TRENCH | SOLATI ON PROCESS AND METHOD FI ELD OF THE | NVENTI ON The present
invention is related to integrated circuit (1C devices and to processes of
making 5 I C devices. Mre particularly, the present invention relates to a
met hod of formng trench isolation structures on substrates or |ayers
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trench. The liner oxide is typically formed at a very high temperature in a hydrochloric (HCI) acid ambient.

An insulative material, such as, silicon dioxide (Si0,), is blanket deposited over the nitride layer and the liner

oxide within the trench. The insulative material is polished to create a planar surface. The nitride layer is

30  subsequently removed to leave the oxide structures within the trenches.

Shallow trench isolation (STT) structures are utilized in strained silicon (SMOS) processes.
SMOS processes are utilized to increase transistor (MOSFET) performance by increasing the carrier mobility'
of silicon, thereby reducing resistance and power consumption and increasing drive current, frequency
response and operating speed. Strained silicon is typically formed by growing a layer of silicon on a silicon

35  germanium substrate or layer.
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spaced than a pure silicon lattice, with spacing becomng wider with a
hi gher per\%@fuﬁﬂ%s@é ger mani um Because the silicon | gdrhfsSoodbdo W th
the larger silicon germaniumlattice, a tensile strainis created in the
silicon layer. TheTsi ﬁhcmmmanlmmmasoemw&itf&lsmwnﬂemmSabaﬁqis generriyone
an;)t her. b&réc}ﬁh % Sedthdnla @@sdt;@maﬁcecamw&tn u&oﬁt amdsrmaﬁgﬂtpakmg&fx equal
val ence bands e cation. o e.strain t i Qn,causes
four of t3EVE %%r‘f %“Tﬁ@e‘ﬁé@ﬁaﬁgeéﬂ]écf’ S i \L}&) o?mfl?le "Val ence
bands to mieasshqonlame'ﬂgylhcomoasarqaesﬂqmlaﬂmuﬂ@uawtfwmoe&f@equfs, el ectrons
effectively weigh 30 percent |ess when passing through the | ower energy
bands.s Thus, the | @éeted S1Rf B a Bad@eve Ofinki @fat doftsifis six@GiabvaBive Banlis0 Theel ect r on

flow In g g: titOIIIO insnfg st?a?nt%&% §111¢Tb<%\§a%¥¥o%%f tilee\%ﬁanc\é'b%d&% %ngl@ﬁé m%’é?g?gx)ﬁt\ilg &ﬁﬂet he

nucl eus oF e sili1con causes a rate of
500 to 10@ience basgsdo fegrgase inpgperey; s p Epulhobranty pfoesh elegigns gtfpcvely) vieigh ddpepcpnt .

NDbi | ity IbsS whh didHlig thrdgh Yhe IoWer e@dSybands. THEY, BhaioRexbnGyl Hacio sifec BsYpais@de O 1 el axed
silicon, e?ecl?o\ﬁ Iﬂg\!v ?]g Igc?dﬂ.l {1 Qﬁ&%ﬁsﬁuﬁeﬂ vgth leg%rzlbbﬁay en ?&1/ 3191] uclg}g I;)Fthef sﬁféoneatoﬁlgt rons

and 20% or mnore crease In no been found to

persi & fWHcheaypes B tofspadiprgbe fEFﬁ"ftSBO tp 1690 H%‘@fd‘?fb‘lhfﬂs‘? {?BFPFF‘?’@P eps 2L S ot or s
are beli eﬂdbﬂitytlodrﬁﬂﬁhllﬁnaeaﬁkﬂ‘dﬂ sivgined Bitid conipaed Bagdaeddlic@bowdinghointredselint her
reduct i Orlno%imyct%% }e%&elewon %)o;saumaé; R RAUE nqo@matmun%nmot hout a

15 reduction’in performance. e use rmani um in processes, can
cause gerhyEH ﬂﬂ"‘%‘rﬁ%ﬁ?ﬂf&f?ﬁ‘?ﬁaﬁ“ﬁﬁPﬂf'&” facters age pefigyeq) Pégabelag ke gpeedy

equi pnentincrdast o35 Withot &urther grductivuif davicositegm s 85 %lgdt@nonmnomrfcmgmp@w withput a

cont apd Nab&criol AlpkRiRantOMPONENt S associ ated with the fabrication equi pment
and integrated CI rcuit structures associating wth the processed wafer.
Furt her, germani um gut Q ativel nmpact t he for f thin
films. 20 In addi tng gafserf'f'ﬁ'r'f"ﬂlrlhgl(\)@s gmfefs sf%?lauc ﬁm(%%lhmsconmgl?%g% i 2
accumnul atfodf sigicturep falyess. ens‘ equiimenth & parti¢udar. iEgraaniygt ougasing pr oy “t“ﬁ@r"é‘ﬁﬁfmﬁagu si ng
reliabiliafous &sigeiRntf RfocihilbEwifh e fobtiEaon eqiifmentad ﬁi&gthlbkf’ﬁu&liﬁsgﬂ:ﬁ&is ety be

G r o RSt T s Jofialfol g o IR T @?@éﬁ'@ﬂ“ tﬂ“???'ne?tsm

st r uc®ur el addision, sumpeniyy itditfugipn camtapss gamenim a"‘F“i“‘l‘Péﬁme(lPH%“ E8f utilize
t enper at uneSthatby aqpifigndiahitity &bugs OBBTT whitted. 25 enhance germanl um out gassi ng.
Thus, there is a need for an STl liner which can be fornmed in a | ow

t enperature proces %ermaﬁ%t)lhgaﬁsn@tﬂnlbl’, parﬁchl@xﬁﬁr&bﬁnﬁncﬁeﬁgvefﬁﬁgh@mpérﬂﬁ%%ﬁd of

form ng hj ual i oxi des ati bil ar not
suscept i bITKga‘E“ ’ﬁ‘éﬁ’?’ﬁsrﬁss(?ﬂ?t a"g'gdﬁgw ﬁ%ﬁ?ﬁg‘? weh ’Fc}ﬁ{m’?ﬁﬁ) émft'ére l!%ﬁeed for an
SMOS t r enexhmgld, mvenﬁogﬂﬁﬁthnmmd@r@ese%san uliléze tefnperathresrof apptesimately S00°CrbisH for a

| i ner of or fiRdntQBrmakiae Sivdssinfat 1s not as susceptible to germani um 30
outgassing. Further still, there is a need for an STl process that does not

U ZE o ON temPergliihg, Qe DRE SV Mher A5k BB i SR B
Burther still, there is a need for a process of forming high quality oxides with good compatibility and yet are

not susceptible to germanium outgassing. Further still, there is a need for an SMOS trench liner formation
process. Yet further, there is a need for a liner formation process that is not as susceptible to germanium
30  outgassing. Further still, there is a need for an STI process that does not utilize high temperature to thermally

grow liners,

SUMMARY OF THE INVENTION

An exemplary embodiment relates to a method of manufacturing an integrated circuit. The
integrated circuit includes trench isolation regions in a substrate including germanium. The method includes

35  forming a silicon nitride layer above the substrate, and selectively etching the silicon nitride layer to form
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An exenpl ary enbodi nent relates to a nethod of manufacturing an integrated
circuit. The integrated circuit includes trench isolation regions in a
substrate including germanium The method includes 35 formng a silicon
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drawi ngs, wherein ke reference nunerals refer to 1like parts, and

wherein: FIGURE 1 is a cross-sectional view schematic drawi ng of a portion

of a silicon germani um S#Eﬁﬁ5@%8§ﬁﬂﬁﬁﬁGF%QE%m§§W$EQEd silicon |ayer, an
ayer and a photoresist Ta

oxi de layer, a hard mask e yer in accordance with

an exenpl ary enbodi nment of a shall ow trench _isaolatiagn (STl) process; 20
FIGURE 2 is a crosSxcweipiegpedimepts will batome mare Gilly F‘idﬁrﬁc"idlﬂl"ﬂi*l"}_‘é‘%’%‘gg% ¥ GURE 1,

showi 18g  alescliptibl) Gienapdonjonciautviith the Awomish g, drawingl REer<h like refereprepemerdaefeitonal  vi ew
of the pQl pa aldvnbisihr ated in FIGURE 2, showing a selective etching step
for the hard mask layer; FIGURE 4 is a cross-sectional view of the portion
illustrated in FI . .Showi ng. a. .25 sel ective etching. st. r .t he oxide
|y | Bl GURE 5 1 o IR S ol (o 80 s R oF & SRS il il D

FI GURE 4 substwtsipgiuging a steginedsiiconJayeratncopiidpilgyes o &gd fgsk laysn andgphosqresisidayeiip i con | ayer:
FI GURE 6 atdordance tilttas efetghhily @Rsddiméht@na shillotviiench Bolition (ST lplottsd; r at ed i n FI GURE 5,
showing a selective etching step for the germaniumsilicon substrate;

20 FIGURE 2 is a cross-sectional view of the portion illustrated in FIGURE 1, showing a

lithographic patterning step;

FIGURE 3 is a cross-sectional view of the portion illustrated in FIGURE 2, showing a

selective etching step for the hard mask layer;

FIGURE 4 is a cross-sectional view of the portion illustrated in FIGURE 3, showing a
25  selective etching step for the oxide layer;

FIGURE 5 is a cross-sectional view of the portion illustrated in FIGURE 4, showing a

selective etching step for the strained silicon layer;

FIGURE 6 is a cross-sectional view of the portion illustrated in FIGURE 5, showing a

selective etching step for the germanium silicon substrate;

30 FIGURE 7 is a cross-sectional view of the portion illustrated in FIGURE 6, showing a low

temperature liner formation step;




30 FIGURE 7 is a cross-sectional view of the portion illustrated in FI GURE
6, showing a low tenperature liner formation step; 3 WO 2004/ 066368
PCTI US2004/ 000982 FIGURE 8 is a cross-sectional view of the portion
i |1 ustrat agohshsfobédsbdRE 7, showing a gate fornmation steperhlssddiboodss S 2
general block diagram showi ng a shallow trench isol ation process Tzor t he
portion ill ustrat dGGURE EFis@oRes-sgctionl ‘FQ“GBFQEP‘I@“iﬂBIS%‘WEPmI@%cfhP%‘T g ew
schemat i greliigiepg Of a portion of a silicon germanium substrate including
a strained silicon |ayer, an oxide layer, a hard nask | ayer and a
Photor est ot 1 aver hBurAS ANk Rk AL e ERkRENuSIRORL BB Of 8
shal  ow trench isolation process; FIGJRE 11 is a cross-sectional view
of the partdipstaped ipdHGURRH i n FI GURE 10, showing a |ithographic patterning
step; 10 FIGURE 12 is a cross-sectional view of the portion illustrated in
FI GURE 11, show NgFIGURE &0 ise trosseectitngliviewgchemaio dfawing ofla@ortienrafa siiegkeermapium
Elz GURE 1 3utbtihte GnclbifS SsrfGtshioddyerV An@WdOibyet, B RardRdsk faarkila bhbiddsitliyel b N FI GU

, Showi ng

a selective etching ste r the .oxi.de er. FIGURE 14 is a
cross- selEPEHE Ve FeTHEY W&fnﬂc’ﬁgls{"@%‘f F?fqlelff)l(almr’ln (E*lgﬁﬁfﬁssl& showing a 15
sel ective etching step for the strained silicon layer;, FIGURE 15 is a
cross-sectional vi BGUBE 11 jse croesrsectional view| of e postop dlustigiedn EIGRIRELY, shasing i ng a
sel ect i Veuisphic et Or the gernmani umsilicon substrate; FIGURE 16 is a

cross-sectional view of the portion illustrated in FI GURE 15, showi ng a
semi cnauct of  deDOgickiedty RS0 ool EVRFN fordch iRl RIARE L ARing eW Of
t he p@rti on illustrate q%% IE—'lB%jRE()lGV, shovmgong a sI iener formati on step;

FI GURE 18elictivestchipgsieg fos de pirdmagk 1aymew of the portion illustrated in Fl GURE
17, showing a selective liner renoval step; FIGURE 19 is a cross-sectional
vi ew of the porti oRIGUREUS isratoscedipnalfie® gRie ggtion diyeiaten g FEOURBS 2sposyigtf i | |

step; Fl QiR e20nihssted for RSBt | onal view of the portion illustrated in
FIGURE 19, showing a gate formation step; and FIGURE 21 is a general block

.di agram ShOW! ng a Cﬁ@l#gWista%&(}chﬁi} ie@k;cjf RIQ &&oqcﬁﬁl teﬁ erFIé(ﬁ@ 13&95\%&;;@”_
illustrated in FI iI°f “accor dance w th anot her exenpl ary enbodi nent .
30 15  selective etching step for the strained silicon layer;

FIGURE 15 is a cross-sectional view of the portion illustrated in FIGURE 14, showing a

selective etching step for the germanium silicon substrate;

FIGURE 16 is a cross-sectional view of the portion illustrated in FIGURE 15, showing a

semiconductor deposition step;

20 FIGURE 17 is a cross-sectional view of the portion illustrated in FIGURE 16, showing a

liner formation step;

FIGURE 18 is a cross-sectional view of the portion illustrated in FIGURE 17, showing a

selective liner removal step;

FIGURE 19 is a cross-sectional view of the portion illustrated in FIGURE 18, showing a
25  trench fill step;

FIGURE 20 is a cross-sectional view of the portion illustrated in FIGURE 19, showing a

gate formation step; and

FIGURE 21 is a general block diagram showing a shallow trench isolation process for the
portion illustrated in FIGURE 10 in accordance with another exemplary embodiment.

30



4 WD 2004/ 066368 PCT/ US2004/ 000982 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS FI GURES 1 through 9 illustrate a nethod of manufacturing an
integrated circuit (1C in accordance with an exenplary enbodi nent. The
met hod il lwebht@losdsd N FI GURES 1 through 9 reduces ger 'i‘@‘[i‘}uﬁiﬂoﬁ’/bﬂogﬁss' ng and
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ger mani um cont I ni strate Substrate 14 can be provi ded
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e Ssane _nm han

n one
enbodi meftY" ﬁslrj'f)‘g?"r‘do'g ‘é"e'1"§erf“§°n$“°§’%sr‘ﬁ’sgn%‘r’lg‘{ﬂf Berm‘asf'bt: ctmtl{alfueg @er rguﬁgmg silicon
subst r at Subspmasn! 4w beproviilddiabayea bstrt - um substrate 14 has been grown. 20
Portion 12 can be any type of sem conductor device, or portion thereof,
made fsrom any of  Siberawas isdptind eMliphEoi2eie ppyidaess abstras (ds tRdotwm-most
compl emeihal YudWbdhmeedlfid Gl EARMIG EURENES o SR ORRRAu: A4 wRhddod ar process,

or anot her Ssem conductor process. Port an ent |1re %&ﬁor a
portion GFbsig: Jueh as,afh‘ﬁ““’rﬁ@?ﬂ%‘f“ Dpenesf M“PT“P‘G&%C%?C t&ﬂ sps PR O 2 BHEBhent
por t i oNns .mafStid) thas @bseratd 4. ilsonp exstfodimend) sybsatd 13 dxorsergienndmior ybsirge sugieg b kibigon

sem condygt ar. JE R &licoh Behttin \bstrA1 448 BB Pdwy) and can be doped with
P-type dopants or N-type dopants. Substrate 14 can be an epitaxial |ayer

provi ded on a sem ond tor or. an insu base e 13.

Fur t h@r nor e SUbS t % 2 be an ryg? Cé rsea TOH&C{OI‘ ev1ce Qor p?mon%ehefoﬁ q%:ﬂl?%%ﬁ)ﬂ;efr ma.m um
(Sil.. Gabe vaaneqe@coodvcs:r HW%@X#“M epwl}mzntaamml sm%w@cc@@ﬁ@? @M‘W P‘P‘ﬁsstane

r ange of tipothr focdsh, -or aﬁbtbéﬁdhﬁ’d‘oﬁluat& pEcRéds. [XRrtigh (Mifhy 6¢ an@RPOK ok £pbrtioh 0f a0 ME and

enbodi ment ‘% e?ata{?%im%egmecm ‘Q@neﬁ%%’ré&f‘lbs”ate 13 by chem cal vapor

deposi ti i usi ng ane 'H6) and gernane (Cel -4) as source
gases with a substrate terrperature of approxi mate

partial pressure ofUbSEs14PrrErablyysiliens spFmpanium, gy anpthghsp ‘H’)é?? “°L?é?‘?tfrﬁfi’“%‘?dén§sur e of
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using th %?o%idgﬁniage%ﬁcogJuctor or an insulative base, such as substrate 13. Furthermore, substrate 14 is

preferably a composition of silicon germanium (Si;.; Ge,, where X is approximately 0.2 and is more generally

in the range o 0.1-0.4). Substrate 14 can be grown or deposited.

In one embodiment, substrate 14 is grown above substrate 13 by chemical vapor deposition
30 (CVD) using disilane (Si;Hg) and germane (GeH,) as source gases with a substrate temperature of
approximately 650°C, a disilane partial pressure of approximately 30 mPa and a germane partial pressure of
approximately 60 mPa. Growth of silicon germanium material may be initiated using these ratios, or
alternatively, the partial pressure of germanium may be gradually increased beginning from a lower pressure
or zero pressure to form a gradient compdsition. Alternatively, a silicon layer can be doped by ion
35  implantation with germanium or other processes can be utilized to form substrate 14. Preferably, substrate 14
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In FIGURE 4, the etch process is changed to etch through silicon dioxide material and layer

18 is etched so that apertures 34 reach layer 16 in accordance with step 104 of process 100 (FIGURE 9).
Layer 18 can be etched in a dry etching process. Alternatively, other etching techniques can be utilized to
30  remove selected portions of layer 18. Photoresist layer 24 (FIGURE 1) can be removed before or after oxide

layer 18 is etched.

In FIGURE 5, the etch process is changed to etch through silicon material. Strained silicon

layer 16 can be removed in accordance with a dry-etching process so that apertures 34 reach substrate 14.

In FIGURE 6, substrate 14 is etched through apertures 34 to form trenches for shallow
35 trench isolation structures in accordance with a step 106 of process 100 (FIGURE 9). The trenches preferably
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an advantageous ultraviolet |ight ozone (U/O process. In one enbodi nent,
portion 12 i ncl udi Ageording t e preliedimentdiaese38aredermed in Ap aqpraipgegysaliraviget gt
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enbodi nent . 0 ' i ' ds Bk Or M
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The atomic oxygen acts as a strong oxidizing agent. Both atomic oxygen and ozone may
react with the silicon associated with substrate 14 and/or layer 16 to form an oxide layer. Although liners 38
are shown only with substrate 14, liners 38 can also be grown on side walls associated with layer 16.
30  Exemplary UVO processes are discussed in United States Patent No. 6,168,961 issued to Vaccari on January
2, 2001. Any technique utilizing any UVO technique can be utilized according to this embodiment including

adjustments of UVO energies and oxygen environments.

Advantageously, the UVO process is a low temperature process, thereby reducing
germanium outdiffusion. Preferably, the UVO process is performed at a temperature of less than
35  approximately 600°C. Although a low temperature is utilized, high quality and good compatibility liners 38
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Pr ef er abl yprotifisidly 2bo 3@ sovBAakiéal 40 is deposited in a silane (SiH4) process.
Alternatively, a boron phosphate silicon glass (BPSG process can be

utili §5€d. I nsul ati \fx?sul%g ﬁl'él!er% 40%9rejn§ve&)l§y%foﬁ)sﬁlﬂgét¥ﬁnggﬁﬁi\@%B surface of layer 16 is

reached. The removal of insulative material 40 leaves oxide material within the trenches associated with

apertures 34. Insulative material 40 can be removed by a number of stripping or etching processes.

Preferably, insulative material 40 is removed from above layer 16 by chemical-mechanical polishing (CMP).

In one embodiment, insulative material 40 is deposited after the trenches are formed and
30  before layer 22 is stripped. The insulative material is polished or etched until layer 22 is reached. Layers 22

and 18 can be stripped in a subsequent process.

Although material is shown in FIGURE 8 as being a single structure formed within the
trenches (above the top surface and side surfaces of liners 38) to a top surface of layer 16, insulative material

40 may stop at a top surface of liners 38,
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(FI GURE WHolat o&gmretﬁ&%&@dua&qma& H3R0n {18 il iREn 2ilije I€ or dfpotion & 221¢ shal | ow
tion 112 includes an oxide |ayer 118

trench isolation ructure,
provi ded 5%" f’ngﬁmg‘g‘?'a;%d omc‘iomgonem a{mél? 116. Layer 116 i's pI’OVI ded over a

sem conductor substrate 114 or a germani um containin ayer
Substrate 114 is preferably silicon germanium or another semi onduc ‘or material including

germanium, and can be doped with P-type dopants or N-type dopants. Substrate 114 can be an epitaxial layer

provided on a semiconductor or an insulative base, such as substrate 13. Furthermore, substrate 114 is
30  preferably a composition of silicon germanium (Six Gey, where X is approximately 0.2 and is more generally

in the range of 0.1-0.4). Substrate 114 can be part of a wafer and can be similar to substrate 14 (FIGURE 1).

A strained silicon layer 116 is formed above layer 114 by an epitaxial process. Preferably,
layer 118 is grown by CVD at a temperature of 600°C. Layer 118 can be a pure silicon layer and have a
thickness of between approximately 50 and 150 A.

35 Pad oxide film or oxide layer 118 is provided on layer 116. Layer 118 is optional. Layer
118 is preferably thermally grown on top of layer 118 to a thickness of approximately 100-300 A. Layer 118
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or substrate. Substrate 114 can be provi ded above a substrate such as
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CVvD at a tenperature of 600C. Layer 118 can be a pure silicon layer and
have a thickness éfphdtetsisdemar Apjsspmionwp efmasld@yeniddl P&@ably, poBreggdysgti4de il m

or oxide il A @oﬁnn{lar’kﬁll)' aYaildb1OMing gldieéim\} t@fesxsl&:@h as ksnypey C&r} 8MA§SFRFDB5 Qo) . Lay er

118 is pr erab

appr o AR b Aot {lagrgtpreﬁgwr PSSt rep B 55862
serves ago kavpefefiuses 14y socordaned with A stére202 ﬁ@@‘ﬂ%%ly’fgwm?‘)? wring magkepistidl 18hal  hi gh
tenperature process by heating to 1000C in an oxygen atnosphere. Gernmani um
outdi ffusion and oW FIGSEE IPYmak Ryen 012 iSetdhéddid aQifp-etdhing frb@sspoihaitapectures 134 0 t he
presence of r . tdads over

i o | ay et B ey B UEL ol AP LOUST3 f e b5 SRS ey
provi ded sglgctie tp ﬁ‘i‘%‘!(ﬁ@g%‘”‘@f‘eskfé*tt&%’%q‘? ladﬁd%%aﬁ’ﬁ’ci’é F3p bagitpred AfterityE 72 155"

deposition or thermal growth process. Preferably, mask |ayer 122 S
provited in a CVD &rFIGUREM3Nthpetchpesss iapanged mutcipbroughyilitoa dioxide haggpiglan® 2 (FI GURE
1%] tA phq&,ltalrﬁmsé&heh %Eap%sﬁﬁr&ﬂﬂgyepﬂ6mo%ncgﬁﬁ{‘stebﬁoﬁlﬂfpr$&% 200FRfurEabl y,
phot or esi s CQNMITETS Ci a

phot or esi®t 18 \E/ﬁ‘sé?%8§ﬂ1€‘§‘ﬂ§§‘¥88??f9f°°ﬁ%&)b§§ﬁ‘ 5%’5’{}'6” ﬁn%te‘}hmﬂ‘ﬁswgg%geep w) .

I N Fl GURED temovepsiestedpasiphsdf layay b Pligiotesistaysrl2é GUGURR 1)) qapbrstrenyed fefgregr after

phot ol i t hegt RRPIG iREARRESS to | eave apertures 134 in accordance with a step
202 (FIGURE 21) of process 200 using mask or reticle 128. In FIGURE 12,
mask dayer 122 1S $haBERE YA fo Audiotabl EthéEQtoQ{cfPﬁi%ﬁ sConllRh AR RS, 134

reach oxi de | ayer I n accor nce wth a ste of roces ﬁ (FI GURE
21). The levrsyﬂéﬁ% B¢ 1950 VBY 18 agsdanpegvith @ dyyestehing piocesy sapat F&%‘ﬁesr’f Bty Y espect
to oxide layer 124. Layer 124 can be stripped after |ayer 122 |s et ched.
15 In FI GURE 13, t MeFIGURE1Svubttras §14jisetabivitimoustl apenurest! 4o foom brenghies for 3 hellom

gll gx i de rmh&uoﬁdmnammieavat%mme@ wltiFa @p QDS pRQssIDREFICAIRES 1 I MaStrehhds pi@eaabtyl :3 ayer

i n accordapce wt st e OCESS can
be et ched™®%f A PTeBY¢HRE 'I’”(")Aé‘g % he? ?2’9‘&7 }favea olﬁﬁefrbgtg%en Peehni ques
can b#s utlspqanddp00 Aanda w1dth of 0. 18 1.50 nm or below. The trenches can have a trapezoidal cross-secuonal

shape with the narrower portion being at the bottom. The trenches can also have other cross-sectional shapes.

-\j

Substrate 114 is preferably etched in a dry-etching process to form the trenches. Substrate 114 can be etched

in the same step as layer 116.

Although described as being etched in a dry etching process, the trenches can be formed in
30  any process suitable for providing an aperture in substrate 114. In one embodiment, the apertures for the

trenches are provided all the way through substrate 114 to another substrate (e.g., substrate 13 in FIGURE 1).

In FIGURE 16, a conformal layer 126 is formed in the trenches and above layer 122. In one
embodiment, layer 126 is a semiconductor or metal layer that can be formed at a low temperature (e.g., below

600°C). Layer 126 is preferably a layer that can be oxidized to form an insulative material such as an oxide
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to renove sel ected portions of |ayer 118. Photoresist |ayer 124 (FI GURE 10)
can be renoved before or after oxide layer 118 is etched. 20 In Fl GURE 14,
the etch process is changed to etch through silicon naterial. Strained
silicon |\@g¥8hosbedesan be renoved in accordance with a process
so t hat awturés 58?%4 reach-substrate 114. In FlI GURE fg&xgg@s/?dra e 114 is
et ched t higstigfiostpseforatits laver 1284 160-2Q9rrthitls ssmphess sifion lager edpasittdby/CVDenc h

i sol at i on tembératait b1580-600°CAG GRF Q@M@poﬂeﬁﬁa&oﬁ&xﬁ@m&gﬁp 5ds P& 560 (&@Qﬂ{ﬁ Ei)GURE
21). The trenches pr ef erably have a width correspongl ng to apertures 134,

The trenches prefer dept et ween approximately 25 1500 and
4000 A and a width 0 %.Z%P’i“gﬂy E‘i’%‘?‘“ﬁ’& c?\ﬁkfm%ﬁ"ﬁger cheg freiad wilirqirel 34

t r apezoi daisuREFaicids andof leysrrd 16, $18apbl 20 Labrer fl2fds simiprogideion p @p tuicfaes obleyentp2alh t he
bot t ons Tmmﬁemm&szalaebn@h&ao b}ﬁi{sexa@k hﬁnena@ L0582 SRE B;hda Glﬁ!ené PRPBRferabipUbST T At €

114 is pr ch |n rocess formthe frenches.
Subst r at eﬁg?iﬁ?ﬁ;ﬁuﬁﬁ %g(f?s df?'n l%ogn ’% 3y %#é‘bané’él T"ﬁ?/@?cef Py thermilly Seisigh
descri bedOa% 2 sEperice Spfeesn lemamﬁ‘ie}y 650 2t TORY. (Prefreablysthe dxidatioh preerssie@socaant abe

formed i NhigROeBRyatps. @e@ﬁﬁmﬁ but&ﬁlaio&siéaﬁcecpéuewtﬁbb&&e&&oaé?&%tyfa?er i3 substrate
trenches are provided all

114. In o di a ur ar,

t he way tﬁéoﬁﬂ?%‘ae ?yg é %B%r%agf?g’f‘ﬂg’f‘des"ﬁaffé‘?lr%gte (e.g., substrate 13 in
FIGURE 1). In FIGURE_16, a confornal | ayer 126 is formed in the trenches
and abbve |ayer 1220FIGURES laveriBhigplaeriaed oretghedito remeye fingr exids amiesbBEGromor  or

metal | ayee top haface ofiayebi2 f AlferibelRflayer 126¥in bERTREekH Bp fffac of laydEbOWforS00C) .

Layer 126 L e oxid to f n insulative
e or i al Mot SLERP R bt Sl B AL B EE oo B BB | her - wost
pref er abl§7°‘s°°’1a‘§‘£1 Wb agosgreildd 5 100- 200 A thi ck amor phous silicon |ayer

deposited by CVvD at a tenperature of 500-600C. Layer 126 is deposited in
accordance with st dpFSUBERS, liprod@as foRB0 in(the tichdREs aﬁ%&c)atedlymyafertu]:e'éﬁiitl S

pr ef erabl Mefaammlmss e &ﬁ(ﬂ?evgalsﬁl&n%detopﬁh&ﬂ ﬁi&&&lﬁﬁaéﬁﬁ&ﬁr a&%&‘ apertures
%
|

134 of s L8 Al4 18 and 122. is al so
pr ovi ded %ﬁ%& or orsnllfr P er In fme eg eié?ersﬂ aregp;ﬁ) zf Ineng o

conver t edembgdinent, E%I@ mzaewés Fptipp¢dbefons the formatiomoflliberel38.0lu ia dxefemteabddﬂﬁentl 28.

Pr ef er abl yyersl128/48 1226 nbtSibdRELEkr theuch@bsmchnbdt 0 | i ner oxide material 128
in an oxidation process by thermally soaking OZ at a terrperature of

bet t 1 {
occur agp;:@;'gﬁr U HOPRD 1Rl Wkl S e M SRBRITERS ("

the barri® frashy Wdt"ﬂth PREFaF 13fo fpsulatips maqtesipl A iy prefesqily glies diexideayer 126 i s
conver t edepayited id an H@P poxischad igsitndar kcexhatetid 0 (FIGURES) Fb:eleltity, inulatibveiAdrialid@isi S

pl anari z Qﬂpd@ﬁed atGhed (SHEg) P& VﬁlteHam& a%f‘og?n g@%@g’ﬂkc&l IélsgéPé(E)%{'gaes% (ng be fop

surface of. rnatively romto
sur f ace o"’f"h:fegglg?"la%‘f?aﬁgﬁl i‘foés Prefyrgply b etﬁ’)?‘?“&ﬁpr?f‘ﬂ?aé"lly 24900 28009 g“’l’%‘r ned. Lin eP

oxi de material 128 remmins as |iner 138 within the trenches associated
with aperture 134. Insplativp meyrpl 1 is rdnjopediby pdligi@ngtetcbing witihesob sufiace ¢fdayérrizic hes
assocesat eehchid! The adapidl bﬁ’iﬁﬁlaﬁbgﬁyer ledss d2de D1 49 w1ti11h ﬁ@&&c&?ﬁso@tﬁ@d winl de (e.g.

silicon %érﬁ%s B4, ﬁ]ktllalh&%teg!ﬂ (Md 8e r%tveedrbly g Inumber or}Etnppxr}é or etchgz:g grlocr; es.a

Preferably, insulative material 140 is removed from above layer 122 by dry-etching.

In one embodiment, insulative layer 142 associated with insulative material 140 is deposited
after the trenches are formed and layers 122 and 116 are stripped. Insulative layer 142 is polished or etched
30  until layer 122 is reached.

Although material is shown in FIGURE 19 as being a single structure formed within the
trenches (above the top surface and side surfaces of liners 138) to a top surface of layer 116, insulative
material 140 may stop at a top surface of liners 138.

In FIGURE 20, after insulative material 140 is provided in the trenches associated with

35  apertures 134, a gate structure 156 can be provided. Gate structure 156 can be a conventional MOSFET gate
11



sem conductor or netal |ayer. In one enbodinent, liners 138 are

approxi mately 200-500 A thick. In one enbodinent, |ayers 122 and 118 are
stripped before the formation of liners 138. In a preferred enbodi nent,

| ayers 128y@Rehsbdade’ € NOt stripped until after the tregpg EEO(%{) foodal | | ed. In
FIGURE 19, a layer 142 of insulative material 140 is blanket deposited over
| ayer 116trucRg, spids aimetl averoxidraairegicrmobravatioon oV i apfetidire e’ | nsul ative

_mit er [ _a| eifddinteft, @fc%ﬁfu@hb&’m SdvbrbdCwth aﬁlbiﬁﬂél(d@, silieba ﬁﬁﬁﬂdlﬁﬁr 154y andna dilOBh qabide ess and
! s siml gég) 1%?@:”1%& el;omor 11% is s% I ?)I%n Qneal af[eel quﬂ a¥d 4!8 Qr%wo@ihédvga t4§5ah al 140

is deposi inasilane rocess. terna Ive ron phosphate
silicon @reseteemBpgGputgsssingess can be wutilized. Insulative material 140 is
pref erably between approxi mately 2000 and 8000 A thick. Insulative materi al
140 is renoved by pdwchiiquaof wibgiayerg 48imtiii$4 can te ppticlanlyf @leptagriousitigper 11482 is 25

reached i I, legH,jE ANES In@bdtalingl 40 Wi t hi n
t he trencgﬂ@{i‘gso %luorpf 2 g;ggtg%tltﬁlggﬂe@. ngﬁg(% ﬁl/dgﬁna%@)j 140 can be

renoved yPsiEten &Tﬂ‘i@?ﬁr Eﬂ‘b°§‘E“F‘f‘ﬂﬁ'Frri'6 & bet té’ftﬁl“r'i‘gmtﬂ?edz"e‘g Jifppium nig
i nsul at i \herideEWy, tiatiund/d@hiinsnitien@VEN) hyeosfemposinetely 290k MQ@dWerdﬁﬁpaebe@hl ng. In

one enmbodj [ thidié ARG hBdcRidd Wit dare kiRl agdeéﬁbam&@rl al
140 is dgpg@:&mgh% tpgl%b%ﬁ&eﬂ'ﬁég‘nﬂg%keshgs?e formedd an t}&ﬁrq}# nd 116 are

st ri pPed.mdis fitcqrding ko apoirrgmbediment gropssy 200 pra dpelyge ageR.in gtg-cle yer 122 is
reached. 1A sflacgaglsruamte @56 isfornied agitbelipre ldyers 5K @IIRES dtddeppsited eIniyerhan @bﬂ@m@t’ a

Structur gy &Q%eﬂfﬁﬂ) b\ﬁfcetlmuﬂzeﬁ R@eduéern%g Bﬁ& “ﬁlﬁeg%ﬁr&eﬂ@oﬁcﬂﬂmﬁ Wa&u@ﬁsﬁ TR Hdr6desl€
surfaces of Tinéers 138 a to surface of ?%egi‘_"f 116 uI ative material

140 may SPBE 4T legs e ‘T’%’Eé"“g ing priEipay sigpsgsso tﬁﬂhﬁm’fﬂ PEFTET i nsul ati ve
mat er i al Foldvingslemingwanddhechydmget baking stepnt tre Hovaobwpioxmady $)0iCHo 3®°%|9@W?"B?'@s 134,
a gatg Stsﬁﬁﬁ&hkj&ocléé cﬁlao@ u@ﬁetp m&hﬂegy Fatoenise hdikCddh) Envioineniid e a

conventi onal g] VO 2004f066368 PCT/ US 04€ 009;8211&1“”1&l cture,
such as, MRFRQuganig) &y 0%9|°ﬂ‘é’e§%hz@t%?l?rﬁ'ﬂeﬁ?r@a%‘ima&9f TOOVEr oxI'de” gate
structure. In one enbodinent, gate structure 156 is covered wi th an oxide
(e.g., silicon di oiuldeddrmématl@tl% thexdetdiled deivinpsciperificgragiplge and(pajticfar vaiper 148,

Portion 112,] f)r§v1&ld }eﬁﬁgﬂeﬁp@r%bm%f th@i)fe@ﬁt ilvanied, § isksr4hepigosd 481IBifon

provi ded. ay, r event out i ue of
usi ng | ay’ 8#5 §m§ﬁHﬁT§%ﬁ§3ﬁwﬁgemgg ‘%%Fggnmmﬁgbantggegﬁglgg #ﬁﬁ&?&?18 i's
not u20i | i thegiavention iy nvé;mwdémmm@sawlgaﬂ gondifipny élﬁcéﬂs@ Y%’“*i changpsaAy B%‘Badﬂ Prectly
over a geahdmaiisikt16:8ditottidepdriingfedaihd spiiCof the Mvelier, Wieh iedented byreefollovicgyer 148
can be a 5antalun1n|tr|de (TaN), titaniumnitride (TiN), tungsten nitride
(W), titaniunftitaniumnitride (Ti/TiN) layer of approximtely 100 A thick
and | ayer 154 can be a silicon dioxide |ayer approximtely 100 A thick.
The spacers associated with gate structure 156 can be silicon 10 nitride.
Accordi ng to anot her enbodi ment, process 200 can include a step to
pre-clean top surface of layer 118 after gate structure 156 is fornmed and
before layers 154 and 148 are deposited. In such an enbodi nent, a hydrogen
(H2) bake is utilized to reduce native oxide which can prevent solicidation
reactions. The hydrogen
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bake causes | ess damage than argon sputtering pre-clean steps associ ated

wi th conventional processes. Follow ng cleaning and the hydrogen baki ng
step at gas flows of approxi mtely 800C to 900C, conventional 15
silicidation processes can be utilized. Alternatively, a hydrochloric acid
(HCl') environment and | ow tenperature anneal at 700C can be utilized to

el i m nat e%ﬁ% umat the surface of the sem conductor wafer. It is
understood that while the detail ed draw ngs, specific exanples, and
particul ar values given provide a preferred exenplary enbodi ment of the
present i hvent iAomgthiod of forfrimg 4 liverpuameach of a gérimastunatontaining ddyer, thhhe shapes
and sizes of trenches are not disclosed in a limting fashion. The nethod
and appar RROISFOMMISMES i nvention is not limted to the precise details and
conditions dis > ' ?é}gﬁﬁi iyt s discl osed
wi t hout departi@ir?;g%flérgté)‘;ﬁ\{y?E\ic(a:mé%iﬂ?%1 of tuﬁy?%g{%?%’rﬁ%m%%ﬁh??%gfi ned by the
foll owing cl a(lyprovidingladnyes:of irsulativersiaterihl orf the drenénig adlowitemperature t r ench

in a gernmani um,contai ni ng | o t hod conprising: (a) selectively
et chi ng t ROSGENR %Wﬂ?ﬁf86%}aé?a}ﬁﬁ%‘f§§’8m%e ﬁ%ﬁrhﬂrgﬁe trench; (b) providing a
| ayer of insul a)ianfiedlitic@hd Bheri N the trench in a [ ow tenperature process

bel ow approximately 700C to formthe liner; and (c) annealing the liner. 2.
A nmet hod according to claim1l, further conprising: before step (a), formng

a siliconsnitr kdrﬁg@gg%%%)q&gﬁo El%ﬁn?uﬁf‘ﬁlreraéo?%@%gr% selectively etching the

silicon nitride m apertures ass %d with locations of the
trench. 3. A befohostep(a) fontiinget siliconthitidelanfee ghdlcabe Qibseate indsdlédtigelyr ench
isolation regions _.in a substrate including ger mani.ur’rl t he net hod

conpr i si n§ichingthg siljcen nitmdedayerio formppertyies asssigied Witlolosafinns of the trench.
selectively etching the silicon nitride layer to form apertures associ at ed
with |ocations of the trench isolation regions; formng trenches in the
substrat e3at t Bembthodbf oraufattoring ag imegrated derchiahisring trendhdsdlatéonciegions n a | ow
t enmperature pr,ocess hel. tely 700C;, and anneal i ng the oxide

gpr éow appr oxi C
layers in'th thF%tﬁd S8 £F _ dps me .O_dzﬁon?ﬁ’émﬁfet hod of claim3, further
compr i sing proyirifig Sichi Aid layé: BBYEHedkibdubid e Lrenches to form the
trench isolation regions. 5 The nethod of claiml or 3, wherein the |ow
t enper at ure pr seledtivelysasching thexsilipon nitritletayehter formagertures dsaomated mithpher e.
locations of the trench isolation regions;
forming trenches in the substrate at the locations;
forming an oxide layer in the trenches in a low temperature process below
approximately 700°C; and

annealing the oxide layers in the trenches of the substrate.

4. The method of claim 3, further comprising providing an insulative material in the

trenches to form the trench isolation regions.

5. The method of claim 1 or 3, wherein the low temperature process uses an oxygen

atmosphere and a silane atmosphere.

6. The method of claim 1 or 3, wherein the low temperature process is selected

from: an ultraviolet light ozone (UVO) process; an atomic layer deposition (ALD)

process using SiHy; and a high density plasma (HDP) oxide deposition without NH3.
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6. The nmethod of claiml1l or 3, wherein the |ow tenperature process is
selected from an ultraviolet |ight ozone (UVO process; an atom c | ayer
deposition (ALD) process using SiH4; and a high density plasma (HDP) oxide
deposition without NH3. 13 7. A nethod of form ng shallow trench isolation
regions in a sem conductor |ayer, the nmethod conprising: providing a hard
mask | ayer above the sem conductor |ayer; providing a photoresist |ayer

above t he 7har d Amgthol df EsrmiSESREbIWMEINEh iR H8giBRY thiaQBmi@hdhdisr BRQL or esi st
| ayer at locations in a photo- |ithographic process; renoving the hard mask

| ayer at theanethedeomnmsingor ning trenches in the hard mask |ayer under the
| ocati ons; and . I i he Lrenches  usi a deposited oxide
LR A SRRSO i

| ayer in the t Penc ann & nethod of claim 7,

further conpri grovidipg @\phoiofgist ldyalativve dite hay dfaskRgeg a strained silicon
| ayer before the providing a hard nmask |ayer step. 9. The nethod of claim
8, further conpfledivly reaningRprtions qf sbe phaterssistdgyar aplocetinms in aphetoons bef or e

the step @f, ! nches in the hard mask |layer. 10. The nethod of
claim7, Parogﬁigrmcggﬁ%e{s?’si ng: providing an insulative material in the

trenches to foremdvirg tHedlatdmmatk kpetutitlsoloastions; r egi ons; and renovi ng the

hard mask . | ayer i.n a t path conprising acid, 11. The nethod of claim7,
wherein the anﬁ‘gg}q‘%ﬁe‘? es 11y thp hardRask Ay er angerhe locatipns; and

forming a liner in the trenches using a deposited oxide layer in the trenches; and

annealing the liner.

8. The method of claim 7, further comprising providing a pad oxide layer above a

strained silicon layer before the providing a hard mask layer step.

9. The method of claim 8, further comprising removing the pad oxide layer at the

locations before the step of forming trenches in the hard mask layer.
10.  The method of claim 7, further comprising: providing an insulative material in
the trenches to form the shallow trench isolation regions; and removing the hard mask

layer in a wet bath comprising acid.

11.  The method of claim 7, wherein the annealing is a rapid thermal anneal.
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