.18 DEC 2006 WD 2004/001798 PCT/ US2003/ 017824 A Sl LI CON ON- |1 NSULATOR DEVI CE
W TH STRAI NED DEVI CE FI LM AND METHOD FOR MAKI NG THE SAME W TH Pﬁdﬂ' Z'Aﬂﬁ
REPLACEMENT OF | SOLATION OXIDE 5 FI ELD OF THE | NVENTI ON The p r ad

i nvention MO8T3 the field of sem conductor manuf acl’Qﬂ?/F%??’/‘ﬁFﬁ%“ mor e
particularly, to the formation of strained device filmfor
silicon-on-insulator (SO ) deV| ces. BACKGRQJND OF THE | NVENTI ON The

advant ages of silicon-on-i RS HIGONON A0 ] or conpl enmentary

met al - oxi de- 10 seni conduf '. St its (1Cs) are well
docunmented. Typically, SO e&NGARIN JFEIMGESON 8 ired p-n junction
capaci tance between source/draln and a substrate by approxi mately 25% as
conpared to other conventional techniques for CMOS I Cs. Furthernore, CMOS
| Cs fabricated with SO technology have less active current consunption
whi | e nmi nt ai ni ng devi ce performance equivalent to that of simlar devices
f or med> onPBiEPI@Fs"ﬁ%ﬁWHQEStrat es. Other advantages of SO technol ogy

i ncl ude suppre on of the 15 short nnel effect ppr ssi on
body- ef f ect , Sr TS h R éﬁ‘@fht" q‘ﬁﬁf}fi Ptta micondigiop E‘?ﬂh‘@&t&“ga"t" 1ERV Bargcr‘#aﬂy%oft
errors. Aﬁhetfmatdevfameﬂ fryicellgdyr sfliom- ObatsulévrySCﬁp@maﬁsed equi pnent ,
technology is becomng increasingly nore popular due to the | ow povver
requi r enemiagkaRotig brspe edeNafiol PO devi ces. There are many di fferent
techni ques for formation of SO wafers. These include SIMOX, which is
separ ati on by iThpladwattemds ofygiénn-treiotvior 0§9D Wethedpgyb dmdéamgleingnianh onckpkpxide-

t echniique sérﬁ&onjlﬁtlﬁtr'@cnﬁ)s@ Dhtde R4 a&du@snaés}m% rwell %&uinéhtea BypRaty! g@ﬂecmgmda@ces

silicon |sI r qu ri es of XI tlon st s [ oV de
TLtor ol | R ph RhQBP BofiRel ooty S A Bl s 0 BB O

| engt h ande gfber eoninignglcteqhjigues Foir ERINSSIE's. dvethermorsy EME@S tIGs fabﬂ?ﬁ?‘bﬂy@ Sﬁirf?cbl}?%c’gﬂr ive
and sw t chbvagesp ediileOEuren Consurfplibs kvBile mmgt 3vied peptortilalnk Edui@RNY 6 @at 6F shifiilar

i mpor t ant acRaY ARk &l bBE%\ﬁc%ﬁ %139&%? 9ldyBitdsed oggb&*?ec Biof bl Bibhroildh LERL and

SW tch| ng perfornmance rg?a%,

per f or §ané rtjchanpeh offephapRIessipRE the rréfpct r?tﬁbiP‘lmiC‘% shr.ousmfnglwé‘amﬁfsélﬁ@inlemlw&s%een
provi ded sofferor Asalieldekay increSesiyt bsitetyadperbiipqiifieens 501 tehivldey Is lrcoing@treasibglai n
can be pr %&e%@gﬂabaﬁe&qm&yweyr@qﬁ&nﬁe §§th9gfh§feth§ of k@ film or tensile

stress of the silicon provide the isolati rL[
advant ages of S65f® TeERNSITEHY teahrauss for E’BPF“?“S‘ffa?%g’afe’?é'fhesﬁll@d}de YOG H%c fie

i nproved depaiie bpeploerderse teetoblbgyy Wafet Handing dlan@irheeioignefd forgfing emisolation layer

mobi | i2py. i DsuSNVAGR N i ki1 ORI 1ah AYEOIEh rids heL& ah@ox@daﬁlﬁ%@ps R pré¥ide Yokethl B@at@n

strained S|I|con filmin an SO device having silicon islands to

In standard MOSFET technology, the channel length and gate dielectric thickness are reduced to
improve current drive and switching performance. Carrier mobility of a MOSFET device is an important
parameter because of its direct influence on output current and switching performance. Accordingly, another

25 way to increase device performance is to enhance the channel mobility. This enhancement has been provided
in certain devices by straining the silicon film. A net strain can be provided by compressive siress of the
silicon film, or tensile stress of the silicon film.

It is desirable to provide the isolation advantages of SOI technology and silicon islands, yet also

provide the improved device performance achieved through enhancement of carrier mobility.

30 SUMMARY OF THE INVENTION

There is a need for providing a strained silicon film in an SOI device having silicon islands to
increase the device performance by enhancing the carrier mobility in the silicon film.
This and other needs are met by embodiments of the present invention which provide a method of
forming strained device film comprising the steps of etching recesses in a buried oxide layer of a silicon-on-
35  insulator (SOI) structure having a substrate, a buried oxide layer on the substrate, and a silicon layer on the

buried oxide layer. The silicon layer has trenches, and the etching of recesses in the buried oxide layer include



Jdncrease the device performance by enhancing the carrier nmobility in the
silicon film This and other needs are net by enbodi nents of tﬂﬁlrﬁﬁ]ﬁéant

i nvention which I‘OVI de a nethod of form ng strained device f
conpri si ng™MIRMLBE of etching recesses in a buried oxPEUSHOENTHE 3
silicon-on- 35 |nsul ator (SOT) structure having a substrate a bur| ed oxi de

| ayer on t bs and . a silicon_| ayer on_the bU]’I er. The
silicon | agc%? tﬁ‘ﬁ ﬁe’f%ﬁ?&g “thgﬂgc op fegere The ATRTSes & e l@‘B%dscg’él‘é R a’t“#tg See‘(’j" oxi de
| ayer i nclfliefewith@ rpE@] DAGGIuIAD: ROMHG 017818 inPACHIWB2963/ 017824 et chi ng t hrough

the trenches i @ytdaecﬁg Joh@&r!helb@i/eﬁ'bmderl%r w&&&%ﬁ&edaﬂatehﬁnoﬁwot&qm%t@&ch@y er
and the trench e a naterial that_induces a net am)unt of

strain in 1%yﬁrém§| f ?’%’8?‘9 % gﬁ‘é‘f" 2 d@ife“{] T &5 9 RGeSt Far BT M SHILSHPAET Ty e r
wi t h ofhemitridstissdeposited ingp therecemprpurhibe pifiedsdxidaiaperian thetencbéslin thosilicon layee Chavgiyg be

i nduced t Qheﬂft@éﬁhldﬁll @hﬂ%esﬂhé @rgouﬁ\;@&l Rpe Qf stRRdsdety &eethJr 12l ©F SompFeive %ﬁ@sm?ﬂm? in
certain enb e i s_dep osited into the recesses a

buried oxi’tk e“ﬁesr@% R ﬂgesﬁf“f‘ Shieh é‘é‘c‘tnr}a% Slewp) Pt ARygHon ’é?*i’éf’ﬁ@fl Hegdetvt‘i%

mat eri al wPldrmankeehy gehatcing the pipuet mabilith i yhp 80Tdevigs thatss cregedch as either tensile
gr | Icgrrpr FZ siveTsd 5@[&5 statbd@bds a@éafri])stq thefl%}é Eﬂ&gﬁﬁ%ts @f:g{)/ gxgseﬁfmv%ﬁt{oﬁ“w'ﬂlcﬁ Broglh}ﬁa

per f o?ganc%{m%l'on'ms ”é?‘?m‘g‘?et’ e ﬁ‘éiaﬁ‘f‘?g P ??B%II‘? - PP ’i‘?atsﬁlﬁméeﬁ“d ﬂ@W{Oé%de AP ar e
creat ed. T*I'?éu‘éﬁaﬁft isélponsﬂﬁlti%@e Preddsd omthe barled oxidelayeh hesisordislamdn trs sehratehigom
present i RuARLbR i3 BB bﬂre@meaye haél-the§deJ alest@ uR&r IO S, AlQeribISN dhe EMEE

wi th straipg ilicon f isin st.rat. nd a buried oxide |ayer
on the suEsttger% | &nsglaﬁemall%létgctn a a Ométroem 6’\/ e glﬁondﬁan%he buri ed oxide |ayer.

The silicon is F&%@g%en%etfafeweﬁawewpd wantiers hibe prigt iraqation Wilh bechg sl

oxi de 1bay eppalkaSromaReB i dbtiRE tdsdfiptidhhe the pREnGARSion AhdiRIEH ih ddnjuhétoh Sith e
recesses a@c@ﬂa& dg,g}gt% this material inducing a net anpunt of strain in
the silicon an Fie foregoi ng and ot her features, aspects and

advant age invention will beconme nore 15 apparent fromthe
foll ow ﬁg%éﬁFa¢4§§HB’3§C§§$$BﬁWWG§he present invention anﬁ taken in
conj unction wi t:ttmthfels @9&9&%@%&%&%@ angrgcmﬁRtoEF JRE&%LE&@@%% Iédlée

DRAW NGS Fi gure schemat| c, cross-seéection of a precursor

si li con- of%% ﬁ‘*gﬁ?aﬁwrdtﬂe@I}he&BWéts of e EVBHP% N accor dance wi t h
enbodi2lent s of Fishre 2 gepesdnbmicuneenfFigonl af@lrehihgiine b2endeipil Bitoshd shieondgyensafoun e of
Figure 1 aﬁlt(ﬁﬁslatngsenches have been etched |nto the silicon layer to form

silicon island i.0 shows estr of Figure 2 after the buried
oxi de | ayer ha% gﬁrg 3 ‘éﬁ%‘t's 'ﬁ YR H’EE “re&n t‘”ﬁd”“g?g‘ £ hf‘snbeﬁ‘bﬁtiibrﬁ%ia‘{‘ﬁtﬂ@“w th

enbodi rrent“%detﬁ‘““tgweh’pv tegadrnceivifly enphtoflipnts qiltfgmeeenféln‘stmws the structure of
Figure 3 fol | ownlghg 4t ewd@pasibiile @F FRGE 3pfoﬁ<51ﬁﬁg| #&ladpodioR fancBRMabiRlion &Sunother

mat er hal , .n ﬁ%é%ﬁq(%n%% t he present Invention. Figure 5
depi ct's t Re Structure of bOdlmgrPSAf’%]F r@?enté%vrerlf)oet ed devices are forned on the

silicon island glgurp ﬁ depicts the structure of Figure 4 after completed devices are formed on the silicon islands, in
accordance with embodiments of the present invention.

Figures 6 and 7 depict a method for reducing gate diclectric leakage by differential gate dielectric
thicknesses.

30 DETAILED DESCRIPTION OF THE INVENTION

The present invention addresses and solves problems related to the improvement of device
performance for SOI devices. The present invention achieves this, in part, by the partial replacement of the
isolation oxide underneath and between the silicon islands by a different material. In certain embodiments of
the invention, an undercutting etch is performed through the gaps between the silicon islands and the silicon

35  layer to eich the buried oxide layer in an undercutting manner. Following the etch of the buried oxide layer, a
material is deposited within the gaps and the recesses formed in the buried oxide layer. The material is chosen

to provide a desired amount of stress, either tensile or compressive, into the silicon islands to induce a net
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may be employed to deposit the material 24 into the recesses 22 and the trenches 16. The material is selected

according to the material’s intrinsic properties that will affect the net amount of strain induced in the silicon

30  islands 18. As an exemplary material, nitride may be used to fill the recesses 22 and the gaps formed by the
trenches 16. Due to its intrinsic properties, nitride provides a tensile stress in the depicted structure of Figure 4.
Other materials may be chosen that provide different amounts of tensile stress, or a different type of stress,
such as compressive stress. Those of ordinary skill in the art may select the appropriate material based upon
the intrinsic properties of the material to produce a desired amount and type of stress.

35 The material 24 is planarized by a conventional planarization technique, such as chemical mechanical
polishing (CMP), to produce the structure of Figure 4. The stress provided by the replacement material 24 in
the structure of Figure 4 induces a net amount of strain in the silicon islands 18. This net amount of strain
modifies the electrical properties of carriers in the silicon film in the silicon islands 18. Hence, the device

performance of the SOI devices that are subsequently formed will be improved.
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3. The method of claim 1 or 2, wherein the step of etching the recesses includes

etching undercuts underneath the silicon layer .

4. The method of claim 3, wherein the step of etching the recesses includes

isotropically etching the buried oxide layer .

5. The method of claim 4, wherein the material is nitride.

6. The method of claim 1 or 2, wherein the recesses are etched only into the trench ,

and not the buried oxide layer .

7. The method of claim 5, further comprising planarizing after filling the recesses in

the buried oxide layer and the trenches.



5. The nmethod of claim4, wherein the material is nitride. 6. The nmethod of

claiml or 2, wherein the recesses are etched only into the trench , and
not the buried oxide layer. 7. The nethod of claimb5, furthet8dbhplhsing
planarizing after filling the recesses in the buried oxide |ayer and the

trenches. 5 18 DEC 2006 8. The nmethod of claim7, further conprising
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1 or 2, wherein the net anbuht conpressive. 10. The

met hod oflicohdayer.l or 2, wherein the net anmpunt of strain induced is tensile
stress. 11. The nethod of claiml1l or 2, wherein the substrate is a bul k SO
wafer. 12. A silicon-on-insulator (SO) device with strained silicon film
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i slands on the buried oxide |layer, the silicon islands being separated from

each ot lkempsgssiyaps , the buried oxide | ayer having recesses above the
substrate only and directly under the gaps ; and a material filling the
recesses and the gaps , the material inducing a net anount of strain in

the sili@on i'Meamehod oflaihhE 05D wheMirt theliet Ghidiufit 3L sthdif ilRiced ¥MRAsiRI NQ

seni conduct or devices on the silicon islands . 14. The SO device of claim
12, wherséess.the material is a nitride. 15. The SO device of claim12,
wherein the recesses include first portions that are directly underneath

t he gaps and second portions that are underneath the silicon islands . 16.

The SO wevi CEheahethbdbfitldizn 1 \Whe) héreinthe bR ABESa bulkl SOlewafegler cut areas in
the buried oxide |layer that extend underneath portions of the silicon
i slands . 5a

12. A silicon-on-insulator (SOI) device with strained silicon film, comprising:

a substrate ;

a buried oxide layer on the substrate ;

silicon islands on the buried oxide layer , the silicon islands being separated from
each other by gaps , the buried oxide layer having recesses above the substrate only and
directly under the gaps ; and

a material filling the recesses and the gaps , the material inducing a net amount of

strain in the silicon islands .

13. The SOI device of claim 12 further comprising semiconductor devices on the

silicon islands .
14. The SOI device of claim 12, wherein the material is a nitride.

15. The SOI device of claim 12, wherein the recesses include first portions that are

directly underneath the gaps and second portions that are underneath the silicon islands .

16. The SOI device of claim 12, wherein the recesses include undercut areas in the

buried oxide layer that extend underneath portions of the silicon islands .
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