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Shal | ow trench isolation (STI) structures are utilized in strained silicon

SMOS
E |VOSF)ET§) r ggrzin rocgésOE)r fc?nm% 1nsu§£m %’{.l(hlgy Ca'aé defifs gg gogrbé #ﬁ%ﬁﬁ%gglc;ng 1@9?1%2%9 r

t her eb yren@dasr@nwgsmsm@m mcenvamwé Theprocess FYQ’G% Eflcb‘ﬁes éh‘?é(’l%wwﬂ gmelified sigisi ve
Cur r entgirsf £ SAYLNEMe RS RORSMIIE grown or deposited onto the silicon substrate. Next, using a

25  lithography and etch process, the silicon nitride layer is selectively removed to produce a pattern where

transistor source/drain areas are to be located. After patterning the source/drain areas, the substrate is etched

to form trenches. After the trenches are formed, a liner is thermally grown on the exposed surfaces of the

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 (SiO5), is blanket deposited over the nitride layer and the liner
30  oxide within the trench. The insulative material is polished to create a planar surface. The nitride layer is

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 (MIOSFET) performance by increasing the carrier mobility of

silicon, thereby reducing resistance and power consumption and increasing drive current, frequency response
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Thus, there is a need for an STI liner which can be formed in a low temperature process. Further still,
there is a need for a process of forming high quality oxides with good compatibility and yet are not susceptible
30  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 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

8  circuit includes trench isolation regions in a substrate including germanium. The method includes forming a
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An exenpl ary enbodi nent relates to a nethod of manufacturing an integrated
circuit. The integrated 35 circuit includes trench isolation regions in a
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with the acconpanyi ng drawi ngs, wherein |ike reference nunerals refer to

| i ke parts, and wherein: FIGURE 1 is a cross-sectional view schematic
draw ng of a portion of a BRIERRESCRIPHON QR THEPRAVEINGS 20 i ncl uding a
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i |1 ust riaeaH cPHineyRE e e ac°§ﬁ%wl S HEE ?ﬁe ‘e“%é‘t"i’eé?‘%‘ie oSt F°GURE 3
is a crwssginsecti onal view of the portion illustrated in Fl GURE 2, show ng a

selective 25 etching step for the hard mask layer; FIGURE 4 is a

cross-sect i ofalri i G cgiss—gea%na@oié\x/ kc‘ﬁé]ndtll: hl’dv%rné @fta%qmbﬁ]oflzls%%er&am&ﬂ%tﬁ@ a
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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
25  etching step for the hard mask layer;

FIGURE 4 is a cross-sectional view of the portion illustrated in FIGURE 3, showing a 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;

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

etching step for the germanium silicon substrate;

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

temperature liner formation step;



etching step for the germaniumsilicon substrate; FIGURE 7 is a
cross-sectional view of the portion illustrated in FIGURE 6, showi ng a | ow
t enper atwipodsiogeoo f ormati on step; 4 s 1 3 WO 2004/ 0842p81/BS00imzda4/ 007464
FIGURE 8 is a cross-sectional view of the portion illustrated in FlI GURE 7,
showi ng a gdteUR5s ifatrowrectiprapvievrpfchgmprtion iflestraiedio HEFURE Thihowins tigatsderapiioshowi ng
a shal lsgy trench isolation process for the portion illustrated in FIGURE 1
5 FIGURE 10 is a cross-sectional view schematic drawing of a portion of a

silicon ger j . substrate includin trained silicon_|layer,. an oxide
Cayer, a har i ek g ik oaeti S upRa o Sodvisoaion g u Ik Bt ¢
anot herillusikasetit BEYRBAbodi ment of a shallow trench isolation (STlI) process;

FIGURE 11 is a cross-sectional view of the portion illustrated in FI GURE
10, sshowi ng rGUIRE Q8 RRLEL tionRBidwRER MM dSkw@iiof A fbrfich G BicdPele®nfm
ortion illustrated in Fl GUREg 11, showing a

cross-sectional .view of the , )

Sel oot 1R 3 SEing P e e & Rt B layeran ey Pporpgfer o

Cr 0SS- Se®tdarn &lth anbibey exdmplakyeenppoditnéd of aishdllons trérah Balation (FBINPuiekss; 12, showi ng a
selective etching step for the oxide layer; FIGURE 14 is a cross-sectional

. fth . . , . s . . F .
view of the fp@idd Qs Ac!nl)sy- ; ﬁ&h%vﬂo@thgh%glg%?m%ﬁ%é&sﬁo%n%gthhxgﬁaph&ﬁ

etching step for the strained silico i's a cross-sectional
vi ew ofP{SH@ESEPt i on illustrated in FI GURE 14, showi ng a selective etching
step for the germaniumsilicon substrate; FIGURE 16 is a cross-sectional

vi ew of t he FYGURE 1ris 4 drdssrsdctiabletbwi af thE-pddidrmlukiate dSHFIGURE 18 shoswigiacesedeect or

deposi t | ; .17 is a cross-sectional view of the portion
e'tcﬂi'ﬂg §é‘p%@9 &e%&@a%g@gr,

illustrated I'n ,, showing a liner formation step; FIGURE 18 is a
cross-sectional view of the portion illustrated in FIGURE 17, showi ng a
sel ective |FHHEE Pdniress-sestionpl view affhrportiay ilugtrageddy JGYRE d b shastingle sg§<8Ve of t he
por t i oretching sptfsrateidé Bydr;] GURE 18, showing a trench fill 25 step; FI GURE 20
is a cross-sectional view of the portion illustrated in FIGURE 19, show ng

a gate for 'ﬁéﬂﬂ@fﬂléﬁg f&éss—?&@gonal view of the portion illustrated in FIGURE 13, showing a selective

15  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 trench fill
25  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



FIGURE 21 is a general block diagram show ng a shallow trench isol ation
process for the portion illustrated in FIGURE 10 in accordance wth
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DETAI LED DESCRI PTI ON OF REFERRED EXEMPLARY EMBODI MENTS FI GURES 1 t hrough 9
illustrate a nethod of nan®EIAILED PESCRIPTHINQF REEERREPCcuUit (1C) in
accordance wi th an exenpl arBXEMRIARAEMBODIMENERt hod il lustrated in Fl GURES
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for a%WaslsP‘?SW”E@@WGW‘HG@BIF%#leéﬁﬁh%smf‘)xm%eﬂﬂﬁ)@‘lcure Portion 12 includes an
oxi de layer 18 provided over a strained silicon |layer 16. Layer 16 is

pr ovi ge d ov Q{efs?fn%QfWGURE%ﬁMﬁghg}J P&rbds 3dcBonkthidd of @-p(g%nrm B dﬁrflg%tgd?éd%ir&it ng |ayer
or su C ove SUpslr .
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as the Sbmﬂtr@ rﬁor'ms 12 ihdydeyan om?l'ﬂeyeelﬁmdmdmmﬂ dﬁgloerdlsﬂle@ layiet 16. L&kerﬁemce to

FI GUREGrdilied dveSd MR orducidd BibbifaRl18 o;é]-g%rﬁﬂn Qi Rn SIS br s@Js@ate Ssldg'sprate #Poanbe
substrat e@%‘iﬂ?&’Fl GURE li beneath it. Substrate 13 can be the sanme nateri al
or 8 difY" Vifgtstaed® t han  substrate 14. In one enbodi ment, substrate 13
is a sem conductor substrate such as a silicon substrate upon 20 which
silicon ger rfabitetemiisbgionah g plrfiohBsabi@erovigledwith sufspait 140 th Botparmdselagny t ype
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sem conduct or processes, such as a conpl ementary netal oxi de sem conduct or
(CMOS) 35rotRsEais!S (BIGHBE 4} benggthite Substratey13 cam brche samsipaiesitkns @ diferepmgieaddhan por ¢ j on
12 may sbistranide i éne embodin@ht, @bshaxe i3 1 8 sedficoaductbiSubsaielsubibys a silitdl sutdataupol| t 1 t ude
of gl eq,ghgcqlgmgon%g BE}EEL%su%{% b QNS ofpanoubstrate 14 is preferably silicon
ger mani um or sem con uct or er| al including germanium and can be
doped with P-type dopants or N-type dopants. Substrate 14 can be an
epitaxial | é’)?glroni!ﬁ@g Ry tyBsef gemiconductor device, or portion thereof, made from any of the various

semiconductor processes, such as a complementary metal oxide semiconductor (CMOS) process, bipolar

process, or other semiconductor process. Portion 12 may be an entire IC or a portion of an IC, and may

include a multitude of electronic component portions.

25 Substrate 14 is preferably silicon germanium or other semiconductor material including germanjum,
and can be doped with P-type dopants or N-type dopants. Substrate 14 can be an epitaxial layer provided on a
semiconductor or an insulative base, such as substrate 13. Furthermore, substrate 14 is preferably a
composition of silicon germanium (Si;.x Gex, where X is approximately 0.2 and is more generally in the range

0f 0.1-0.4). Layer 14 can be grown or deposited.

30 In one embodiment, layer 14 is grown above layer 13 by chemical vapor deposition (CVD) using
disilane (SiyHg) and germane (GeH,) as source gases with a substrate temperature of approximately 650°C, a
disilane partial pressure of 30 mPa and a germane partial pressure of 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 composition.

35 Alternatively, a silicon layer can be doped by ion implantation with germanium or other processes can be
utilized to form layer 14. Preferably, layer 14 is grown by epitaxy to a thickness of less than approximately
5000 A (and preferably between approximately 1500 A and 4000 A).
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dry-etchi ng process so that aP ayer I n accordance
Wwith selected portions of layer 18. Photoresist layer 24 (FIGURE 1) can be removed before or after oxide layer 18

is etched.

30 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 trench
isolation structures in accordance with a step 106 of process 100 (FIGURE 9). The trenches preferably have a
width corresponding to that of apertures 34. The trenches preferably have a depth of between approximately
3 1500 and 4000 A and a width of 0.18-1.50 nm or less. The trenches can have a trapezoidal cross-sectional

shape with the narrower portion being at the bottom. The embodiment discussed with reference to FIGURES
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with layer 14, hners 38 can also be grown on side walls associated with layer 16. Exemplary UVO processes
25 are discussed in United States Patent No. 6,168,961 issued to Vaccari on J anuary 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 approximately 600°C.
80 Although a low temperature is utilized, high quality and good compatibility liners 38 can be produced. In a

most preferred embodiment, the UVO temperature process is performed at a temperature well below 600°C
(e.g., below 550°C). '

According to another embodiment, a dual frequency RF power PECVD process is utilized to form
liners 38 at a temperature of between approximately 500 and 550°C. Preferably, the chemical vapor
3  deposition process is performed at a low temperature (e.g., less than 700°C) and utilizes SiHy and O, gases.

After the formation of a 200-500 A thick layer for liners 38, a quick rapid thermal anneal (RTA) using an N,
7
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25  stripped in a subsequent process.

of f

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.

After insulative material 40 is provided in the trenches associated with apertures 34, a gate structure
30 44 can be provided. Gate structure 44 can be a conventional MOSFET gate structure, such as, a metal over
oxide gate structure or polysilicon over oxide gate structure. In one embodiment, gate structure 44 is
comprised of a tantalum nitride or titanium nitride gate conductor formed by a plasma vapor deposition
sputtering technique. During sputtering, nitrogen (N;) gas can be provided to modify the metal and nitrogen
composition of the gate conductor. This modification can be used to adjust a work function associated with
35  the gate structure 44. For example, a 200 millivolt shift in threshold voltage can be achieved by adjusting the

flow of nitrogen gas associated with gate structure 44.
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have a thickness of between approx1mately 50 and 150

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 substrate 118 to a thickness of approximately 100-300 A. Layer 118
serves as a buffer layer and can be thermally grown in a conventional high temperature process by heating to
30 1000°C in an oxygen atmosphere. GQermanium outdiffusion and outgassing are not a problem at this point due

to the presence of layer 118.

A barrier or hard mask layer 122 is provided over oxide layer 118. Preferably, mask layer 122 is
silicon nitride (Si;Nj) provided at a thickness of between approximately 300 and 1000 A by a deposition or
thermal growth process. Preferably, mask layer 122 is provided in a CVD or growth process and can be

35 similar to layer 22 (FIGURE 1).
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ms conduct QL F@’dﬁﬁtlrz. Ak 1\5}%3123 s eg:h&%ar% %S tnﬁ gf&e@:! s'a ﬁgagleraﬁleg H3fback U}Q&%t rate.

Substrate 114 can be p ove te suc S substrate

( FI GURE2y$ 118 ipgeqogance Uﬁh gsiep 104401 proeesufl) (RIGHRE 8- Therdricsshingeropiss gelede. o or

por t i orjlitdheiRal withietet tb 5D 20f Laié1@24 dRbd RipFed 304 aIDRR bRKedPr OCeSSses such
as a conplenmentary netal oxide sem conductor (CC]VB) process, bipol ar

process. O iRERRREISHRINALAL JRLAEEI M oFRLION, ddhe MBS AN P 1 C Of

a portion of an tude T ORI € ¢Oo ent port| ons.
Subst r gtchedsq thatjagerfyreptdragh lyyefallé iin} deeadanag evithrgtep 2191'7?%*0069? RO

rrNaP@r i ahsg éan @Jt; &Qk&slﬁga{} e&ﬁﬁi‘i%ilizéd MalaRdvea &h&etcﬂﬂgqasﬂmqueﬁ binfBe mﬂ@@ td@&am s or
e nts S
Sen Dortteaaptip cme (B Pabra RS ciuRP I S iemp B By 0 KRR,

substr d@@isgtiedi s preferably a corrp05| tion of silicon germani um (Si 1 x Gex,
where X is approximately 0.2 and is nore generally in the range of

0.1-0.4). Supsicuribas, Jeﬂeﬂetcﬁ cebﬁs Bdfded Qfetcamgrpsmcmt&ﬁﬂ SQQne’il'sﬁ'ibdn@i ef O
substratﬁ 14 (FI QURE 1 %%éned silicon |la above | ayer

114 by 13 c2a B ’E‘“’&’RYegd“ af)“r"ff‘&‘é’g §”th Fté'?‘%ﬁﬁr?fess F‘h% ei“f%* l%gf?a‘ﬁ‘ss“lﬁ by CVWD at a
tenperature of approximtely 600C or |ess. Layer 118 can be a pure silicon
| ayler and HaVISUREtIhiscemetst4 ofetchalttweeh a@pwesd 4 wiers|opndbés foraghallge sencPad oxi de

filmor soﬁﬁ!}rps%uétlﬂy ﬁ ccgnqiﬁwé §1tlp1 59315 '2@@(9 pfoBesd 0¥ @’IGT}I%@Z L’@ﬁé%nelags%rdfé“‘rabgﬂ{a%@n al .
Layer 118 preferably thernm gr own

substrate,
t hi ckneddh W%Pﬁ?ﬂ“@)&? PertiEss 34 J6e t%@ewrefﬁré'i}%l?a"ﬁai‘gpth styetieen a&’ﬁ”é‘"‘ﬁ%i’?’f]%@ | ayer
and cannd00 Rendabibiy off. BvirE0inf odbelen VAR trénciv@dan hivg h trperplel @tsssetiqpriolpss by

heat i ng,f,GheFQrdhidd é%%oh an%&t {Bé%%ﬁ e’l&%ﬁoﬂé}‘%ﬁ aésoﬁﬁfe H&EPcHJ’s@ Qbtiodh baps! 0” and

out gassing are no em at pol nt presence of |ayer
1180 A Syhbstptp dH4 lwrefﬁatrbdetmlk a Flw@hmamceﬁ%o orp e H@éﬁe&vsélPstfas‘ala‘bcaP byRed 18,
Pr ef er apihy sanidBEKashamane. 122 is silicon nitride (Si3N4) provided at a

t hi ckness of between approxi mately 300 and 1000 A by a deposition or

thermal gr 0"}-{1&0 Egé:sgrﬁ)%d % Iggig%e%Jhgcp L% [y%ﬁkglr ﬂr@c&%r ?(i:hiesscap B%gnﬁl}@% a'n? aV\%)VD or

growt h process ayer .
2004/ 0rezes sytahiy fogrodireeo mesure indeyphdd-o e %{boc}lwé fhe E?At“ﬁe%ff’é‘ﬁaﬁﬁeﬂﬁfﬁs tp of
mask | gysided dlhe Wy@fraaialey 1140b 0l MEQSHsEte (e 8y Qbstrdid 43 inFIGUBE 1).

25 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
liner. Most preferably, layer 126 is a 100-200A thick amorphous silicon layer deposited by CVD at a
temperature of 500-600°C., Layer 126 is deposited in accordance with step 208 of process 200 (FIGURE 21).

30 In another embodiment, layer 126 is a metal or semiconductor material deposited by atomic layer
deposition (ALD) at low temperature. Layer 126 can be a silicon layer. The silicon layer can be non-

amorphous.

Layer 126 is preferably provided in sidewalls of the trenches associated with apertures 124 of layer
114 and of layers 116, 118 and 122. Layer 126 is also provided on a top surface of layer 122. In FIGURE 17,
35  layer 126 is converted to an insulative material such as a liner oxide material 128. Preferably, layer 126

(FIGURE 16) is formed into liner oxide material 128 in an oxidation process at a temperature of
10



commercially available i-line or deep UV photoresist such as (Shipley
Corp., MA) SPR 955 (i-line) W5 (deep W). In FIGJRE 11, photoresist |ayer
124 is sgbosbdassley rermoved via a photolithographic progegfshddsndBas e
apertures 134 in accordance with a step 202 (FlI GURE- 21? of process 200

usi .ng papamaely 9®°C. Préferatfhy, BeREdalidn proreslcan aague at ahiRer itegnperbigia e @ermprguna

dry- et Chtdehsibl 9 FR%3d 3R tJ xﬂ@&an SE&M&@&&J& KB 0 %en&rélbé%r 12648 1N

accordance wi.th a step 104 of process I{F GURE The  dry-etching

pr ocess°°i‘“§“"sde‘|‘t%3‘l‘¢%d"'t"@tenéllmf con nitri de W th respect to oxide layer 124.
Layer 124 can be stripped after layer 122 is etched. In FIGURE 13, the etch
process i s Clhh&QRE IISOIammlst;imrmugibrsﬁclheidmm@bnxdrd;&dermteﬁalilanrcamﬂzleioﬁyer 118

is e n step
204 ot “be daukhRy ARk %ﬁ%f‘f“% ylfip Sl ARRRLAREE i LS P,
pr oces shatsapk 128 i dermede |Ljner oyidg material é refppins aekingt 198 avifhie the trpnsheg pssgcjaed itk o r enrove
sel ect egep@yyons of |ayer 118. Photoresist |layer 124 (FI GURE 10) can be
renoved before or after oxide |ayer 118 is etched. In FIGURE 14, the etch

process is t h Si | con nmat er | ) n | ayer
6 can be TARRORG lnsh LR Artneh B Aot S arosot Bl P A 5
apert uri@§ag Sﬂdq(e&chhcsm@@tteroaiﬂe“-oadmudelﬁawrml fem@URECxIdizingustraitondtcr drinketdl s et ched

t hr gughapars swee@odiéeﬂt, tlersﬁ@s 428 agpesaﬁiaerg zb(s:sooa& digelh eazefoe;élr,&ﬂﬁéat, 14 é@iz@faﬁd_?_ E
rocess e

structu i n_.accordanc

trenc he’égfﬁe étF@FgBE] fQre W&g’é‘n"é{m %%Bet“hlsg o@ﬁ@?&&ﬁ@?@@ ‘E“B“t’a\ﬁ'é‘isﬁ aggjl?ﬁ? Hotrhe
t r enc hesippsdehdaédylthe thacke ag fidleppt h of bet ween approxi mately 1500 and 4000 A
and a width of 0.18-1.50 nmor below The trenches can have a trapezoi dal

Cross-secti Ofﬂi*iGtﬁii‘zal@ea laybh i4a o?Hs%la{?@rnﬁa%‘ﬁﬁrufpgBl%ﬁl&ﬂieﬁb‘?i’te@gveﬂay& hes R@LIgm The
trenches can al so have ot her cross-sectional apes bstrate 114 is

prefer afi?P‘ﬁ?eSétsi?Hétﬁd Vil agerpyrey 136 dnsylatiye prierabldd I%Rﬁef?fﬁlWﬂLFPfed‘?xfdéﬁﬁﬂ?gg’d N&fbst r at e
11415c arHibepredes hadbimilantotn@risl 40 FIGURIDS) a Brefeay@ inshihfive mhletidl 04 degastiedin bed as

bei ng r I d in any
o op s IBLRa) Rofel M BLER, 131 ARGAR: 1R obd AIRTROEMWPR LBRES L0 21
t he apdpilaiednaegpl s P‘tef%ﬂh’é ﬁeyeeaﬁ@roxma@m 7(9%5“165@00 Bckay through |ayer 114
to anot her substrate (e.g., substrate 13 in FIGURE 1). 25 In FIGURE 16, a
conformal | dyslatid2fatdial HO ERdvddiby pdniemﬁgmmgex&u amﬂ s@ﬂa&\wa!y@ymls d2Bed. | N One
enbodi ngp c f or med
at a | Onﬁlv E‘eglolraglgig{?sul]ag\%(lagér I&Vgs%mfie xggeng]g]g wi Rthngénc ei%S (I}élsaEedwlsg 1%% lgtg | ayer

t ha®® c a{WUI@eved%fPr#Q ez} be PP B apRTIbRRA Ftemnmzer ﬁﬂlene Poggsses: Lﬁrﬁera@y, aﬁulew de

| i ner. Masiti 106 8 t@Moad Hom dbed Blyer 125yl By-achk@0- 200A t hi ck anor phous silicon
| ayer deposited by CVD at a tenperature of 500-600C. Layer 126 is

deposited i r}a g‘r(n:e%o gaa rPen? msulzili(%a?/er [1?4zzasso%18?d VP { ma%ngl 12(9 1 degcogsngaJ%Ert t?'el t)ren?h%Q In

anot her enb en con
deposi tafoimpd endéaa‘pre ll@yelm arpesiyioreidt Iﬂéﬂlﬁﬂ("?ﬂlﬁ)@) 14ét15 Hobished o wisked intih fager 1220y er 126
can be racgddl i con layer. The silicon | ayer can be non- anorphous. Layer 126
i s preferably provided in sidewalls of the trenches associ at ed wth

tures 12 s 11 nd 1 126 is
al s% provi dé th?)“r%hmae%a“”%o a@ﬁ%gﬁf; Ila'§‘/s){’?”]‘n“’ﬂséngﬁ’lSﬁuclgfr %é ébg §£er 126 is
conver t(ehdve the tapsuifags @hcmldewe“famapelmma 1383 toehopmertage dfilayer 116 isclativermeteridl MO 128.
Pr ef er gl ¥op hta¥@ sudBof tindrd F§RE 16) is formed into liner oxide material 128
in an oxidation process at a tenperature of

In FIGURE 20, after material 140 is provided in the trenches associated with apertures 134, a gate
structure 156 can be provided. Gate structure 156 can be a conventional MOSFET gate structure, such as, a
30  metal over oxide gate structure or polysilicon over oxide gate structure. In one embodiment, gate structure
156 is covered with an oxide (e.g., silicon dioxide layer 154) and a silicon carbide (SiC) layer 148. Portion
112 is subjected to an anneal after layers 154 and 148 are provided. Layer 148 can prevent germanium

outgassing.

The technique of using layers 148 and 154 can be particularly advantageous if layer 118 is not
36  utilized with portion 112 and gate structure 156 is provided directly over a germanium containing substrate.

In another embodiment, layer 148 can be a tantalum nitride (TalN), titanium nitride (TiN), tungsten nitride
11



10 WD 2004/ 084299 PCT/ US2004/ 007464 approxi mately 900C. Preferably, the
oxi dati on process can occur at a higher tenperature. Gernmani um

out di f f 4gbQh4leBeoeduced due to the barrier associated péf/Bsiondsfach26.
Preferably, the entire layer 126 is converted into |liner oxide material
128. | (TuN)@uREiBnivmantede (TIZRN) layepdf apraoximatly 100 Adtictaedlayen1HMeathea silicmer oxi de
mat er i loxih@Byd: Ep?f@xﬁﬂa@lytl@@A ﬁuciwrﬁeasga%e@sssdcﬂeé&m%&% strtiotohf56 BhalbY §lidhn k¥ ST 126
can be renoved fromtop surface of |ayer ore liner oxide material
128 is fornmed. Liner oxide material 128 remains_as |liner 138 within the
trenches as §H%i‘“§?r§‘é?d\f\?af ﬁmleg’ﬁé?tf‘{ﬁ? draviings, sppoificrexampiess andgperticplpryplues 580 5 o f or ned
i Nt he ptavida e prefrrdssapiant cablodvhdnhofalp@rdsdat @eentladdit is R e gurpdat of illustratied snly. 138 ar e
oxi de te oxi di zi ng
OX1 g€ (rfi Ghanes Slolin PR AT B d1§ch<!séd0§9hrglhgg@asg§)é (TR LRRbAa bRRARLoNe OX

appr oxiinyaitier i mgutst}@thmeme@ktaﬂﬂam eonditicapriiestpisade Narjous %wmayz’zmamo thg 18 are
st ri ppegtailkefsased hiBuddofaimk ke the bpifitoN@E Svohish, whith iddeRhbe e @floiPasingrent

| ayers 128 and 122 are not stripped until after the trenches are filled.

In FIGURE 19, a layer 142 of insulative material 140 is bl anket deposited
over layer 116 and wthin trenches associated wth apertures 134.

I nsul ative material 140 is preferably silicon dioxide deposited in an 15
HDP process and simlar to material 40 (FIGURE 8). Preferably, insulative
material 140 is deposited in a silane (SiH4) process. Alternatively, a
boron phosphate silicon glass (BPSG process can be utilized. Insulative
material 140 is preferably between approxi mately 2000 and 8000 A thick.

I nsul ative material 140 is renoved by polishing/etching until a top surface
of layer 122 is reached. The renoval of insulative |ayer |eaves oxide
material 140 within the trenches associated with apertures 134. 20

I nsul ative | ayer 140 can be renoved by a nunber of stripping or etching
processes. Preferably, insulative material 140 is renoved from above | ayer
122 by dry-etching. In one enbodi nent, insulative |ayer 142 associated with
material 140 is, deposited after the trenches are forned and |ayers 122
and 116 are stripped. Insulative |layer 142 is polished or etched until

| ayer 122 is reached. 25 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 FIGJRE 20, after
material 140 is provided in the trenches associated with apertures 134, a
gate structure 156 can be provided. Gate structure 156 can be a
conventional MOSFET gate structure, such as, a 30 netal over oxide gate
structure or polysilicon over oxide gate structure. In one enbodi nent, gate
structure 156 is covered with an oxide (e.g., silicon dioxide |ayer 154)
and a silicon carbide (SiC) layer 148. Portion 112 is subjected to an
anneal after layers 154 and 148 are provided. Layer 148 can prevent

ger mani um out gassi ng.
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The techni que of using |layers 148 and 154 can be particul arly advant ageous
if layer 118 is not 35 utilized with portion 112 and gate structure 156 is
provi de [ over a germani um cont ai ni ng substrat er

enbodi rrecbﬁt6 26@?%%69 148 can be a tantalumnitride (TaN) ,ﬁ(t:rf/tUginthﬂﬁrW%ﬁ ride
(TiN), tungsten nitride 4 4 11 WO 2004/ 084299 PCT/ US2004/ 007464 (TuN),
titaniumtitaniumnitride (Ti/TiN) | aggAldS approxi mately 100 A thick and

| ayer 154 can be a silicon dioxide |ayer approximtely 100 A thick. The
spacers assoghairgscyhivesfd.€ structure 156 can be silicon nitride. It is
understood that while the detail ed draw ngs, specific exanples, and
particul ar val ues given_ provide a preferred_exenplary, enbodi nent of the
present inventi o> mpthodiof fopgipg P WGP SelUsogiqn 19§F9‘%‘E°P%’ﬁt°blf‘ﬁe§7 thegnetipd shapes
and si zespridfngt r enches are not disclosed in a limting fashion. The method
and cappar at nt ted to the precise details and
condi tions %Fn(%s?g%d \r{?%%rlf'{s)&gﬁle%mgcotnduc Omb}éer 'made to the details disclosed
Wi t hout depaﬁfct"i‘dﬁ@aPPQﬁWStSH@’CS@PW‘Ee*@lfdntaH@aYenvent| on, which is defined by the

fol | owi ng C|s§lbdﬁ$ely fem@vn&f po&@ns%ﬂh@@@f&e@i%@@rgat Pgﬁérldm%ﬂﬁb%@ﬂc ﬁbc%sl;\/s VHAT | S
CLAI MED | S: réL y th ? S?( K égnn% shallow trench isolation regions in a
il 08 P RE kPO PRGT

sem conduct of ’r| sing: 5 providing a hard mask | ayer
above the sdpimingrierdeson thé Eaydonask layer ondedhalgeationghot or esi st | ayer above the

har g mask |%Y&Edmg%%&@&rhbl‘é&hyon&&i@weﬂﬁtlEéQFeBths“&dOf the photoresist layer at
| ocations in a phot ol |thoag pr.ocess; renovi ng@f@}ﬁl hard mask | ayer at

the | ocati orfgm’e‘f“B%’ik???f’mer? ??E‘I"f@%d“i’ti’fl‘l‘yﬁ’e‘mﬁé‘? eridgdiag in t ffhder the | ocations;
10 providing a conformal sem conductor | ayer in the trenches; and
converting the copf em,c uctor..l ayer into an oxide liner in the
trenches. 2. 2hTheOItr]rjﬁ‘g"ﬁI}T%JOf%m“I aﬁggeig ur%er conpri si. n(fq provi ding a pad
oxi de | ayer Pagysing agadsqxida japes ebos 4 ftigined sAliggrelayebefasy e sapet gevdnesthagdrdit di ng a
hard magk:. | ayer. 15 3. The nmethod of claim1, further conprising: providing
an insulative material in the trenches to formthe shallow trench isol ation
regi ons; and ,

15 3. The method of claim 1, 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 including acid.

4. A method of manufacturing an integrated circuit having trench isolation regions in a
substrate including germanium, the method comprising:
20 forming a mask layer above the substrate;
selectively etching the mask layer to form apertures associated with locations of the trench isolation
regions;
forming trenches in the substrate at the locations;
providing a semiconductor or metal layer within the trenches in a low temperature process; and

25 forming oxide liners using the semiconductor or metal layer in the trenches of the substrate,

5. The method of claim 4, wherein the semiconductor or metal layer includes amorphous

semiconductor material.

6. A method of forming a liner in a trench in a germanium containing layer, the method
comprising:
30 selectively etching the germanium containing layer to form the trench;
providing a semiconductor layer in the trench in a low temperature process; and

forming an oxide liner from the semiconductor layer.

13
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removing the hard mask layer in a wet bath including acid. 4. A nethod of
manuf acturing an integrated circuit having trench isolation regions in a
substrat‘goizg&“kdégjs,gg germani um the nmethod conpri sing: ﬁ@rﬁlgfdgj”&g“% mask
| ayer above the substrate; selectively etching the mas ayer to torm
apertures associated with locations of the trench isolation regions;
formng trenghes 4§ e .t cations: pr.ovidi a
sem conduct o? or ?r%trﬁgpg? %E‘?ﬁ %/\Agrkh‘fv%;ef"ﬁgeelg‘!rv Eeéf?g?{aeuére frcl’cegs § %‘\i/?/g(%s{egirg?%%?cgfsur e
pr oces sPerfgigd ataerperatrehgowf943e | i ners using the seni conductor or netal
| ayer in the trenches of the substrate. 5. The nethod of claim4, wherein
t he sem conduct or_or netal I,nﬁ/er i_ncl udes anorphous sem conduct or

Bt pger

material . 6.%A mefidarsthed off gin the jo@terpngrafyrerprasesg j§ aichpmicalyapar AsRpiitipn
cont ai nprogsslivyleing athdaghotigiih@d conprising: 30 selectively etching the

germani um containing layer to formthe trench; providing a sem conductor

layey in theytre ' e Aty rocess. and... for.m i de
liner fromthe s%&%&‘ﬁ%ﬁ%ﬂ%gye’r .squg’%fgewgggﬁpwﬁﬂﬁég"@&@%@%&8@/ 007464
7. The ¥elershesto fpmpthgireachypolation iggiensei n the | ow tenperature process is a
deposition process perfornmed at a tenperature bel ow 600C. 8. The nethod of

claim?7, wherein the | owtenperature process is a chem cal_ vapor deposition
process invo{o\'/i ngrhﬁlﬁ‘fl;hﬁw%f&gy P'ciaﬂ?f.l’ga’gj. ’Tﬂeéelﬁgf%@lmrsﬁﬁ?mﬂfﬁésaaf claims 1
or 4, fexdatimmprocssnpri sing providing an insulative material in the trenches
to formthe trench isolation regions. 10. The nmethod of any one of clains

1, 4, and 6, wherein the oxide liners are forned is an oxidation process.
14
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