearrangements and substitutions as will

10



120 A120 A370 A BHF COR80 A72 A' 37 A As may be seen from Table I, the use
of CORis nost efficacious in terns of not renoving HDP (STI) V\hen1213tem2[]06
- for 20 gate oxide strip (providing for ten tines | ess HDP loss), but “also

has si gni gf fect on HDP (STI) when used for pad oxj

sacrifi ci{gpcogm 3e strip. In both processes (DHF/ BHF vs. %O%ﬁ” HDP ( STI)
was subjected to a nitrogen ion inplant and the sane thicknesses of pad
oxi de, sacrificial oxide and gate 25 oxide were stripped. D fferent anounts
of HDP (STlI) were |ost because the pad oxide, sacrificial oxide and gate

oxi de Weycfy ecodief famﬁtentthitfékrtaasesSkimme@nﬁlamé hﬂt rvﬁmﬂdu'mg different
etch ti s. The SCI’I tion of Eﬁnmdl nment s of 6Iores i nvention
n

30 is gi &ﬁ&é’resf’ RgtBY S Helhr ese(?ﬁ Son. 1t will
be undemru:t@@dzhamglhauamu@m mey be nepliacedtedth oingileanysdrionc yifaother

enmbodi i n c V. ations,
rearr a%@rﬁ%%%dggﬁgﬁoﬁut Pgﬁgbggﬁw ?H@Q%ﬁo?ﬁs AP%é%ho%éan\%%§fO44833

PCT? USOHe36307 ancyIsaaswe Wppafe it s t BREA8sERRPT e nliv¥sRtd ™ Widthout

departi e AM1RE rSEREE a@fd Eiha%clrmbedt Eop. SEOrcextangleyy, niHe dgeention

i mpl ant atl may b Iac d ant a herpat o su

ar gon, é’n ab c}sp‘?ﬁ) % \gr gg 8?0%‘1‘38%“?1 m an reer’l‘lrsorlrfaenfi&m SAl so,
while t hquMttham/eqha (ﬁmlﬁwmbeehanm'auswax e@ﬂhrﬁaqi'emdltf@draftarorso

t echnol qgyy éﬂ}ﬁde’}y%@ QR 1 A @ ﬁotﬁepkkﬁ@bgﬁlfpt bithk Sidde x t&@nol ogy.

Therefore It Intended that the follow ng clainms cover all such
rroél‘i)fl cd{qvcﬁﬁlé:l%d changes as fall within the true spirit and scope of the
10 invention. Industrial Applicability

Industrial Applicability

The invention is useful in the fabrication of semiconductor
devices. More specifically, the invention is useful for
limiting divot formation in shallow trench isolation (STI)

15 structures used in semiconductor devices.

11




The invention is useful in the fabrication of sem conductor device$y Mrmﬁ
sphegwa-q—s—ﬁseﬁﬂ—f—ef—” - ; limting divot formation in

shal l ow trench isolation (STI) 15 structures used in n t Vi S.
11 12 -APR 2006 .PCTI US02/ 36391 BUR920010108 What i's cmsi ﬁbffog g?? 9Gf
method for limting di vot formation in shallow trench 2 isolation
structures g in sequence the steps of: 3 providing a trench (285)
formed i A gggﬁpﬁéfﬁ]@regi on (260) 4 with a deposited oxide (290) within
said trench; 5 oxidizing a top layer of said silicon region (260) to form
6 a | ayer of thermal oxide (302) on tap of said silicon region 7 (260); and
8 sel ect |Wh§ilty ist éh@h‘@e@a}%‘ thermal oxide (302) with respect 911 to said
deposited oxide (290), said thermal oxide (302) etching faster than said
deposi ted OXI de met h r hal \Mg‘;,e@,_céhd}ﬁol ation
strudtures 5‘%‘589@ ﬁ%rzlSI lcg-‘rj‘m ngg‘ég |ff$s%£émﬂgl Sio Sthgermatl de (270) on
a sibi comsduate@noat(:ﬂﬁmre$ fampril Bgne %lﬁeﬂ%‘ﬁi%)thtehls('iﬁ@ﬁ Qai d first

| ayen of therfz%l Vlﬁlﬂ%lgetlgy&) (2859 E@tﬂeélin @mﬂa@bﬁnréaﬁﬁ) (2600 | | i ng
said trench

OXI ving said first |ayer
of tHerrra‘t’lt'c}kladgeP?%fe ngf* 12{9% (&%gurf”ace por?l on o%n%srl,rlgl d deposited oxi dey
(290F; forni ngxiddednadal eymrlafert bér raidosi HerBEEgi6R éaﬁg 9 1598
regign (2 O%a & f1%h§§1|n§ftd>:¥fde>' @loehi B pepdef i il ariadsonf regish second

| ayer Yhermal oxi de (302) with respect to said deposited oxide 14
(290Y, sal%l5%)ec@tﬁ‘61 | ayer of thermal oxide (302) etching faster 15 than
sai d gdeposi t edsedéicléve2P03tching said thermal oxide (302) with respect

-9 to said deposited oxide (290), said thermal oxide (302) etching
16 faster than said deposited oxide (290).

!

1 2. A method for forming shallow trench isolation structures

2 comprising:

3 forming a first layer of thermal oxide (270) on a silicon
4 region (260); N

5 forming a trench (285) through said first layer of thermal
6 oxide (270) into said silicon region (260);

7 filling said trench (285) with a deposited oxide (290);

8 removing said first layer of thermal oxide (270) and a top
9 surface portion of said deposited oxide (290);

16 forming a second layer of thermal oxide (302) on said

1

silicon region (260); and

12 selectively etching predefined areas of said second layer
13 of thermal oxide (302) with respect to said deposited oxide

14 (290), said second layer of thermal oxide (302) etching faster
15 than said deposited oxide (290).

1 3. The method of claims 1 or 2, wherein the selectively

2 etching does not form a divot (305) along a periphery of said
3 trench (285) or does form a divot (305) along the periphery of
4 said trench (285) such that a maximum linear dimension (D8, D9)
5 of the divot (305) does not exceed 500 A.

12
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.1 3. The method of claims 1 or 2, wherein the selectively 2 etching HbePR 2006

00t QLG @i @Emmtrrry——peT T PITETY 0f Ssaid 3 tre - ( ) QF ‘
forma divot (305) along the periphery of 4 said tﬁf@‘%é) sugﬁangts{ a
maxi mum.l i near .di mension (D8, D9) 5 of the divot (3 oes not exceed 500
A. 12 nf NDEO Skive 1, 2 APR 2006 . M Tl U-Cv36397' BUR920010108 1 4. The

nmet hod of Uﬁbﬁgm 1odherein the etch rate ratio of 2 thermal oxide (302) to
depositeg oxide (290) is at least 2:1. 1 5. The nethod of clainms 1 or 2,
wherein said deposited oxide 2 (290) is selected fromthe group consisting

of high density 3 plas xhde i RE gfeU aheateatatviap@t deposition
oxi d&, 4 owTéﬁeﬁgE}?%éT%fgﬁ:lééi“ @ag‘gtﬁ ge o_stﬁtei %%c xide angd B . .4

t et r get haohyeiMaanexbde de302) &0 ﬁﬁEO%F%CP’b‘fdecI@i t50f 27 Wherdin the step
of selectively etching said |ayer of thermal oxide (302) with A respect to
sai d deposited oxide (290) is.a chemcal Qqxi ‘A .rse : B83e 1 7.
The #et hdd. of T@Famﬁb?dv%%@i%@a?doﬁhgm@é ‘deg‘ﬂ élﬁe%i\ég%l%& rocess
cagp@i Zesuagfo): lfl%sbemgetéd‘qimﬂcethaf gaouapgin%tmra@é Bighi ﬂaﬂ ‘ﬁixturfe of

NH3 and HF' fol | owed by ESQIL NAR&hicH#l Sigfor HePposThiomedtick. o

cl ai th 1, ?%ﬁ'st“}?eroxil%gr ula?%lg,c éfeoraggtrﬁe steP 2 (;Eﬁbs lactively etching, the
step4of | hoh amessgrearbentsay VePos AREPHAT %’%iocf%ld(%%?) and sai d deposited
oxi dg (2903 Mddhokyéisarei®@aidel ected fromthe group consisting of
nitrogen, argon, e hydrogen, phosphorus, arsenic, boron, helium and
germanium 19. The nethod of claim 2, furtFer incl uedisq__ S he step of

2i npliant | GigsaiThes eethad| af elaims fe Pl 0% %ej(r?,o%. andosal d |

3deposi t edoxi A6 keA0ktvhihg assiEdiagersefethernda} ridee FOBUpWatBnsi sti ngof

nitr Q3gen, rgégggg J}}’%&%eﬁepggﬂ%ﬁ‘%ﬂ%e ahseNi £s a chemical oxide

4 removal process.

7 The method of claim 6, wherein said chemical oxide removal
process comprises at least one sequence of a vapor etch step
using a mixture of NH, and HF ‘followed by a desorption anneal

P S

step.

8. The method of claim 1, further including, before the step
of selectively etching, the step of implanting said layer of
thermal oxide (302) and said deposited oxide (290) with a
species selected from the group consisting of nitrogen, argon,
hydrogen, phosphorus, arsenic, boron, helium and germanium.

9. The method of claim 2, further including the step of
implanting said second layer of thermal oxide (302) and said
deposited oxide (290) with a species selected from the group

consisting of nitrogen, argon, hydrogen, phosphorus, arsenic,

“nm B WD -

boron, helium and germanium.

10. The method of claim 2 wherein said step of removing said
first layer of thermal oxide (270) and a top surface portion of
3 said deposited oxide (290) is performed using a process selected

N
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5boron, helium and germanium 110. The nethod of claim 2 wherein s? Ci\PthﬁBR
" : ’ i~ch 70) and a top surface

QSIS b il ilfmppefin ety - —O X Ee— (2
portion of 3said deposited oxide (290) is perforned i r ocess
selectéd.13 1,2 APR 2006 POT/US 02/ 3 6391 Bumzooﬁa)'gﬂjgf tBeb F2dp

consisting of dilute HF etching, buffered HF 5 etching and chenical oxide

renoval . thod of claim2 further including the steps of: 2
form ng a£P#%?88F§ygf of thermal oxide (300) on said 3 silicon region (260)

after said renoving of said first layer of 4 thermal oxide (270); 5
renoving said third thermal .| ayer o i de 8%0 g an,, Hr A4l ironal top
surfate pdmomofhef IEYR 5 §$¥88 8&ié€?éﬁﬁ) ;%k?ﬁ§ﬂ%?2?% sai d step of
renoving Sichihbi &6dtdieemiadall axédeofemoval oxi de is sel ected fromthe group

consisting of dilute HF etching, buffered HF etching and chem cal oxide
removing. 1 12. The nethod of claim2, wherein the eich rate Qﬁ?io of said
o

2 second |yer Toe meehom|ofheiladm 308yr tRe s8I 1aeS TR h's 3 at

|l east 92: 1. 14 forming a third layer of thermal oxide (300) on said

3 silicon region (260) after said removing of said first layer of
thermal oxide (270);

removing said third thermal layer of oxide (300) and an
additional top surface portion of said deposited oxide (290);

wherein said step of removing said third thermal layer of
oxide is selected from the group consisting of dilute HF

etching, buffered HF etching and chemical oxide removing.

-

12. The method of claim 2, wherein the etch rate ratio of said
second layer of thermal oxide (302) to deposited oxide (290) is
3 at least 2:1.

B e
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