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curr ent ,Fidst, S663R eikide B3 B&mally 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 Tocated. 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 (8i0y), is blanket deposited over the nitride layer and the liner

80  oxide within the trench. The insulative material is polished to create a planar surface. The nitride layer is
subsequently removed to leave the oxide strﬁctures within the trenches..
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Shallow trench isolation (STI) structures are utilized in strained silicon (SMOS) processes. SMOS
processes are utilized to increase transistor (MOSFET) performance by increasing the carrier mobility of
s_ilicon, thereby reducing resistance and power consumption and increasing:aﬁve current, frequency response
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conventional STI liner oxide processes can utilize temperatures of approximately 1000°C which enhance

germanium outgassing.

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
85  circuit includes trench isolation regions in a substrate including germanium. The method includes forming 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;
3
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5 FI &RE 10 i § & crogseseotipirbyiew sehepaticdrawing of aporion of asiicosfeermanig® t i on of a
silicon géstrmiicluding sxtrhisddrsditen lyaCdnlslidégyes a ird Mhsk @ler2hd d piQbredisBliRf in an OXi de

| ayer, Llatol ccordance wth

anot her g{(&gfan%c{ﬁ%wegéﬁeﬁfm%ﬁfﬁ%ﬁh%Frenc atl.onng (e "(STI) process;

FIGURE 11 is %F%%ﬁi sectional view of the portion illustrated in FI GURE
10, showing a E'F AfATsEectpngh st of fop gordon dipistrated inpHIGIREELO shovvigg glithographic

Cr oss- sepiteromgdétepyi ew of the portion illustrated in FIGJRE 11, showing a
selective etching step for the hard mask layer; FIGURE 13 is a
Crosgpsect i onmbmmsgtmtsla@cuaﬁmémtht Ar&b%t.ﬁualaﬁﬁ Riovif asﬁfé& ng a

sel ective , .etchj ste or the oxi de l'ayer, 47s a ross sectional
vi ew of ftﬁhén 5%? ftg‘hh ﬁ?aﬁl‘slf%’;tt ed in FI GURE 13, shovm ng a selective 15
etching step for the strained silicon layer; FIGJRE 15 is a cross-sectional
vi ew of the pﬁﬁmrﬁ$a¢mts¢ca'¢n@dzidmfrﬁemmateshmm B, sieviegd seaive et chi ng
step for et sgeloBdUxidBla$ér! | CON substrate; FIGURE 16 is a cross-sectional

vi ew of the port| on illustrated in FI GURE 15 showi ng a sem conduct or
deposition stg Fl GUR ross ion f the portion
illustrated i n ‘ff%ss'secé alvhe&' °§ Y”gﬁ'?rl% Pe%mwae}ﬂeé"is is a

cros$s sei“t"r“t&ﬁ%ﬂf°‘\ib€é&tﬂéﬁﬁsﬂlm1¢mtl on i I I ust rat ed in FIGURE 17, showing a
sel ective

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.
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Por t ,pn \;\]rl%ch(éﬁi@o% g@xmgl%&gtqumgem cgnduct or device, or portion thereof,

made from an vari ous sem UCt or processes, such as a
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Portion 12 can be any type of semiconductor device, or portion thereof, made from any of the various

1

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 germanium,
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 Gey, where X is approximately 0.2 and is more generally in the range
of 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 (Si;Hg) 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,

8  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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(Si F@ , nitr A9 Fibure 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 remove

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
8 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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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.
Although a low temperature is utilized, high quality and good compatibility liners 38 can be produced. Ina

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

30

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
35  deposition process is performed at a low temperature (e.g., less than 700°C) and utilizes SiH, and O, gases.
After the formation of 2 200-500 A thick layer for liners 38, a quick rapid thermal anneal (RTA) using an N,
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O

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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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

1000°C in an oxygen atmosphere. Germanium 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 (Si3N,) 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
85  similar to layer 22 (FIGURE 1).
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a porti oetcled @ tiof aparturds I3degurialhye 116 @ebedanck ki) stepi264 dfbiowsmatﬁdmm?{tﬂa 112
(FI GY4RE 118)cad ' ; C | GURE 2 to form.a, shall ow
trench i )gfd%%ie%%bo?%'l(a%ﬁgg E’?ﬁg{eﬁr gﬁ%ﬁ%@ 7 ‘(g)tﬂr?er f%gﬁugiteﬁc'%%e it %ﬁ%’)‘?ﬁl B&Eer 118
pr ovi dedseff%‘fwﬁwgst layentl§- Ehotoresishlaypralp4 FIGURSE 10) qampearpmoyvadbefore qo ity pritedhyaver a
sem condi8tischgiubst rate 114 or a germani um contai ning | ayer or substrate.
Substrate 114 can be provi ded above a substrate such as substrate 13

(FIGURE 1). 1 pRASRE 19 he bR ploa ipcgm?gﬁgm Ltghqsmm,siﬁ&%%r@a?. LOLy Jevice, or

portion {hereof, made fromany of tf ar Gus Sem Conduerstsi®&sses such
as a con{# EHSRTCHPYPd eesqrdanss Mk dseirtingReparst 9 thay apervisy 134 meseloaybstrate Bidpol ar

process, or other sem conductor process. Portion 112 may be an entire IC or
a pottion of MHAIGUBE 15.selisteath T14)is atchred kirdubh ipertueet 138 ieoint ®unthes BOIRMIBR AEncPOr t i ONS.

Subst r atigolatidstrusiurdin Glc6raMbe Withd s&p 2d ; ?ﬂﬁg Fere SIS onduet.or
mat er i al;.idtﬂcl udi l;éﬂgﬁ %p%{%r rrftr?i 5‘?#1) bdaﬁﬁl)g&ggﬁ zgfg(?d opegi)w%{;%ﬁc-ht%ip%ﬂ%@pﬁﬁtas or
N-type dOpantsPosings pdtugs 3¢, Thedisngbes proferablyihave 2 fepth of bsywsen anprogipiaigsd5¥n a
sen conchag Q9P Aand zwidth piOLIBE 5D we oltebe, Teuehthd SanhRSihpth@dal Goss EddtidnRISEPDT €,

subst r atwaithkdetharkcwer okl S'eﬁx%m e BBttd2 RO BdnkHeOln Ao h?*ei?khgpcgos?%ét%?lg istli m(Shi x Gex,

wherg Xi I mat el 2 and 1S nore genera In angages'of

0.1-T. 4)5“’%8‘% if“)rgsd’{n%e’%%méﬁﬁn H&y-pehing pEreess o foam de trerighes.c Sbstigte 184 oph begtchedo

subst r atiethd samg Fep@sREer136. A strai ned silicon layer 116 is fornmed above | ayer
114 by an epitaxial process. Preferably, layer 118 25 is grown by CVD at a

temperat ure olinaigelal Rhif SANG Ay ki8S ok QYL vl G Biiuflf © |1 cOn

| ayer angocespsaltlv%l thl%kness of between_approxi mate Pad oxi de
fiimor Foxrae T aear%rrpr"f We pIAPEIUE iR 1 1 In o aupbodiment, the gpegipres fopthe teenghpy rconal
Layer 1Pgvided alitheaifaptheohghlayerid4 wahdther gubsows (e@n subgiate s inFUGSHE Bt € 118 to a

t hi ckness of approxi mately 100-300 A. Layer 118 ‘

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 ata
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 2 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,
85  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
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serves as a buffer layer and can be thernmally grown in a conventional high

tenperature process by heating to 30 1000C i n an oxygen at nosphere.

Ger mani unELE084/484209i on and out gassi ng are not a probl erﬁC'ilt/UQZM‘*@ﬂ'ﬂé‘l nt due

to the pg ﬁ,%@l %oé pask | 22 s provided
y 40 iy o ol s o el SRR L ol

over * oxi Fcon nitride

(Si 3\4) B‘F%fsaéar%}twe&dwem femgaswa%mayﬂr %pﬁr@mhmhewreéw 136 1000 A by
a deposi tdneditedinto liheh oxideahategiil@¥8. h process. Preferably, nmask layer 122 is
provided in a CVD or growth process and can be 35 simlar to layer 22

(FIGURE 1). /4 { hot or £S5 ayer 124 is
spun on %H%? ofn\ﬁ%a %@%ﬁ%%%%g%méﬁ%&%g 8 g Tgﬁ Fs any
comme? ci SRS oBlwr 122pftemativelyplayen 126 g rwqﬁrﬁ@mmpeyfasqofw@ﬂ Zehsforedingr gxids,
Corp., Mau&HERI285Forfukd. [LiddegxideMaterid BxB@naldY)s linkr1 38 Viflde tbdched2b0tidaasth St | ayer
124 is s?eﬁg‘giﬁel y renoved via a photolithographic process to |eave
aperture 4in accordance with a step 202 (FI GQURE 21) of process 200
using pattern 128. 5 In FIGURE 12, mask | ayer 122 is etched via a

dry- et chi ng pREIGHRE 18 dinets 138 agfermpd in dhs tromlaes pssasiated with aperturds 3o Preferadly; igers
accor dant3s awiokibe (a.g S&ilpn b oﬂd’ihc&f @&@ﬁ)&n&%ﬁ& f&rﬁbﬁy’%ﬁd&iﬁ a sem&lddét&vﬁﬁx&&{l i ng

process l iy pect. Lo .0XI 124.
Laye?élzij}l?eéﬁ %%hb%(&n&ghlgg ? % s ertd{g%\% gfw%n ne 7mb°?—11nﬂ§ aL?dne etch
process 1 a{’fﬁﬁ'ﬁ@ébef% @ioemevrﬂfb 3§|Ipﬁereﬁn@|e@kqda@nwxe@rm&mdamq nyer 118

i s et chadbpeduntingér tidpeichdsaR@End34 reach layer 116 in accordance with step
204 of process 200 (FIGURE 21). Layer 10 118 can be etched in a dry

et chi ng prOceﬁgTG(ﬁ{Et@raqg}Ibll%@Fé‘muﬁt&\?%teg%ﬁ e@gepg%tgyoval %)e utilized to

renove sel ected portions o ot Of €51 S 10)
can be rERgRAsOHarhYiKh apgrtuses 134y Ingulgtiveamatesiplddo is prefarably SIE‘IOB H’ééide quPSIFBrinE 14,
t he @t chHPP po@sand smikiiangethl am«mmmm hpreretaBly, fabdldtiGmatdial 120 isabposited inai ned

silicon danc th a dr i ng process
S0 that %%é?t*ﬁ?é*@i AR RS b PR BB ey e S TP P10
i s et cheSuygtrfrald At pafenlly heguee EPPPHFIWLD’P-@Q@@QOQ‘%@% shal | ow trench

I sol ation structure in accordance with a step 206 of process 200 (Fl GURE
21). The tr enohiagvepraefid ndhib embad By plishitigbtching @il eGRa R ﬁ@y&ﬂza@&ﬁdhw es 134.
The U1 e el 6f AR oyl 304 5hs RSl Tho 81 RALOHI serehedda. 2N

4000 A and a w d nm or € renc es ca

t r ap8% oi ‘fatsleyetde ean by smayed by afymber gf srippipger eishing Rivsessesp Breferably lmselptwg at t he
bott om nidgial M@k cdaeseddidm abdve ydn a2y aiyle@hing I 0SS- sect i onal shapes. 20
Substrate 114 is preferably etched in a dry-etching process to formthe

trenches. Subg Bﬁe@hﬁodarﬂe%t, Q\mtlbﬁaf‘e; ﬁB ngmakeﬁ wﬁtplﬁaté‘ﬁmﬂ Etdgﬂ?mé& af{e%ﬁ&enéh%sﬁ

Al t hough d SCI’I b d as _being etched process nches
can be 8% Fff/uzﬁ?‘b](,l &g steipped. ébﬂ“‘é“‘fe&ﬁ?/ef6?%}%?@?‘%%%;0%@?&#@?1@?‘%'2% in [ ayer

114. | n resgkedenbodi nent, the apertures for the trenches are

.|

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 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
80  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
85  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 (TaN), titanium nitride (TiN), tungsten nitride
11




provided all the way through |ayer 114 to another substrate (e.g.,
substrate 13 in FIGURE 1). 25 In FIGQJRE 16, a conformal |ayer 126 is forned
in the trdYRHOY4EY above | ayer 122. In one enbodi mentPCT/ES2EH4/00PE4i s a

sem cond n _be f enperature (e.g.,

bel ow 680% IEltaLLa er %@Eﬁy&rﬂwﬁ SE f% r(étmfmayyer gﬁ%%kagdlﬁy V\iest48§<n| ?Iéc(?nt o form

an i nsul gpp éayﬁ‘éif’@?’i“a"rt‘ﬂ%\?@ﬁﬂaéﬁ é‘heS@%Ffé essocfafedh with gajetstyctursr 166 @pbmﬂﬂyon tittigeer 126

is a 100-200A thick anmorphous silicon |ayer deposited by CVD at a

t enper at ur e Oft ismOdBrsGODGAL whﬁay&l’detlﬁk@ diaﬁmge?@&ﬁﬁcte% ekl aﬁiﬁﬁﬁ&ﬂ@ﬂﬂ@s Eﬂvénh step 208

of procegg refdk 6 a netal
geqiq? &%{gﬁiﬁ%gngaed& nt{) e%nt| ventlon, 155()”&16 pv.g%)f) O‘)Sf ﬁ{uf onem

or senlcon ductor nat e 0S| D) at
| ow t &np&heshagpsand sizgs/of frenphes arg a% d’é‘éose@ in F ’flliménﬂfaqhay €Fhe mfthed aod dppugvs of thyer can be

tnon- ﬁrmrnpdﬂws‘m not layid toll%@rebi& detaff 284 ?Qﬁyongml&eqedmioes &brﬁ&‘&ﬁgbesmﬁfa totﬂklilfs 118
rencnes I es of |.a ayers
and 122. O%S&hém & aé%“%g’r O\If/i}e gﬁe Rvenior, Ve ‘fhf’sa%g“ gPY fhefol W’%gf%‘m

FI GURE 17, 35 | ayer 126 is converted to an |nsulat|ve mat eri al such as a
liner oxide material 128. Preferably, layer 126 (FIGURE 16) is forned into
| iner oxide material 128 in an oxidation process at a tenperature of 10 WO
2004/ 084299 PCT/ US2004/ 007464 approxi mately 900C. Preferably, the

oxi dation process can occur at a higher tenperature. Gernanium
outdiffusion is reduced due to the barrier associated with |ayer 126.
Preferably, the entire layer 126 is converted into |liner oxide material
128. In FIGURE 18, layer 122 is planarized or etched to renove |iner oxide
material 128 fromthe top 5 surface of layer 122. Alternatively, layer 126
can be renmoved fromtop surface of |layer 122 before |liner oxide nmaterial
128 is formed. Liner oxide material 128 remains as liner 138 within the

trenches associated with aperture 134. In FIGURE 18, liners 138 are forned
in the trenches associated with apertures 134. Preferably, liners 138 are
oxide (e.g., silicon oxide or silicon dioxide) material formed by oxidizing
a sem conductor or netal 10 layer. In one enbodinent, liners 138 are

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

| 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 within trenches associated with 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 (Si H4) 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.
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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

| 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 enbodinent, insulative |ayer 142 associated with
material 140 ICLARMSsited 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 FIGJRE 19 as being a

single structgre far i LRI -n rgnches . (above the top surface and
si de surfaceslll'of I %n%%é?lfﬁlggt%‘ﬁﬁgm&%g ﬁ?‘g?%é?glﬁ%gl Arieqmeqndyetor
material 140 layewconmising gamiaainns, thé afethodf conpiing: 138. | n FI GURE 20, after

material 140 is provided in the trenches associated with apertures 134, a
gate stPuct ur e 158rq¥§ﬁn%éhﬁﬁddﬂﬁ$!%'éyef®p§eﬂlqaﬁmmndu®ﬁlaym be a

convent i onal N[BFEgrOGﬁﬁﬁg5&}5%}&{8313)%}"%%0\%3}1%@?8%@ t%{;nover oxi de gate

structure or polysilicon over oxlde“ga e enbodi ment, gate
structure 156 is celestivelywiréthoving oportions eofUthe photofeaizt daR¥i &€ 16caKbhs 24
and a silicon,c rl%lee SiC) layer 148. Portion 112 is subjected to an
anneal after Ifl}f?(&‘ 0 SREPCP¥ are provided. Layer 148 can prevent

ger mani um out gas Sefdvi NRAGY i ers 148 and 154 can be
particularly advantgg)ggn-tgs}ﬁiefh&]‘aayer %’.’L@Ia}tsﬁén@?a@mi lized with portion 112
and gat¥ st r uct ur fowBingteenphes.indbelsathicondiicsordayer uadeah@RRatiGRsE ONt ai ni ng
substrate. |n anogther. enrbodinent, |gyer. 148 can_be a tantal umnitride
(TaN), titani um nifPYdingarregformal semicondycior layer in the\irgnphemingauatomic layer
PCT/ US2004/ O@épésitior prodlss; d ani uni titaniumnnitride (Ti/TiN) |ayer of
approximately 100 A thick and | ayer 154 can be a silicon dioxide |ayer
appr oxi mat el y 100 cpnvesting . theheonfqracd r sndesmiictor cldyey into gt exiler lidruine the56
can be silicen Eﬂetsri de. It is understood that while the detail ed draw ngs,
specific exarrpfles,' and particul ar values given provide a preferred

exenpl d6y enbodi nent of the present invention, it is for the purpose of
illustration_only, 5 The shapes and sizes of trenches are not disclosed in
a linmting f&shi ofhemethodefelaimhofusthereomprising: t he i nvention i s not

limted to the pregi t al .and_condi tions disclosed. Various changes
may be nmade to thgpd zef g?’l éﬂd d‘?’&‘@?g@’e@a Y‘ﬁamaaﬁﬂf aY?r(a)l?ﬁf?‘I‘FethgﬁFePiQf of
t he inventi oproviding b hal eladki lager. by the following clains. 12 CLAIMS. 1. A
met hod of formng shallow trench isolation regions in a sem conductor

| ayer conprising germanium the method conpri sing:
20 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.

25 4., A method of manufacturing an integrated circuit having trench isolation
regions in a substrate including germanium, the method comprising:
forming a mask layer above the substrate;

selectively etching the mask layer to form apertures associated with locations
of the trench isolation regions;

30 forming trenches in the substrate at the locations;
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5 providing a hard nmask | ayer above the sem conductor |ayer; providing a
phot oresi st | ayer above the hard mask | ayer; selectively renoving portions
of the photoresist |layer at locations in a photolithographic process;
renovi ng the hard nmask |ayer at the locations; 10 form ng trenches in the
sem conductor |ayer under the |ocations; providing a confornmal

sem conductor layer in the trenches in an atom c |ayer deposition process;

and converting thepmaiggnglseﬁﬁégngg&qu%ghe Y& elj %&iﬁf"}h@% gl\lllsid?rﬁé -&ﬁgge

trenches. 15 2. The nethod of claim er tonprrsing: p

oxi de | ayer alssperaiureatemnieddyerideposition psoeesshaidre the step of providing a
hard mask layer. 2@ 3. The..nmethod of claim1, further conprising: providing
an insul ative mat e??rgftmg RXidR dners s e semicopdngterosmsial iayer indhe frenches of

i sol ation regthesabstaits] renovi ng the hard mask |layer in a wet bath including
acid. 25_4. A nmethod of manufacturing an integrated circuit having trench

i sol ati on regions in a substrate including germani um the nethod

conprising: fermn peS I t._above the_ subst.rate; selectively etching
the mask | aye?' to ?%?m ap‘gdr ?ﬁ%@ma‘gs‘gﬁ‘frﬁ’f‘e@evﬁeﬂﬁc‘?@eﬁ@&ﬁ@e@f laﬁ’gfemf’ eh
i sol ation regimorphodkehficondigtor neéiy®s i n the substrate at the [ocations;
13 providing a sem conductor or netal layer within the trenches in a | ow

tenperature atom c | ayer deposition process; and form ng oxide |iners using
t he seni condygtor gr L. the trenches of the substrate. 5 5.
The et hod oft-c) ai e Khifibe o ok i 4 FEAGH e Gprmaafii Soupiing e s
anor phol@® sennethodivamprisingt eri al .

selectively etching the germanium containing layer to form the trench;

providing a semiconductor layer in the trench in a low temperature atomic
layer deposition process; and

forming an oxide liner from the semiconductor layer.

15
7. The method of claim 4 or 6, wherein the low temperature process is a
deposition process performed at a temperature below 600°C.
8. The method of claim 7, wherein the semiconductor layer comprises non-
20 amorphous silicon.

9. The method of any one of claims 1 or 4, further comprising providing an
insulative material in the trenches to form the trench isolation regions.

25 10.  The method of any one of claims 1, 4, and 6, wherein the oxide liners are
formed is an oxidation process. -

14




6. A nethod of forming aliner in a trench in a germani um containing |ayer,
the 10 nethod conprising: selectively etching the germani um contai ni ng

| ayer to formthe trench; providing a sem conductor |layer in the trench in
a low tenperature atom c |ayer deposition process; and form ng an oxide
liner fromthe sem conductor layer. 15 7. The nethod of claim4 or 6,
wherein the | ow tenperature process is a deposition process perforned at a

t enper at ur ¢; bel f_claim.7 wherein.the. sem conduct or

| ayer corrpﬂ's esgﬁ%‘%ﬁgggf%an%%ﬁg@ g‘?ﬂ}tég%%tgd §l.rcuﬁ1lng§tetﬁe&8ﬂ(5§°?§’r?§} one of

clainms 1 oregibnsfina slitstraednglodisg @grmpdndyrh dthe gnettivd donx?ﬂilsﬁl%i ve material in the
0.

trenches to for{,nthe trench isolation regions. 25 he net hod of any one
of clains 1, 4,ToamipgsR ErpboKe thesuberate:ners are formed is an oxidation

process. 14 11. AdRL] Cé%hﬁ{gnﬂﬁ@%gsgg%}}rég %J%nﬁrlphrgli{rgzgﬁs%&ge& Wifgui t havi ng

trench isolation regfons ih a su e i'nc germani um the nethod
conpr i s§ ngtocatemsiofi thearemnb ksolagiparegibmsze t he substrate; sel ectively etching

the mask layer Lo form apertures._associated with 5 |ocations of the trench
i sol ation regi of&t “fgotf‘?ﬁcﬁ‘@s lpg}ré%%WégatFﬁt&’ﬁgo‘?HB%r ate at the |ocations;

providing a 53%&9%5 ¥mieéndiRioR br hR¥A a -{Vﬂhﬂlth@ﬁeﬁcrh%?gngtfﬁl and in

contact with the s rate in a |low tenpérature process ow approxi mately

600C; and quntdcomithribe spbisttate lin adovg tanmperainteguocess bdlowhppmubsdtelyt e usi ng t he
sem conducé(?fo or tal layer in the trenches of the substrate; whereby the
| ow t enper u?earﬁygcess is intended to prevent germani um outgassing. 15

12. Thg met hod @fmédeadxideliinerd 1 doRict GRAME {ibMBaPLaNS Heng an i nsul ati ve
material in the trenches to formthe trench isolation regions. 13. The

net hod of semipendustor pumetablayenimihe tenahes efithe iswlptratee
whereby the low temperature process is intended to prevent germanium

outgassing.

15 12. The method of claim 11, further comprising providing an

insulative material in the trenches to form the trench isolation regions.

13.  The method of claim 12, further comprising removing the
insulative material until the mask layer is reached.
20
14.  The method of claim 11, wherein the low temperature process is
between 500-600°C.

15. The method of claim 11, wherein the semiconductor or metal

25  layer includes amorphous semiconductor material.

16.  The method of claim 11, wherein the low temperature process is
performed at a temperature of less than 600°C and the semiconductor or metal
layer is amorphous silicon.

30
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insulative material until the mask | ayer is reached. 20 14. The nethod of
claim1l, wherein the | ow tenperature process is between 500-600C. 15. The
met hod of claim 11, wherein the sem conductor or nmetal 25 |ayer includes
anor phous sem conductor material. 16. The nmethod of claim 11, wherein the

| ow tenperature process is perforned at a tenperature of |ess than 600C
and the sem conductor or netal |ayer is anorphous silicon. 30 15 17. The

met hod of cl ai 1, b 4t L ormi ' | iners. .st i S, _an oxidation
process. 16, A NEt hodipeyRd Rt T, RReRH R orRGLSult BRenBepdh T s S
sem conducsmoxillajerprocespr i si ng ger mani um the method conprising: providing

a hard nmask | ayer above the sem conductor |ayer; providing a photoresist
| ayer above the hard mask | ayer; selectively renoving portions of the

phot or esi st | BY8E. aC ALAGARA PRriihenat0hit RORIAPNGRTREeSS: 10 T eroui ng

the hard mask | ayer at the renchés in the sem conduct or
| ayer undesentipenductontdyenegmpriring gatinagium, toshethod compritiagnduct or | ayer in
the trenches and in.contagt i,ith the sem caonductor |ayer at a tenperature
of less than ap%fPéS@i‘%%@?ré%aégA&Yﬂaﬁm’ef e seorigenductoy layge conf or nal

sem conduct or | gw@iding¥ phAbreSi¥t 19fer dbB6E tHeatd\askilafiches, the oxide Iiner
in contact V\ﬁth@?hq sg}mﬂtlzonduct o_ferl ayer. 19. The nﬁ?hod of claim 18,
further conpri sselegtively serhelving partivad obstiegdotongsist layboatdoeations ai med si | i con

| ayer befo .providing a hard mask | ayer step. 20. The nethod of
claim 19, furtner I'STTIY: renoving the pad oxide |ayer at the |ocations
l'ai m 19 éh%“ﬁlﬂﬁ"gr%@ﬂg}?m?%g ing the pad oxide | he | i

bef or elot he f or nien@vingahe had m&kedyer at the locations;
forming trenches in the semiconductor layer under the locations;
providing a conformal semiconductor layer in the trenches and in contact
with the semiconductor layer at a temperature of less than approximately 600°C;
and
15 converting the conformal semiconductor layer into an oxide liner in the

trenches, the oxide liner in contact with the semiconductor layer.

19.  The method of claim 18, further comprising:
providing a pad oxide layer above a strained silicon layer before the

20  providing a hard mask layer step.

20.  The method of claim 19, further comprising:

removing the pad oxide layer at the locations before the forming trenches

step.
25
21.  The method of claim 18, 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.
30
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25 21. The method of claim 18, further conprising: providing an insulative
material in the trenches to formthe shallow trench isolation regions; and
renoving the hard mask layer in a wet bath. 30 16 22. The nmethod of claim
21, wherein the wet bath includes acid. 23. The nethod of claim 18,
wherein the conformal sem conductor layer is provided in a |ow tenperature
process between approxi mately 500 and 5 600C. 24. The nethod of claim 23,
wherein the conjyprnma ' Holg LSE - rphous silicon.
1025, The methcd of T Se g CRiaL, WkEh BRI bBRTadA AR PICS T oxi de
grown in an oxygen atnosphere. 26. A nethod of formng a liner in a trench

in a germani um ,gonta ning l.ayer,. the t hod conprising, 15 selectively
etching the gerffeni u %Wﬁﬁ@fir#ﬁ[fnpégewggr&mf ¢ opiqEmelsemigendudion,yi di ng a
sem conduclaQér ik ¥RAidddin kh Qm?é”lﬂr i ] € ni um

cont ai ni ng ?a e? in a Iomﬁ?gﬁggﬁétureog%g%gggéﬁ%Péﬁkg%%gg;Pgate y 600G,
and forim n@0UK- oxi de liner fromthe seniconductor |ayer, the oxide liner in
20 contact with the germani um contai ning |layer. 27. The nethod of claim 26,
wherein the | ow tenperature process is a deposition process perforned at a
tenperature bel 24y 600k mefhod®f clhHig 253EWhadinohe Géxﬁbfﬁrl]a'i@em%ﬁa@t& the

sem conductor layer in the trench conprises anorphous silicon. 29. The
met hod of kayelisonpgisesraranerphaes shisate | i ner is 200-500A thick. 17

10 25. The method of claim 24, wherein the oxide liner is silicon dioxide

grown in an oxygen atmosphere.

26. A method of forming a liner in a trench in a germanium
containing layer, the method comprising:
15 selectively etching the germanium containing layer to form the trench;
providing a semiconductor layer in the trench and in contact with the
germanium containing layer in a low temperature process below approximately
600°C; and
forming an oxide liner from the semiconductor layer, the oxide liner in

20  contact with the germanium containing layer.

27.  The method of claim 26, wherein the low temperature process is a

deposition process performed at a temperature below 600°C.

25 28.  The method of claim 26, wherein the semiconductor layer in the

trench comprises amorphous silicon.

29. The method of claim 28, wherein the oxide liner is 200-500A
thick.
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