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STRAI NED SEM CONDUCTORSUBSTRATE AND PROCESSES THEREFOR
FI ELD OF THE | NVENTI ON The present invention is
wo edoame3st o i ntegrated circuit (1 C) substrat eSPOT/US2004/035417

et R SRR BN A GRS o

relates to a nmethod of form ng strained seni conduct or
structures on subst rAEES OXAHE DVENTIONed seni conduct or
structures or layers. BACKGROUNDOFTHE | NVENTI ON

St rﬂlﬂ Pr‘égnm&lon %)félggd t8 ﬁ%@@@ﬂ%&t @@) s(ﬂ%%or REBS @Iﬁl&@ﬁfocesses of

are utilized to increase tranS|stor%¥ ET)
makigg |G YPaATS "Bl Mereaaaralnyy(herreset fy °‘h‘616'ieft tp @ fpehpd of forming
straiffeld kdn@@nductoh@ruetngs dneaiseitdd gnd te sttasrb @ eitcomtuctofyauddires or layers.

consunption and increasing drive current, frequency

response and operating speed. Strained silicon is

typically fornmed iy ﬂwwﬁgogfﬂﬁquﬁﬁnﬁNllcon on a

silicon germani um substrate or | ayer e S|I|con

germani um | attice associated with the silico

geraATduPatd priderspraipadcior MR Bropsssendr wiligpdde W@%‘é@@ﬂm (MOSFET)
perfdrii@ide By 1@d.ﬂéfaﬁn§ﬂhé d:aﬁ[éﬂmbtﬂttj? ofGiiconhérbbyS RIREihg1gsidRCINE prggver consumption
and ‘f‘ﬁ‘ga%é‘% %{rmlvtce: Slhr% 1{[%] egléy Igi%gr(l:sg &dmﬂgeq'ﬁtﬁ{% FP%ng g)r%mée%ﬁrﬁsl’llc qé:tglgéaﬁy formed by
gﬂmg$ﬁﬁﬁﬁﬂﬁﬁ#%apﬂP@@mnaﬂ¥@WHﬂ%N§“§?@dﬂﬁf|s created in the

silicon layer. The silicon atons are essentially

pulthesiap @érﬁlalﬁﬁnomu&rb@soaﬁtﬁﬁ i the SRR brBYeAfhnSil st Qe #9 @éherally more
Wldﬁ‘% sgacecF ta%lnvag)u{%%glgong qg‘ te,e w1S rg%agljng erc%rlmﬁ ?%u aJch a%lg Q‘%grcen%ge osf
gern@awsegecﬁl@we gificon httice/aligesvaid thydnghs sitiepn wgﬁ@m@nasletﬂpm a geppdlp gfipin is

crea®ddl e WRicAifTaybd) Erhy @k BASENNA WG ndaOy HLBIEA §8:8 Borh Bue@BRGY . AS
a result of quantumeffects, electrons effectively

en é%g@?e% hhgo I Cse a%n&uggvtse H%‘rﬁl o%é)l?i%llslé sqgwg R/ﬁgngg]banﬁﬁ] f TLe %{‘)Ehcatmn of
tensite@siis barvctictncassksdedr phhe Yaleow,barlds tognbeatei peperge hreﬂéw ¢fitizs valence bands

to de@f@%& 1nV¥héré3' | &ssasres)ﬂt pfvﬁadt&f@fectﬁ @ﬁ@tﬂ)ﬂs Jffe&ﬁbl&r Q@tglpﬂﬁﬂel%é&ﬁ 1e8when
i con ca

pass?%ilxjé)u%h;t cslswerte&ergy@e@s t T% §he (gxggenfnﬁé anfisnoffeélf:sé)lieélatance to electron flow.
In adsmbm, elocionsAgeeawirthdessl Vibratiapalrendrgyr fromothd duckeys of the slli@matbm odtidhyauses

them t@ fcﬁt?e@&eAQaté & 5§6 t%qmﬁ%%esslkés a1 (G209 ﬁﬁc%ﬁi Asoa rEs%it %érﬁg mobility is

I con rovi an 1 ncrease in _nobili of 80% or
crampisaly Pt Ilee%&aweﬂ@lcmm%%twams;éw?% PrOH&, nopf i moblicyof
80%iofiG6re &8 BledtidnsD20% drynottder holee IThe Mitddbe tnandbaitySiasteer fotind to persist for

currefnyf{egd% u% toflI Semegac'vof{s?ceﬁtl ge 5Fhw% %%%%l a}eﬁfeﬁeelgg to %Blgé dev1cg ?p%ced 1ncrease of

are speed incre
35% eyfith s B their pedenon §fdpiqs sige, P@o?é@trFCblﬁloeﬂn ROEG Cé@“@?%?é Wlﬂeﬂut aareductlon in
perfotadfed. educt i on in power consunption w thout a reduction
i n performance. Conventional SO substrates have

in Cdonven onz% S%‘i étrgt%&'lla%é 1|nc|:h(1:do 5;.?1 a%xe({ s11%t8)r(1) l\ét;/e(er %)ob uf bIUIelgd 09(1 g?er above a
Ia er OVG a ase uril e e
base beerf @hemgded yidg layes pdndse wi;orrqu img weiets 9Enzodesses| 11p'p‘qudmg depos1t10n above the base

layerdE BP&bink 91@ b@@ﬁYe@ withi6xyRAS end s@yiﬁ‘éd sQﬁlc@MucQﬁ) R4 Gantbg ?ongﬁaﬁ providing
| ayer wth XY, The strg m conduct or aé/

a s111&o£ﬁger6)émfua %& ‘glgﬁ ab)PIBRﬂSIH?I}.] 11 x) ex, w ere X is approx1mate1y 0.2, and is more

generally in the range of 0.1-0.3. The silicon germanium layer can be deposited by chemical vapor deposition

using silane and germane. The concentration of germane can be decreased as deposition occurs so that the

upper most part of the silicon germanium layer is mostly or all silicon.

The use of germanium in SMOS processes can cause germaninm contamination problems for IC

structures, layers, and equipment. In particular, germanium outgassing or outdiffusion can contaminate
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a silicon germanium | ayer having a conposition of
Si(i.X)Gex, where x is approximately 0.2, and is nore
wa@emwsied3sy in the range of 0.1-0.3. The sili COPCT/US2004/035417
vanocgjlsegorrrng)gr{egtrsnassc%}/f d w1tﬁl ?a%né%g alluérge% 491){ 1n‘l?4%ﬁafgd g@!ult YR es associating
I on us ane an r mane e concentration
withdffe pggwwé rvafer d’ﬂrthﬁe g@@r@m@aglé&ﬁssag cefelsersively Biwad ghe drmatipp of thin films.

In addfi@, gbrB@niMp Qlﬁ&lffﬁmﬁtcarf@ﬁsﬁ géhanfitacEintul 266 or GRTe PNt i linterface of the
yer i s nost ?ft%ea{'}il con. The use of germani um

I a
liner; tﬁ“@%ﬁ‘s‘ﬁ% f?lﬂaé’gg%’é,suf’f & mani um cont ani nat i on
problens for |IC structures, Iayers, and equi pnent. In
parGekmganluaroutggssingrean ibumrt@ula@as@ﬂmgtiw the u¢rdl high wmpaaturesand HCl
amb%ﬁ'gEMH%‘S%’s@&été?i%th‘%&quQ%zﬁlo@%%'lsﬁfaﬁ&l (@'I‘ Eh-uEthr% For example,

abrication equi pnent and integrated circui
conveytioppd T ler oxide preseases 1p it FTRFE b BRI el PUFC which enhance
gernfahifih B&gassiger mani um out gassi ng can negati vel y i npact
the formation of thin films. I'n addition, gernanium
out [
’Iﬁilhg‘ thgr,’é lls%r}lee & I%ﬁ%hzerg chrg{eo I!of‘sﬁbs@r%tlg &g}r&) a‘{ﬁ bg fr%rrgerd without using .
gem@alu@u ﬂ@thwévli ﬁmellﬁ qRped féfs,al}é%cesﬁ girforying fgblqméltt}f%\é%wétrates Further still,

thereﬁ@i ﬁsacnfoum m@sg@e&& ifBata Prokess tpd Bdek G Ire@ﬁlkeystraﬁeabalyafmpdsﬁon Yet
he ver % eratu

furthglh gler? bs ﬁl rzrl,ger(]it %r a élgoss%%e ta 18 dmt as ft}s]cef)tlfa]b?edtf) igeﬁrél?nub ouggasshnél ][:urther still, there is
a ne¢dferme pioees] Afqroing ét@imp(} seqicpngdustordayers.Foyen @x@mh@e is a need for a wafer
procks9 MY Mah QB &Hd/oihbredsksiRI 102K it 6F thY REIBSITBSaRBicok 4 lajet e

tenperatures of approxinmately 10000C whi ch enhance

ger mani um out gassing. Thus, there is a need for a

strai ned sem condu an be forned

wi t hout using ger n'g[5 r‘f‘ﬁ%{rﬁ %ﬁﬂbﬁt here is a

need for a process of form ng high quality SMOS

S Ut exeapdasy enfbadippes relatgsitd 4 method ef reanpigetyring @ piteprgied giffuiSvigate. The

inte SHRJdR vk QEIBES 18 ludRY LERES linatThQﬁ&ﬁodﬂﬁludEsWidﬁr@ a$hse Bly@Qfoviding an

Yet f h
sl R petb e Bt Py PRt E o G Rl Boer. oo
methodi fugbes Siciudes fdeming hidars mitthelbhse layérere i s a need for new
process of form ng strained sem conductor |ayers. Even

fu rﬁtnhﬁér’exéntb@afyeen{bgdlﬁﬁeﬂ’t‘ 80k foQlmethodVBe 1rimind 2QE 253 sdnbi@hductor layer above

ey R R
the tleRdWENTI ON An exenpl ary enbodi nent relates to a net hod

of manufacturing an integrated circuit substrate. The

' ntSﬁg Elﬁ)tl@penghﬁlﬁy Erhbogfﬂ*aﬁtrélﬁés@o d s‘ﬂﬁ%ltrh'tg e’?he@ub%ltreft@h@&ﬂs a strained layer and
yer. The neth i ncl udes I‘OVI %taﬁ)élease

a bas,s TSP gre sifinet) Lamra herbgse |1a3§)”érfls RGP Bregilef q%ﬁtéaf“ed layer. The
trendésdndpeeGuréselinnig saaiss@dyeonduct or | ayer above t he

insulating |ayer. The nethod further includes formng

pillars in the base |ayer. Another exenplary

enbodi ment r el gigfr bRserPIGQOrAfuE BRAWISGE Strai ned

sem conductor | ayer above a base Iayer. The nethod

i ncludes etching trenches in the base_|ayer

pr GUPRRIFYCRPoigITET BUDESPRe R &Y avdefSrW? iR p @Hew&&detmled description,

takelﬁh crjunéxion tviitle the eccenihgifig/draviips dihorein flike efegb@gumeaalarefer to like parts, and
whetibstrate. The substrate includes a strained | ayer and

FIGURE 1 is a cross-sectional view schematic drawing of a portion of a substrate including a strained

semiconductor layer, an oxide layer and a base layer in accordance with an exemplary embodiment;

FIGURE 2 is a cross-sectional view of the portion illustrated in FIGURE 1, showing an etching step;
2.
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a base | ayer below the strained | ayer. The base | ayer

has trenches on a side opposite the strained | ayer.
wab@snessthes i nduce stress in the strai ned | ap€r/US2004/035417

i 1TOBECEE HFE P 1 Groady e o o e prip SR R Bbibstion
stepdet ai | ed description, taken in conjunction with the

acconmpanyi ng drawi ngs, wherein |ike reference nuneral s

r efeeukiD4 15l b SuoRAidwSof 1R PEHiMIBY:@AS in FICBHRE; 1 1S a
cross-sectional view schematic draw ng of a portion of

R R R A M S A
anotiex emtplianent; enbodi ment; FIGURE 2 is a cross-sectional
view of the portion i1 ustrated in FI GURE 1, show ng
an P@é@l@j 8 2 $bteoR: Vidwdelmatk drswisk 0@}% §1§>th§1e§)§tloﬁ Gﬁi subdr@¥inQkcordance
portion illustrated in FI GURE showi ng a
Wlth&%‘%?é‘?”ﬁ"%‘ﬁ‘e‘gt ep; FIGURE 4 is a bottom vi ew of the
portion illustrated in FIGURE 1;, FIGURE 5 is a bottom
Vi mmm*emgmraummmggamovam mtetbss ffo fdbiitingthe @ortion illustrated in
rcSePsLLAt € i n accordance wi th another enbodi ment;
FIGJRE 6 is a bottom view schematic draw ng of yet
anot her_portion of a substrate in accordance wt
andtHERE 2B EEseETioRal e vike pertiog ystgled i FIGURR bvﬁPOdV%drnaemamcal
combxoinh $yglerA atpelea @ske suttrat.abri cati ng t he portion
illustrated in FIGURE | ; and FIGURE 8 is a
cross-sectional view of the portion illustrated in
FIGURE 1, showipiga3y £ HRICRIPHON OFPREFERRADSY St €m

attached to the substgnabiearRPENMBODEPENESCRI PTI ON OF
PREFERRED EXEMPLARYEMBODI MENTS FI GURES 1-8 il I ust rate

%ﬁ%@lﬁ%&ﬁf% @Pgrlatgrs&%t?a %es fro%éss rfo?Vrogidljplge(ljL?Er c{ senucoxrduci}or layer, such

A8 A SPYAMRRY ™ SI"FT Ean
asa ﬂﬂa@eds&ﬂrcm:lam €Be atmsttupﬁ otlossess carhe bdizet ilhoyt exfuiping m)tmmum doping

or bd @HIbE Ed DBPuRBEsT R iRaeRaEhe0r be utilized in

conJ unction wth ger mani um dopi ng. Referring to FI GURE

p arl}efe f%ggol F&ﬁ?ég 1, (?l’po rbé({] gléggrgtgdccﬁrlcég( tcan(be p)a:t ofaa wager or substrate,
suchgemen@nductran-ignlaion§Ql atberate BGkipn 2 chrsherferved inReracess HIOZBIGURE 7)
and fs ﬁl@fegﬁly FRLAB: dRind I 68 eriObhabdidr %)Zﬂph@a{ﬁgn 'S

preferably for use in a strained met al oxid

sem conduct or pl i cation. Por

a Subst ?Odf“é“d&%arfﬁ&os‘)é 8"“5’““8 "csFélP‘“rﬁié%Ye sté’yae?““%‘g"’“ ?*B‘ﬁ Sé‘&d a base
layex0i Heyed Myarincd@le gamehign bycdbs erovided over a layer including germanium. In addition, a
support substrate can be provided beneath layer 30.

In one embodiment, base layer 30 is a single crystalline silicon layer. Layer 30 can be 400-1000
microns thick. Buried oxide layer 40 can be a silicon dioxide layer. Layer 40 can be 500-2000 A thick.
Strained layer 50 is preferably silicon or silicon/germanium (10 to 30% germanium). Layer 50 can be

approximately 500 A thick.

Layer 50 is preferably under tensile stress due to a set 32 of trenches 36 (FIGURE 2) including a
compressive material 34, In one embodiment, set 32 of trenches 36 can be empty and the absence of material
associated with the trenches causes tensile stress less in layer 50. Preferably, set 32 of trenches 36 are filled
with compressive material 34 such as a plasma enhanced chemical vapor deposition (PECVD) silicon nitride
(SiN) material, a metal, or other material which becomes compressed upon or after depositing in set 32 of

trenches 36. If tensile stress is desired in trenches 36, a thermally-formed silicon nitride (SiN) material or low

-3-
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| ayer 30. Layer 50 can include germani umor be

provi ded over a l|layer including germanium In
W@d@sn62387 a support substrate can be provi dedPOEOBZN035417

Y.

pressu% cﬁei Ta? vaﬁorr& Iﬁ%ngn grﬁ@hlﬁtg%g?aﬁg% 9%{2{(}1 1%9:&![ 8@1511%1 eg‘gelnged
CheﬂmabYaewsieROﬁP@KPE(BG?)ls@&lW ish qeses wippiesswe steesn be a silicon

di oxi de |l ayer. Layer 40 can be 500-2000 A thick.

St ridb résﬁ\bé@lfresﬁ&l Thy®r JOX iﬁt’.fraﬁﬁf&b:ld}zhr&ﬂglh iafz‘e@ A0 @Mayer 50 as a tensile stress.

omarlgéslgl% 83}’?5% Pﬁ%o@ (j‘ﬁtglﬁg glijﬁ.rs agcfa e } rgsaglrpatlvea éﬁ%{)dlmerg,ﬁ%}/er 40 is not
presanhahe tay¢ref sidirestlys thoeslayeddfe It ypt alogletente@hmm layer36 banpp@@e as a bulk

subs&‘f ] V@HBE; a2tzp éuﬁ&t& ﬁqgéagor%e%&m fe§§§ | ¥R tJE@&r@aEé @hnd’éﬂtensilé'ktr@ég @ue to the
di ment, set of trenches 36 can e enpty and th

Comlgbgé"é‘ﬁEaén fhe ﬁ‘étfoé’rsf“éﬁce aeptef Fith et 36 ¥ HeNhRs 3% enches
causes tensile stress less in |layer 50. Preferably,
setin 3i2 embodinieatn GBhB%Offﬁﬁncae‘se6 tartespeat twitt bizaod agivesgibnsan layer 50. In one

embgﬂ{xeglg Ikht@ sa nj;s‘ o, 6§§%f]?1 e reglc I}@E@Q@ﬁﬁ:ﬂﬁ)}ﬁ ﬁ%&g&rtlo g&ﬂ@ fet 32 of
trenqlmﬁéi Somgyirepsigsep cw éqrgeaqhawwe&trﬁnﬁé& applimsmaliEashet g rtain
locat@hs Akl 1R heddRPY Sl vhaiinf@n thin@ @ty Hahe@thtirt vexches 36. | f

tensile stress is desired in trenches 36, a

t h ed‘orrBarléelsSsu r féngt%{fﬁ 94 Ii’rgtjrnjalgig&t&hs Crg gﬁm§t§g %O E%E)%@ng eﬁ[ottom surface of
layevrwwrarda laye 40 Tp enwbpcinz@tg s¢t A3 pletegprhest36 ﬁFt%lﬁ*ﬁ the ¥RBiedEer 40 (e-g-»
trenchEbSBkadH boM PR fadd %pl@ﬁ‘k hd)om aﬁcﬁ%@f@odl&eﬁﬂ, tYéHed B6GRIGSRS a distance 75%

of thl(a: gegmogﬁge}r é(? rPSe&erq%? gﬂﬁﬂes Péejr'e'r?d’o Ly reqng ce eII)’e S%ﬁerg)ly, ?a¥er 40 %ayer 50 and

layert 3@psipkegensenperion 2W0efpr sesRiohigenthey #yis @Onedf portion 20
stretches |layers 40 and 50. In an alternative
€ n@éi}érw trenche¥dEHavéOwii® ofBdm mo@@@fﬁngs@&qs dnd¥ @hgtPOF sk®ral microns.

ove er
ser gl Bt R e G 4 B s TBRUP S RBASR A B
sectignal shape evith ghe ng®@rerfportion bengabbdr vodayeetl divet 3¥aEpillapyBSoterdispesed between

trend.h«?s 39! rbqﬁfs 35 @Jﬁsble L)I%fe&t)lg/ fdve aq&)ﬂcﬁh dii tlty hﬁge?@ﬂﬂﬁ@v%ﬁﬁ@f $dubiRE 8. The length
tom surface associated wth set 32 of

he
of P‘P*F%??(fﬂ‘é@“% slightly leyeer o i s e lenaltf t8%hes3%¢ r enches 36
correspond to the size of active regions in |ayer 50.
| n Virteeferize i FIBURE 7 billdF IGERES 1% e farmadn bipodeh Rhie dacibed & follows.
In FI"G%%Qns%t ﬁ%@&&cﬂe??@efre é(gle&lﬂg pﬁb@ohﬂl%grgplﬁc%r&@sg LA Sad%@fde ﬁ Qr{d silicon
trenches 36. trenches can be larger than o he
mtﬂ‘%erhé‘ﬁérﬁ%@an @d‘?edé‘k@f%]f‘iémheé Al I t renches at certain
| ocati ons may be necessary to nmaintain the integrit y
-of nhectiesibyer phowdthegraphiCarapk s bd witizethel defineatencBes 36. The regions of the

actlvg {a? rgfr-lﬁ%s?llb%%r aﬁﬁcq'&?l??oﬁ‘@%gﬁgﬁ %L&L&f%lglg P n@tp(gﬁg Pﬂf&oﬁ!sﬁ’dﬁh ﬁ) the

t owar ayer In one
positiorgbigfnehenis, °n§"étba°’521d®1’fﬂl‘erl§ﬁ@f‘?és 36 extend aII t he way
to layer 40 (e.g., trenches 36 reach bottom surface of

I aweernc}(wae ard p’ﬂef&ﬁtﬁ))t hekd aalandichRfprocetssEOCRES 136 30 Xd L Rilicon) with
respeﬁp to ?AC ma 1121211 ofcl yer g)o sﬂgg:gne dlg)g(gg %P&}@éé es g’@ dre € che% in a backside of

r en C m Ccrons
layerP3p of ¢ mafer wa@mnglmomsa%he agigerpiehingRypaess B@etgrmine the depth of

trencﬂése.)g e.ﬂlttenﬁﬂveﬁtoﬂhg b6 g b RS ER R CISIRfer APan@tof 4t BHG B@SAIBEhali® trench
ormed. Pre t'?,bl y, .trenches 36 have a width of from

fom%tt?ﬁp’?ﬁeﬁﬁs RGBT Hﬂtr%{m?eég%t h of several microns.
Formation of set 32 of trenches 36 leaves set 33 of pillars 35 in layer 30. Pillars 35 are formed after
layers 50 and 40 are disposed above layer 30. Pillars 35 are preferably the same material as layer 30 (e.g.

silicon).
4
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Set 32 of trenches 36 can have a tapered shape. For
exanpl e, trenches 36 can have a trapezoi dal
wW@e@s»6xs1i onal shape with the narrower porti oPChEB2094/035417
Cl %1% refere ce?oyPFI‘éU}éQB c!) re‘?sgtle Igz;)fer FHHL lréx l%s §’65(Fﬂ1gﬁ{E 2) in a step 104 of
osegr% Ween t rench l'ars can
procqms éqoe Prafstaply Hreppeprgssixp mtﬂflaé B4ch At 4 cympraﬁsgé Flat?%wclt%g siticer Htride fills

trencﬁés 3k aﬁnﬁéﬂ%&&o pﬁmms@B gdshtidedd viath hbRhG 38 bwardfeatt Gker.DEhe
er or the sane, as

compyggs e} G Rt EPRRES o LA e oy Mg Fers 40 ans
50 ahop¢ rat i on of portion 20 is described as follows. In

FI GQURE 2, set 32 of trenches 36 are etched in a

p h %é?énhlt?@ Qg @Qb&n%r@!l@%?e%ﬁ or itR@nKhid € (Ln@&ﬁlgodmgt material 38 is

ilicon nitride hard mask can be used to form trenches

PECfi@S‘hﬂﬁ?né’E‘%et ve I ayer photolithographic mask can be

utilized to define trenches 36. The regi ons of the

ac tintateial 38y &rbe dépotid intkogeraphiyer ddpsiiot ppieasmbrsbyngasta@enhanced

I

cheﬁg?va%&%%ﬁglk&%r gepﬁfgeﬁ ﬁ%o%%l)no %Mtgf]algg%rgefaﬁlﬁ gaggg}?ckhégs grga%er than or equal
to orxﬁ/ﬁ%the witith@sedinies Wil trggelies B erf289-40900 phogstree@) prmose falflg/m a preferred

emb&ﬁrﬁéat B tInR GR&S F&SING Geidy@sitiéh padihetrs 30ndte@ial(hs canteSila®e (§iH4) +

he mat er i a f
ol bl A et ) R PRSPt ot ot g apopyy. anae
temparatymlﬁ H10ch0G f Prefexghlyy, m3igriah B8 napyeally Compadsee afteT¢ppositioghi ng
process can be a timed etching process to determ ne

t heygaptdneto PtIG@lE@ lh,@fﬁlteﬁﬁ 2% @IGgR]E afid Mﬁiaﬁ(zed Inhl%te@‘l@ﬁ"ﬂf Pidcess 100 to
roce S Can re . I . .sto .
oG IR T AP P R A BeR R Bt S B psapoe

plangrigedfipp chemmén@bt@sicqs BolislFe mrerkds onotlpk etghatg pBReso f t renches
36 | eaves set 33 of pillars 35 in layer 30. Pillars 35

ar awﬁ&%%%&e A IGURE A¥&RBS omn@m,af&% HRb&a Igdtaslgaaﬁ@ﬁpa tm H&ordance with
er era
o e ol ERROE AR o e sl BRI Fiedremeta

shape gitipmegsttvatio nadtiedy ddse ®né. i Th hpther carbodiment, 3@ pptFerGIRECRY] 34 is
providgd A ansénglg wiltﬁ)rélispgctt t(ptﬁé)lgt@xﬁﬁana- Q)Q sidd3 ro?fa% %)Jh){wn i FIGURE 6.

conpressive material, such as a conpressive nateri al

i ncl udi n SI|ICOﬂ ni e S nches 36 . and

shri? AIRE™PS s Pt fitten ?Ség I“%‘%‘Bﬁt?féff S N (e P@W@ﬁ@é’a@é‘l As
discis@walfosls wigareforemt SFIGURIA & setGRPf tesghies/3s camihaude &bncligs @ Aitageus aizes.
Somg QMe ﬁiﬁ Hﬁrs %15}@1‘ f(‘) chrnbe sﬂ)ﬁﬁeE orA}QgéMHaI?ahepJ (ﬁﬁfén{'ﬁﬁ?up%n des1gn lcmterla For

Strarn on layers
exaﬁg)!? %Péﬁ WB@T maycbg Fﬁﬂ\wég & t‘?étrq;pgfr g} Ce{ﬁm %ortltﬂmi qnp bave ﬁlﬁatllérrtfeacrhes in particular
regldnmfoﬂiﬁegrﬁﬂmhdhdﬁ’&}&tpatteﬁﬁklﬁiwma‘ﬂ F1§8esl485 cRicke\ByeRed withalie locations for trenches

36 ( ater1a1 ?beel sw1 cElelzda%;!/lth:'t)’hse lo%gtﬂ)npﬁ)r ﬂﬁ SO%I ted in a confornal
Ty deposi rocess such as by plasnma enhanced

chem cal vap or %gosn tion or S%Htter deposij ti on.

MatVeigh referesg todﬁl(érfl &ipPioss oYt eithe BechgricebyErm fonaldiigpal
comREiad strb€3. RIGs Jlkﬂ)b(ﬁlméﬂ'ﬁ,@reﬂﬂh&t% caB emptat GISfﬂ}AM {ith hat@ACI¥e System 58 can
be a %?1&? <rér rclryipg 31_1 ér%%lglaciﬁnﬁgeﬁl{, gy%\{% % 1§ 6)rov1d cﬂaDs S%t cng ;gclj\alge 1{t1f11lzed to house
portigeffosi ti on parameters of material 38 can be Silane

(SiH4) +

In another embodiment, material 38 can be a low thermal resistance material to increase heat flow

from portion 20. Low thermal resistance materials include silicon and/or metal.

It is understood that while the detailed drawings, specific examples, and particular values given
provide a preferred exemplary embodiment of the present invention, it is for the purpose of illustration only.

The patterns, shapes and sizes of trenches and pillars are not disclosed in a limiting fashion. The method and
-5-



Ammoni a (NH3) + Nitrogen (N2) using a pressure of
10- 1000 M1 1iTorr, an rfpower of 10-I OOOW and a
W(Deoqsmmsure of 100-500C. Preferably, material PGBUS2004/035417

anees B B den i i o oo gt S Sl &l A oo may

be msdeecpth&d)ﬁaﬂs) fisqhsaioatheut d@artingidnety wiriraf fhfrmwnﬂqamfb@tlmf@nﬁd by the

follow®lk camsOf Pillars 35 associated with set 32 of
{rénches 36. Material 38 can be planarized in a
chem cal nechani cal polishing process or other etching
process. Wth reference to FIGURE 4, set 32 of
trenches 36 can have a rectangul ar shape. In
accordance wi th another enbodi ment in FI GURE 5,
trenches 36 including material 34 have a square shape
or a rectangul ar shape with an aspect ratio relatively
cl ose to one. In another enbodi nent, the pattern of
material 34 is provided at an angle with respect to
the lateral and top sides of [ayer 30 shown in FlI GURE
6. In one enbodi nent, set of trenches 36 including
material 34 are provided in a waffle pattern. As
di scussed above with reference to FIGURE 1, set 32 of
trenches 36 can include trenches of various sizes.
Sone trenches and pillars in layer 30 can be snaller
or | arger than others dependi ng upon design criteria.
For exanple, an IC wafer may be required to be
stronger at certain portions and have smaller trenches
in particular regions for integrity. Further, the
patterns shown in Figures 4-6 can be reversed with the
| ocations for trenches 36 (material 34) being swtched
with the locations for pillars 35. Wth reference to
FIGURE 8, portion 20 is provided with a nmechani ca
system for additional conpressive stress. In this
enbodi nent, trenches 36 can be enptied or filled with
material 34. System 58 can be a spring or clip. In one
enbodi nent, system 58 is provided as part of an IC
package utilized to house portion 20. In another
enbodi nent, material 38 can be a |low therm
resi stance material to increase heat flow from portion
20. Low thermal resistance materials include silicon
and/or metal. It is understood that while the detail ed
drawi ngs, specific exanples, and particul ar val ues
given provide a preferred exenplary enbodi mrent of the
present invention, it is for the purpose of
illustration only. The patterns, shapes and sizes of
trenches and pillars are not disclosed in a limting
fashi on. The net hod andapparatus of the invention is
not limted to the precise details and conditions
di scl osed. Various changes nay be nade to the details
di scl osed wi thout departing fromthe spirit of the
i nvention, which is defined by the foll ow ng
claims. CLAIMS WHATIS CLAIMED I S: 1. A nethod of
manufacturing an integrated circuit substrate
including a strained | ayer, the

-6-
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met hod conprising: providing a base |ayer; providing

an insulating | ayer above the base |ayer; providing a
wa@essoasduct or | ayer above the insul ating | ayePCT/aRzN04/035417

formng a plurality of pillars in the base |ayer. 2.

The method of claim1l, furthepieonprising providing a

conpressive material in apertures associated with the

pillars. 3. The nethod of claim2, further conprising
WHAT InGEAWNIED IS:he conpressive material until the base

| ayer is reached. 4. The nethod of clains 1, 2, or 3

wher ei n A hene df kdfuSacianein Sntdptabbti Bir@ft s 1RQAR g Astraned layer, the

The nethod of clainms 1, 2, or 3 wherein the

I@%ﬂﬁ?@%@?ve material includes nitride. 6. A substrate

conpri simgiding adeseddyered | ayer; and a base |ayer bel ow

the Stfadm&%lngaﬁyn%latﬂ?réyagoowﬁm@%epn a side opposite
the strained 1l ayer he trenches ucl ng stress in

the strdrovatpg aé%lfonduﬁm Ip¥ra akoyp'Ge frsatingleyegiaad m 6,
wher ei n fhiagngSiphadlined pilliay@nheibssedayst r ai ned silicon. 8
The nmethod of clainms 6 or 7, further conprising a
conpressive material in the trenches. 9. The substrate
of %l ai rihe Getpd @ clafmjl, fubrbqr coreniping BrpYidjnga dompicesiye pieipbin apertures
a%o&gaﬁwnﬂ%yﬁm%%n the base | ayer and the strained | ayer.
A substitute nmethod including a strained
sen1conductor | ayer above a base | ayer, the substrate
marsuf actThe edthby/of alained, hugtbler c@ipising plagtizigyt thdviomgreRive material until the
b%e%b& 8kity of trenches in the base layer; and providing
onpressive material in the trenches.

4, The method of claims 1, 2, or 3 wherein the pillars have a width of 2000-3000 A.
5. The method of claims 1, 2, or 3 wherein the compressive material includes nitride.
6. A substrate comprising:

a strained layer; and
a base layer below the strained layer having trenches on a side opposite the strained layer,

the trenches inducing stress in the strained layer.

7. The substrate of claim 6, wherein the strained layer is a strained silicon.
8. The method of claims 6 or 7, further comprising a compressive material in the trenches.
9. The substrate of claims 6 or 8, further comprising a buried oxide layer between the base

layer and the strained layer.

10. A substitute method including a strained semiconductor layer above a base layer, the
substrate manufactured by a method comprising:
etching a plurality of trenches in the base layer; and

providing a compressive material in the trenches.



