SOY Chip with Mesa Isolation and Recess Resistant Regi ons CROSS- REFERENCE
TO RELATED APPLI CATIONS [000 1 This application relates to the follow ng
co- pendi ng- and commonl y assigned patent applications: Serial No.

10/ 379, 873, ‘entitled "Method of Fornming Strained Silicon on Insulator
Substrate,” filed March 5, 2003 (Attorney Docket No. TSMX02-1384); and
Serial No. 10/384,859, entitled " SOT Chip with Recess-Resistant Buried

| nsul at or and &Eéﬂgﬂ] I\/guufa uring the_Sanme,"” filed March 10, 2003 -
(Attorney Dock i spith MespEsolatinnand RegesscResistantRegiomseby

i ncorporated herein by reference. TECHNI CAL FI ELD [ 0002] The present
invention relates generally to silicon-on-insulator devices, and nore.

particul of .the present invention relates to
~silicon: %%&%ﬁ%@ibﬁ&g@% ﬁvgé%jy" I%h%a isol ation where
recess- sta egi.ons are incorporated in the insulat or regi on. :
BACK(RO@R@ ] oonlté] an‘Ll%ﬁ'“PP gHales ithy @ﬁﬂwwqor@a i8¢ gpd qomepgnly assigged patent
circuits are fornped substrates.. A cross-section of -a
si | i con2RPHCRtipDE Sarish N@ s}©/3)79§aﬁs¢tnﬁlﬁ@fb Methpd of Fargpéner YradngdiSili@ngoresudater. SO
substrates typ| cally have a thin layer of -silicon 12, also known as the
si | i conSehstratge filedyMarch 5A08p 64 BeineynDagket NsuTﬁtfiﬁﬂZ-Il&&tErmﬁéSmbmo as the buried
oxi de (BOX) |ayer. The insulator layer or the buried oxide |layer 14 is
pr ovi detll/o8%, &b 9sedtitied hSOUDBIprveitheR dobss-Hevestdnt Buged xilaker hraideihdd of s - 1
Manufacturing the Same," filed March 10, 2003 (Attorney Docket No. TSMC02-1385), which

applications are hereby incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates generally to silicon-on-insulator devices, and more.
particularly, the preferred embodiment of the present invention relates to silicon-on-insulator

Al
devices isolated by mesa isolation where recess-resistant regions are incorporated in the insulator

region.
BACKGROUND
[0003] Traditional silicon-on-insulator (SOI) integrated circuits are formed on SOI

substrates. A cross-section of a silicon-on-insulator (SOI) substrate 10 is ilustrated in Figure la.
SOl substrates typically have a thin layer of silicon 12, also known as the silicon active layer,
disposed on an insulator layer 14 such as the buried oxide (BOX) layer. The insulator layer ot

the buried oxide layer 14 is provided on a silicon substrate 16. The buried oxide layer 14 is
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conprised of an insulator such as silicon oxide. It electrically isolates
the silicon active layer 12 fromthe silicon substrate 16. [0004] In a
conventional SO01 chip, as shown in Figure |b, the SO substrate 10 is
processed to forma plurality of active regions 18 in the active |ayer 12.
Active devices 20 such as transistors and diodes nmay be forned in the .
active regions 18. Active regions 18 are electrically isolated from each

other b j e} .- The size. apnd pla t gf the.activ

ot ons o ReR bt LAl A EnclS e AdREaR, BB e losh AERINESE ey,
for exaggl§ bF forggg gf shal l ow trench isolation (STlI). Mreover, the
active U&Yitheulicty sUpsHAedS) ated fromthe substrate 16 by the buried oxide
| ayer 14. [0005] State of the art shallow trench isolation structures

t ypi cal jogod)ave Ia agb@vgoral KO E186,88 §ho‘v§x2inf?}1i%dr@?b,it§@$@f 4B RE 9€is ASceslt@Wn i n
Figure I b_ This groove-like recess 32 results from comonly used wet-etch

pr ocessgsoand phdgitf SCRE: lefiohd1 § RGhs ARIE la?tffr 122 N8otiy d@vi%’%‘?dbﬂ&g £d

angstrons bel ow the surfacé of the active layer. en t thlcéness of the
active | aver i s 9Pt BE s ARgY 1ol . ve- | ke reces
potentially encroac egm?ngo #ﬁeIﬁg??%g%%éﬁﬁglgh%&n?%%%g?égga¥§Wﬁ%V?ﬁYhe STI
i neffectli i-n_protecting the buried.oxide . fro ei ng et.ched .duri ng wet
cl eani nléc’lét?egéré’gge@g‘? O%rbé’g@%%}fontrﬁ%o?%& surs %@@?@%@@%‘é’%ﬁ&ﬂcﬁ‘ﬁ& ¥8PMal so be
recesse&%3 Iﬁﬂﬁﬁﬁ%s'd%ggre t he ih@lk@m1trench isolation i s exposed to an
excessi VeATEABHRF DEASOREPT ERERS o SR eEiaR reetqns 22 gy, fongragele beitorarsgd ot ched,
resulting in an exposed buried oxide between active regions. [0006] Active
devi cesShRBeHrEgnisodrtion{§HR+ Merewen feaetividpyicasivhire sgtatetijem thembpirdse| k
counterparts, including absence of reverse body effect, absence of
| at ch- ufﬁ, bysthe purgadragideilatten bd-t v, .

[0005] State of the art shallow trench isolation structures typically have a groove-like recess

32 at the isolation edge, as shown in Figure 1b. This groove-like recess 32 results from

_ .con_lmonly used wet-ctch processes and the recess is in the .range of tens to a two hundred

angstroms below the surface of the active layer. When the thickness of the active layer is about

one hundred angstroms, the groove-like recess potentially encroaches into the buried oxide and

therefore renders the STI ineffective in protecting the buried oxide from being etched during wet

cleaning processes. Moreover, the top surface of the isclation' may also be recessed. In cases

whete the shallow trench isolation is exposed to an excessive amount of wet-etch processes, the

—_

STI may be entirely etched, resulting in an éxp_osed buried oxide between active regions.

[0006] Active devices formed on SOI substrates offer many advantages over their bulk
counterpm'ts; including absence of reverse body effect, absence of latch-up, soft-error immunity,
and elimination of junction capacitance fypically encountered in bulk silicon devices. SOI

technology therefore enables higher speed performance, higher packing density, and reduced
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and elimnation of junction capacitance typically encountered in bul k
silicon devices. SO technol ogy therefore enabl es higher speed

per f or mance, hi gher packing density, and reduced -2 power consunption. At
present, commercial products using SOT technol ogy enploy an uniform active
| ayer thickness and shallow trench isolation. [0007) One type of SO

transi stor enploys a very thin silicon active |layer. For exanple, the
silicon active layer thickness can be as thin as a third of the gate

| engt h. pdbertcb@sugiption. | ANGEBnl SordfercAMprolifk®s Sdihd SONtedol Ryhave a
t hi ckness of 10 run or rliti}hi nner . 'Ilhi gi)rtoype ofl éSOT etranogsgb%}/d%{ag kngwn as

ul tra- t jije ROEVHCEIR) add RAR) &%ﬁ is%[altﬂﬁpl eted-substrate transistors (DSTs).
¥ ol

[ 0008) 'Then“the thickness o e silicon active layer is as thin as 10
nrn, nmesa isolation could be a nore appropriate isolation schenme for the
transi sko8i7d as @eripeercd §Of trasdsidr epvplaysenvety thirsglianiaotive leyernEsaesiasplia@tieon,
trenches 24 are fornmed in the active layer 12, as shown in Figure 2a. The
't r enchesli@4 aetitedayks fhidkmedskean buas thines afthitef the faty Benbiy &f thd Jatederddlieisbor i ed

oxi de | ayer 14. These trenches divide the active layer into silicon islands

or silimo/theEiconsetitdbytt afy 2ave diecknR 9210 56l Rihinfer MehitegheJTgdicut s _
el ectrical connection between adjacent active regions by renoving portions

of the @gkisieisIAYGh ad MirhA8n BOdy @D UaRbiSors AL P %sﬂ%{e%anggtgm . the

mesa isolation is that the exposed -buried oxide | ayer ‘surface wi'll be
recessed in subsequent chemcal treatnents such as wafer cleaning steps.
This 18882 i s Whanghethiskesss phithepidiopreaciive layheis petemaxel) urmesd islitde resul ts
in a nunber of problenms. For exanple, it leads to an increased parasitic
capaci t@nbkbelranove epprofréatsintistionedeberagifbr mhet tednsisiorsess compared to shallow trench

isolation. In mesa isolation, trenches 24 are formed in the active layer 12, as shown in Figure 2a.

The trenches 24 extend from-the surface of the active layer 12 to the buried oxide layer 14.

These trenches divide the active layer into silicon islands or silicon mesa structures 26 . The

mesa isolation method thus cuts electrical connection between adjacent active regions by

removing portions of the active layer in the SOI substrate.

[0009] One major problem of the mesa isolation is that the exposed buried oxide layer
surface 28 will be recessed in subsequent chemical treatments such as wafer cleaning steps. This
issue is illustrated in Figure 2b. The recessed buried oxide results in 2 number of problems. For
example, it leads to an increased parasitic capacitance between the substrate and metal lines
running over the buri_ed oxide. It also leads to a concentration of electric field lines around the

exposed comers 30 of the silicon mesas 26, which potentially impact device reliability.

[0010) In U.S. Patent No. 5,904,539 issued to Hause et al., a trench isolation process is
described for imi:}roving the overall planarity of filled isolation regions relative to adjacent

silicon mesas. This approach is similar to shallow trench isolation. .



runni ng over the buried oxide. It also |eads to a concentration of electric
field lines around the exposed coners 30 of the silicon nesas 26, which
potéentially inpact device reliability. [0010] In U S. Patent No. 5,904, 539
issued to Hause et al., a trench isolation process is described for
inmproving the overall planarity of filled isolation regions relative to

adj acent silicon nesas. This approach is simlar to shallow trench
isolation_ -3 [DD11] In U S. Patent No. 6,410,938 issued to X ang,

sem conductor-on-1nsul ator devices isolated by a nitrided buried oxide are
descri bd®#lbr t heUreditentiNm 6410,98hiasted peKeng atmimonfucton dnbiesulaot dewicel ayer
into the buried oxide. The nitrided buried oxide is forned by an

i npl ant asdlged bf a nitided bgewl idenid dagénd danbatedighnPdops pslai@itghréhehe

sem conductor active layer to reach the buried silicon oxide [00121 In

U.S. Pataetite Ibiper itfio 4@3u6&d oxides U niteldddSbiried ok ROBrh& 1Y AMibestdigh ofmpr ovi ng
the electrical isolation in SIMOX buried. oxide wafers. In that invention

ni t r ogemitdpes oPhiGoidiRbaRlngg splad?ésflhl%u%@fh%rserﬁﬁoﬁc[m{d?)é&tf@tlﬁle}[ d AgcS@pe depth.
as oxygen ions are inplanted during SI MOX processing. A suﬁsequent heat i ng
step cayggsd dif&nkdde00en ions to mgrate to the interface region between
the buried oxide and the upper and | ower sem conductor regions of the
substrate. The nitrogen passivates the interface region to reduce the .
pr esencd0E] bur Ireld.Sf Patent dloe k#6861 issuap peidsi, A methvd isplosided e imBdvividRNe OF THE
| NVENTI ON 10013] In one aspect, the present invention provides a

si | i con-eltricalssilatonrin SINIQXWutikd éxide wafers. In that invention, nitrogen ions are implanted

into a wafer to approximately the same depth as oxygen ions are implanted during SIMOX
processing. A subsequent heating step causes the nitrogen ions to migrate to the interface region
between the buried oxide and the upper and lower semiconductor regions of the substrate. The

nitrogen passivates the interface region to reduce the presence of buried free electrons trapped in

the substrate.



recess-resistant insulator in the isolation regions between silicon nesas,

I n anot her aspect, this tn invention provides a buried insulator with a
recess-resi stant layer that has negligible etch rates in comonly used wet
cl eaning solutions. In yet another aspect, this invention .provides a
silicon nitride recess-resistant |layer in the buried oxide of a
silicon-on-insulator substrate, 10014) In one enbodi nent, a

recess-resi stant sem conductor-on-insulator structure includes a substrate
and an insulator |ayer overlying the substrate. Semiconductor islands
overlie rti t i i nsul ator |ayer. Recess-resistant regions
are dis5§§Q5A33§953ﬁﬁﬂggﬁgﬂﬁpﬁg i nsul at or Igyer not covered by the °

sem donductor islands. [0015] A nethod of forming a recess-resistant

sem conductor-on-insul ator substrate is also descrlbed For exanple a
sem conBi&lor Storoe pERcel theresed SveRRTIBRdLRSE! ’QOET%WI%WWWHB portions
of an insulator |ayer. Recess-resistant regions are formed in portions of

t he i nstfcassgpsistimyasplaipsin hevselaben rpgionk betyerr Sotrauntset Inspehasasp@avhises,

such as transistors and/or diodes, can then be fornmed on the semconductor
i sl ands invfzﬁt@m@}ow@wrhﬂﬁn@insdatenwmlh neptsgeostati hayepthesimmegligivln eichmatemin -~
recess-resistant layer is provided in the buried insulator of a sem
conduct esmmonly msad wét@leamag esluticms. (Theetpusthasepat, this ésieniial progidehesiigaaunt  of
recess in the exposed insulator during wafer processing such as wet

cl eani ngitde reekreSistant idr it e BYAEQd iU iaGilREh Gn-iddul HorGaBstig. | Mpor t ant where
the nmesa isolation schene is adopted in the fabrlcatlon of a

sem conduct or-on-i nsul ator integrated circuit chi
conduct BP38n- i ngwraeBPodimegd %@&rﬁﬁt@ummlewdﬁg%ﬁwwl% stputgdaciudes

i sol ati on schene have ) i ] ) ]
a substrate and an insulator layer overlying the substrate. Semiconductor islands overlie portions

of the buried insulator layer. Recess-resistant regions are digposed in portions of the insulator

layer not covered by the semiconductor islands.

[0015] A method of forming a recess-resistant semiconductor-on-insulator substrate is also
described. For example, a semiconductor structure includes semiconductor islands overlying
pbr'tions of an insulatof layer. Recess-resistant regions are formed in portions of the insulator
Iayer not covered by the semiconductor islands. Devices, such as transistors and)or diodes, can

then be formed on the semiconductor islands.

[bO'l 8] According to embodiments of the present inﬁention, a recess-resistant layer is
provided in the buried insulator of a semiconductor-on-insulator wafer for the purpose of
restricting the émount of recess in the exposed insulator during wafer processing such as wet.
cleaning of wafers in dilute hydrofluoric acid. This can be irﬁportant where the mesa 1solation
scheme is ado;ited in the fabrication of a semiconductor-on-insulator integrated circuit chip.
Semiconductor-on-insulator integrated circuit chips employing the mesa isolation scheme have

exposed buried insulator surfaces. The exposed buried insulator surfaces are susceptible to

5.



-|Ilustrates a conventi

exposed buried insulator surfaces. The exposed buried insulator surfaces
are susceptible to -5 chem cal attack or etching during wafer processing.
This invention teaches a structure and nethod of formng a
recess-resistant region in the insulator in regions that are susceptible to
chenical attack or etching. BRI EF DESCRI PTI ON OF THE DRAW NGS [0017] For a
nore conpl ete understandi ng of the present invention, and the advantages
thereof, reference is now nade to the follow ng descriptions taken in

conj Uncéﬂeﬂpca%&alak Ep&d‘llg% &19%@%@(&@)90(:@% PGhis nfeifdh 6achdsQQL8knfi gdre la

substrate;” [0019] Figure Ib illustrates a

convent 1 oher ok %3?ece£q-r%§&11 lg%éé}[ﬁt@@mkdl%tggl%ffé E&stﬂat%?%%ﬁﬁ'ﬁl%@ O device

W th S|W1con|

S in an ac ure ustrates
recesse a; uri X|de of a conventi on SO deV|ce [ 0022] Figures 3a
and 3b ey gfe wdi ment structure of the present inventioh, [0023]

Fi gures 4a and 4b show a second enbodi nent structure of the present

i nvention; [0024] Figures 5a-5h show a nethod to forman SOT device of the
present invention; and [0025] Figures 6a-6d show an alternative nethod for
formng an SO1 device of the present .invention. DETAI LED DESCRI PTI ON OF

| LLUSTRATI VE EMBCDI MENTS [ 0026] The naklng and u5|ng of the presently
preferred enbodi nents are di scussed in detai
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bel ow. It should be appreciated, however, that the present invention

provi des many applicable inventive concepts that can be enbodied in a w de
vari ety of specific contexts. The specific enbodi nents di scussed are
nmerely illustrative of specific ways to nake and use the invention, and do
not limt the scope of the invention. [0027] The present:-invention wll be
described with respect to preferred enbodi nents in a specific context,
nanely a silicon-on-insulator (SO) sem conductor device. Two enbodi nent
structures wll first be described with respect to Figures 3a-3b and

. 4a- 4Db. %rret hods will then be described with respect to Figures 5a-5h
and a t hPREERPERERINGION QB THESRRABENGS th respect to Figures 6a-6h. [0028]
Figures 3a and 3b will now be used to illustrate a first eibodi ment of the
present invention. As shown in Figure 3a, an SO01 chip 110 incl udes

sem cond®®idr neliu g mare renplptd andergandinpaf thy presenbinaendionS andrthd bvastapest r at e
116 by a buried insulator 114. The substrate 116 is preferably a silicon
subst r at derep refesentrit vow arde totbp &dlowing deghrtptiynialoain omjasdtsatvatt thae silicon
substrate can be utilized. [0029] According to the present invention, a
port.i on efcompanyingrdrawinpnawladhor 114 includes a recess-resistant region. 134
that is resistant to commonly used wafer wet cleaning solutions. That is,
t he etchoé@ée of .t he rfl\cess-resi stant region 134 is extrenely slowin
comonl yO3&ld war@pe W tiusiEgtesaropyendign §Of S¥stats: t hat the total anmount etched
iis negligible. The thickness of the recess- resistant region 134 may range
from abopb1s} angsiure s ilheraRodond@Rica @3 iEARE, and is nore -8

[0020] | ‘Figure 2a illustrates a convention SOI device with silicon islands in an active layer;
[0021] Figure 2b illustrates recesses in the buried oxide of a convention SOI device;

[0052} - Figures 3a and 3b'show a first embodiment structure of the present invention;
[0023] Figures 4a and 4b show a second embodiment structure of the present invention;
"[0024) Figures Sa;Sh show a method to form an SOI! device of the p_resent ipvention; and
{0025) Figures 6a-6d show an alternative method for forming an SOI device of the present
invention. -I -



preferably |l ess than 100 angstrons (e.g., from about 10-angstrons to about
100 angstrons). The recess-resistant region 134 is forned on the buried

i nsul ator layer 114. [0030] The buried insulator |ayer 114 can be a
dielectric material such as silicon oxide, for exanple, and may have a

t hi ckness rangi ng from about 100 angstrons to about 5000 angstrons. One
comonly used wet cleaning solution is dilute hydrofluoric acid. Dilute
hydrofluoric acid may, for exanple, be fornmed by a m xture of | part of
concentrated (49% hydrofluoric (HF) acid and 25 parts of water (H20).

This m re is._also commonly known as 25:1 HF. Another commonly used .
waf er cﬁﬁiﬁﬁﬂéDEﬁﬁﬁﬁi%ﬁ€5305¥%@9$TR%J?%EE%ﬁ%gﬁmpﬂﬁﬂﬁ% sul phuric. acid and
hydr ogen peroxi de, commonly known as piranha solution. [0031] The
recess-resistant region 134 is preferably conprised of a dielectric .

mat er i alo0%®at  Thagnakipgrapd usipgof tge Piggegtly giobtreedemblodimantssare diseusasronidptails ed
wet cl eani ng solutions such as the above-nentioned chem cals or solutions,
As -showpbelpy Rishanldke Faresistcddmwevire thauthe pees¢m swylentiar provides mewy 4cikde exposed
to common wet cl eaning etchants in regions not covered by the

senm condiwerior coregpts thiGnleenmbbdied nmeswige auretf of specific Theetie CESSspeafic St ant

| ayer 134 therefore mnimzes the reduction in the physical thickness of

t he bur embdimesd dit@Esed bie mdrel9 ipsexeRtos spdafic ok RinROaf usd 18 i8Rdriiogant
recess in the exposed portion of the buried insulator stack. [00321 In the.

prefer I’Q—Qi@rﬂé@%mmoﬁmtﬁ&ﬁﬁﬁoﬂ_ESi stant region 134 is forned from
silicon oxynitride (e.g., SiO,Ny). The etch rate of silicon oxynitride in

' 25:1 HF is about | to.6 angstronms per mnute. The etch rate of thermally

grown sioP3don dbbr @eesems immsationpyrillibs degstibed Widhrespash i prafesed pghedimentsdue 100
angstronms per mnute. By using silicon oxynitride as a recess-
specific context, namely a silicon-on-insulator (SOI) semiconductor device. Two embodiment
structures will first be described with respect to Figures 3a—3i3 and 4a-4b. Two methods will then
be described with respect to Figures 5a-5h and a third method will be described with respect to

Figures 6a-6h.

[0028] Figqres 3a and 3b will now be used to illustrate a first embodiment of the present -
invention. As shown in Figurc 3a, an SOI chip 110 includes semiconductor mesas or islands 126
that are isolated from the substrate 116 by a buried insulator 114. The substrafe 116 is preferably
a silicon substrate. For example, an undoped or lightly dc-)ped monocrystalline silicon substrate

can be utilized.

[0029] According to the present invention, a portion of the buried insulator 114 includes a
recess-resistant regic;n_ 134 that is rcsistantrto commonly used wafer wet cleaning solutions. That
18, the etch rate of the recess-resistant region ‘134 18 cxt;'crncly slow in comﬁlon]y used wafer wet
cleaning solutions so that the total amount étched is negli‘gib!e. The fhickness of the recess-

resistant region 134 may range from about 2 angstroms to about 200 angstroms, and is more



resi stant region on the exposed surface of the buried insulator, as
illustrated in Figures 3a and 3b, the recess in the buried insulator can
be reduced by nore than ten tinmes. Selection of other materials could | ead
to different differences in etch rates. -9 {0033] In another enbodi nent of
the present invention, the recess-resistant region 134 does not need to be
the topnost |ayer of the buried insulator stack 114 Referring nowto
Figures 4a and 4b, the recess-resistant region 134 may be forned at a

dept h dpRenea fess fen BOPRESbSUERAGRMm 36 manxgﬁ?ont&_ttp 1156k 1106 b eh%ﬁ’uﬁh‘?}a |

buried Insulator 114 is preferably conprised of silicon oxi y be

any ot hefedirgh @k FdofonSiughs feméd %gﬂg]éégﬁhﬁzatorﬁgﬁrqfft h. dis preferably

| ess than about 200 angstrons. I's preferably kept very thin to
limt the anount of recess in the buried insulator. The depth d may be
measur ef038om tHe byvied medatv8Byerd 1t lean peadicleafic thueriahsuch agshicaomntidd) foror
nitrogen profile in the silicon oxynitride region 134 100341 The

r ecess- exewipit, amt maehiven thidknessrabfing frombbditrie0 tangstrofis &f oabb000Sdnk iR,
oxynitride. The thickness of the recess-resistant region may range from

about 20angsimeTH uied vad QlhniRQbLRAGS B A By dréMericBciD TR Ikes ALY aLigss t han
about 100 angstrons (e.g., fromabout 10 angstronms to about 100

23 g i te r Oﬁﬁg?,.for'ré&@mﬁ%%‘e_sf%ﬁﬁé‘cﬁfbﬁ ADlurk 881 B oA hcMiBiteh g@@qﬂrdh{hxfeﬁg i(ﬁﬁf .
_ ptible to chenycal attack or etching, such as tfe“regions shown in
i s ol o s RSB R S
bt ween AR pREG R LleEnk SR R ARG Bin Relicobbrith Sudh e afiipe Lol o 7
hydrogen peroxide, commonly known as piranha solution.
[oo31] The recess-resistant region 134 is prefe;ably comprised of a dielectric material that
has very.slow or negligible etch rates in commonly used wet cléaning solutioﬁs such as the
above-mentioned chemicals or solutions. As shown in Figures 3a and 3b, the buried i.nsulafor
surface 136 is exposed to common wet cleaning etchants in regions not covered by the
- semiconductor mesas 126 when the mesas are formed. The recess-resistant layer 134 the.refore

minimizes the reduction in the physical thickness of the buried insulator. It also prevents the

formation of a significant recess in the exposed portion of the buried insulator stack. .

[0032]  In the preferred embodiment, the recess-resistant region 134 is formed from silicoﬂ
oxynitride (e.g., SiOxNy). The etch rate of silicon oxynitride in 25:1 HF is about I to 6
-angstroms per minute. The-etch rate of thermally grown silicon o_xide in 25:1 HF 1s more than
ten times higher, about 100 angstroms per minute. By using silicon oxynitride as a recess-
Tesistant region on the exposed surface of the buried insulator, as illustrated in F igures 3a and 3b,
the recess in the buried insulator can be reduced by more than ten times. Selection of other
- materials could lead to different differences in etch rates.

s



[ 0035] The interface between silicon oxide and silicon has a nuch better

| ower interface state density than the interface between silicon
.oxynitride and silicon. Good interface properties and |ow bulk trap
density can be inportant for the achievenent of good el ectrical
characteristics in the active devices. This is especially inportant in
active devices with ultra-thin body thicknesses, in which case the nobile
carriers flowi ng between the source and drain (not shown in Figure 4b; see
Figure 5h) are in close proximty to the interface between the actjve |ayer
126 angoisne biin aedher ambpdiment of 12, present inYeRHpR.dbe KepesspEFinh HEs! 69%har ge
centers near the, top of the -10 buried insulator nmay degrade the carrier
nobi | i t yotinBedtitb®e tHeaspiedst kagey ofthedfuriacinghlatoastadki H4bodsfering anyi te Figurggyta

Coul onbi c scattering. The low bulk trap density and a low interface trap
densi t yandenste eeckRiatsiambirtdisny 1 Hagsasabino aladepth dGondatinthe expmed twficng i s
kept to a mninmnum [O0D361 In the follow ng description, nethods of formng

t he aboyg; S | BRE thsSlkioH CTRY Kuridl idsulalde 1 detsqirdferdbly Aofiptisdd fitliedi neide, met hod
will be discussed with respect to Figures 5a-5h. An alternate enbodi nent

met hod el tb@%%ﬁf 8% rG!ﬁa&;thP h ak 203 HunRSH &L 1 TROapaVE tsrEfe@ibly88ssaBarbh,
gns t %e war er

.Cross-secti during the various steps’ of the fabrication
Serm conthret o BeRO8 as Ay 3 SRRl F i A . "the
heul at B orageRsy. (1 a4 rirr el OB AR Y RGO &) o
oo y SHRERATEIES: & PEGHR PEMABI T EO e HIEPLTIT That t he- seni conduct or
|l ayer 114 may be :
[0034] The recess-resistant region 134 in this embodiment is preferably silicon oxyniiride.
The .thickness of the recess-resistant region may range from about 2 angstroms to about 200
angstroms, and 18 ﬁore preferlably less than about 100 angstroms {e.g., from about 10 angstroms
to about 100 angstroms). 'i"he recess-resistant regions 134 are located in regions susceptible to
chemical attack or etching, such as the're,gions shown in Figure 4b. The material comprising the
buried insulator 114, e.g., ;;ilicon 6xide, is in direct contact with the semiconductor islands 126,

" e.g., silicon, and serves the purpose of providing a high quality interface between the buried

insulator 114 and the Sem_iconductor islands 126.

[0035] The interface between silicon oxide and silicon has a much better lower interface
state density than the interface between silicon oxynitride and silicon. Good interface properties
and low bulk trap density can be important for the achievement of good electrical characteristics
in the active devices, This is especially important in active devices with ulira-thin body
thicknesses, iﬁ which case the mobile carriers flowing between the source and drain (not shown
.in Figure 4b; see Figure 5h) are in close proximity to the interface between the actiye layer 126

and the buried insulator 114. For example, trapped charges or charge centers near the top of the
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conprised of other materials such as silicon germanium germanium or

gal | ium arsenide, as just three exanples, It is also understood that the
senm ¢tonductor layer 114 may be strained, e.g. strained silicon. The
strained silicon may be silicon with a tensile strain, and nore
specifically silicon wwth a biaxial tensile strain. The strained silicon
may alternatively be silicon wwth a conpressive strain, and nore
specifically silicon with a biaxial conpressive strain. [0038] As shown in
Figure 5b, a mask 138 is used to define active regions or islands 126 in

t he actbwizdlimyiator ih? deghhde thesknd3Bolithty i e @RMnBBZKioN 9f Aadlehitah bk@own and
used in the art, nitride, or silicon oxynitride. The mask 138 may al so be

formed @fnsisr 5%‘ 86HomBic GeattetinE | VH 1BE HALSHAp eBHty Hnli168 ke RE vQY 8EAsHi Ny a
silicon oxide |layer. [0039] Follow ng active region. definition using mask

138, th i : :d j i nd used in the
art-. If&¥ﬁgmggﬁfegﬁﬁg§%%é?¥ﬁggﬁg??gggﬁgggg%ﬁﬁggﬁgﬁgﬁéﬁﬁﬁﬁﬁn? pl asma etch

using fluorine chem stry may be used- The etching of the active |ayer 110

forms PPhchedn the dollvatimgdascrpitioncmeathpdsl e fictsnind 2y abreveshantongdstiticgus will5c.

[ 0040] The bottom of the trench 124 is the exposed surface of buried oxide
114. Atbedeiafied. poifintt pmbedjmemanahod Wil Hewliscasbed with eespdet 1o Rigests 8h-6hy ARel ow t he
exposed buried oxide surface nmay be converted to recess-resistant regions

134, asalehawrenbodiegtnhethsdlwillihen 6OALEION process nmay .be a nitridation
process, such as an exposure to-a nitridizing anbient at an el evated,

tenperature. The nitridizjing anbient nay be a gas anbi ent containing

ni t r ogef®¥heci Beferingdqovwipdustires Sangl croswgegtions of gerveate during thei arPeatiorsn

process fornms a recess-resistant region 134 conprising of silicon
of the fabrication process flow are shown. In Figure 5a, the starting substrate includes a
semiconductor active layer 112 overlying a buried insulator'léyer 114. The semiconductor layer
112 is preferably a silicon layer and the buried insulator layer 114 is preferably silicon oxide
(e.g., 5i0;). The silicon layer may, for example, be a thin layer of epitaxially grown
monocrystailine silicon. However, it is understood that the-semiconductor layer 114 may be
comprised of other materials such as silicon germanium, germauiﬁm, or gallium arsenide, as just
three examples, It is also understood that the semiconductor layer 114 fnay be strained, e.g. '
strained silicon. The strained silicon may be silicon with a tensile strain, and more specifically

silicon with a biaxial tensile strain. The strained silicon may alternatively be silicon with a

compressive strain, and more specifically silicon with a biaxial compressive strain.

[0038] As shown in Figure 5b, a mask 138 is used to define active regions or islands 126 in
‘ the active layer 112. The mask 138 may be any masking materia] known and used in the art,
nitride, or silicon oxfnitridc. The mask 138 may also be formed of

" astack, e.g., including a silicon nitride layer overlying a silicon oxide layer.

[0039] Following active region definition using mask 138, the active layer 110 is etched

using techniques known and used in the art. If the active layer is comprised of silicon, a dry
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oxynitride. [0041] The conversion process may alternatively, or

. addi:tjonally, be- an ion inplantation of nitrogen or nitrogen-contai ning
ions into the region to be converted into a recess-resistant region 134.
According to this invention, the mask 138 protects the silicon islands 126
fromreceiving the inplanted ions or from being exposed to the nitridizing
anbi ent. An anneal at a selected tenperature (e.g., between about 700 and
about 1100 degrees Celsius), and a selected tine (e.g., fromabout 1 to

about 50Qlsseens ﬁﬁingﬂﬂorﬁﬂ@!ﬁlh@ﬂ?Ha}(f bR sde L0 Eﬁﬁﬂ% Rgﬁ'@ aict‘i)vrt]z r% !1yr% ggtg%%i on

process forns a silicon oxynitride recess-resi st regi o The ion

i npl ant atyeRtheP17RACRPTcHBY; ! \/% i 1gns_at an inplant energy of
about 100 eIectron-vgltgc%ggzﬁg%r%%%%'Sﬁﬁukﬁﬁgp§FECtron-volts (1ceV) to

achieve an inplant-depth of about 10 angstrons to about 350 angstrons.
Such i on[GUAYI ant Bis koo thettiennls 1 24is tietexpoved siafdck 6ORurREYRid N deAf gg on 134
that is close to the exposed surface of the buried oxide. In general, an

i'on i npl apinkréstms of tha btuiaigeiideor] 4NinkfeABRLY: KW Belthkhhed BitSedhi GUlLILG S | Y
| ow energy, e.g. less than 10 keV, results in a recess-resistant regdion

that is beesnvting 16 wckagesifint tdodunh o WE-F'iFEde e 1§ ohplant may
be in the range of 1014 cm 2 ?%DlofG c§12. -15” 0043?E§§8?%%P§RF¥EEI?$%

AT e Pt e o R R e L T e
et TR B e R S8 L e T o
Se, tr e“ﬁt@,sor bdidrsaihe Hnjiéa%gn \lévriotcgssq’or‘ﬁ{s%r}gctésg—}elsilstiag regi%; 6135}1 ?Am}%‘i?ﬁg of silicon
oxynitride.
[0041] The conversion process may altefnative]y, or additionally, be an ion implantation of
nitrogen or nitrogen—containihg ions into tﬁe region to be converted into a recess-resistant region
134. According to this in_ﬁeﬁtion, the‘ mask 138 protects the silicon islands 126 from -rcceiving
the implanteq ions or from being exposed to thé nitridizi__ng ambient. An anneal at a selec;ced
temperature (e.g., between about 700 and about 1100 degrees Celsius) and a selected time (e.g.,

from about 1 to about 500 seconds) may additionalljf be performed. The ion implantation

process forms a silicon oxynitride recess-resistant region.

[0042] The ion implantation process may impla:it Ilitr;gcn ions at an implant energy of -
- about 100 electron-volts (éV) to about 10 kilo-electron-volts (keV) to achieve an implant depth
of about 19 anésixoms to about 350 a.ngstrorﬁs. ‘Such ion implantation conditions result in a
' 'Silicon oxynitride region 134 that is close to the exposed surface of the buried oxide. In general,
an ion implantation of nitrogen or nitrogen-containing ions at sufficiently low €nergy, e.g. less
than 10 keV, results in a recess-resistant region that is near the surface of the buried oxicie. The

dose of the implant may be in the range of 10" cm™ to 10" cm™.
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such as silicon oxide (e.g., Si02). The trench filling material 140

. protects the recess- reS|stant material 134 while the mask 138 is renoved.
Since the nask 138 may be formed froma material simlar to that of the

recess-resistant region 134, the renoval of the mask potentially renoves

the recess-resistant region. Therefore, as shown in Figure 5f, the trench

filling material 140 adequately protects the recess-resistant region 134

from being renoved during nmask renoval. [0045], ‘After the nask 138,is

renmoved, tr reaned

Fi gure Sék t- tﬁ?ﬁﬂjg#%%éag F@%ﬁ ﬁﬂﬁgﬁégﬁorag? §ﬁ%%§§£®qugoare

f or med. f uried 14 n the sjlicon
mesas 1 2%—%3]} leaorl%gﬂf ie%@tﬁang d I%tf(?)sn? fﬁ“é?fﬁ g"an %Q 5 be&:"ll & P%F Fersinggent s
whi ch arg E% Hca I ﬁ% before the wafer enters a gate dielectric
deposi ti 86 gP “E! retessFepistagigeeien tehis bgneath the pefase pbtheruried pxidet ch
into the buried oxide 114 and result in a recessed buried oxide if the

recess- r @sisyt antRfNLY nekORFIRAL 5¢ ﬁfe&%&}%‘é'flzr# bre fﬁb@uﬁtﬁ%%%ﬁcﬁ ﬁﬁtngh?éi'éﬂzh oAl

has.a very [ow etch rate in comonl y used wet cleaning i ons such as

di I ute hyghaeahQhiokidaed &, sid) ﬁﬁmé Rﬁte?lgpf&@ rggects Zefgcseg% éesF%s exposed

surface of the buried oxi de F0046 active VI Ces
129" A QrhE) SRR L TRASR %eae ttty rrtaar%'i TRy BF gpea fom %ﬁe?nez;fe-
convent | Saat RpsR tatstpi‘aeﬁ@%é‘sggeﬁ T“ee%?rtaﬁ B} B TS & <
thick nesrsmrégcr; e r%cgsg-?cg}sfambl? I'lé;[glog TEIerefore as shown in Figure 51, the trench ﬁllmg material

140 adequately protects the recess-resistant region 134 from being removed during mask

removal,

[oD45] .After the mask 138 15 removed; the trench {illing material 140 may be removed, as
shown in Figure S;g. At this point, the silicon islands or silicon mesas 126 are formed. The
‘regions of the buried oxide 114 not covered by the siltcon mesas 126 are protected from being ‘
etched by wet cleaning proeess agents which are typically used befofe,the wt:tfcr enters a.gate

' dielectric deposition or growth chamber. The wet cleaning solutions potentiaily etch into the |
buried oxide 114 and result in a recessed buried oxide if the recess-resistant layer does not
protect it. The recess.-resistant layer has.a very low etch rate in commbnly used wet cleaning
solutions such as dilute hydrochloric acid, and minimizes the amount of recess in the exposed

surface of the buried qxide.

[0D48] Ntaxt, active devices 142 are formed. Figure 5h illustrates the formation of a
transistor as the active device 142. A gate dielectric 144 may be formed by thermal oxidation,
chemical vapor deposition, or sputtering. The gate dielectric may comprise of a conventional
material such as silicon dioxide or silicon oxynitride with a thickness ranging from about 3

"
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angstronms to about 100 angstrons, preferably about 10 angstrons or | ess.
The gate dielectric my al so conprise of high permttivity (high-k)
" materials such as | anthal um oxide (e.g., La203; alum num oxide (e.g.,
A1203), hafniumoxide (e.g., H Q2), hafniumoxynitride (e.g., WON), or
zirconiumoxide (e.g., ZrQ2), with an equival ent oxide thickness of 3
angstrons to 100 angstrons. . [D047] After formation of the gate dielectric
144, the gate electrode naterial 146 is deposited. The gate material may
be pol ycrystalline-silicon (poly-Si), polycrystalline silicon- germanium
( pol y- Siagsstroms tp abqus ¢@langstmmtsa prefugiily alsoubl yripdeomisorded. tTHgsteaRsle@gEpPOUNdS
such as titaniumnitride, or other conducting materials. Conpound |ayers
of nor e migaaisoqeepofe ¢ftheghepermit@tyi (Algs:k) @aatbrialsROL QMM AkaAbh bRRe 34 £ | gg@gnd a
refractory nmetal capable of forming a netal silicide, can be uSed.” Exanpl es
i ncl ude gohiomweidald.g nel,ok) hapnmMside (&t @i hibnCoh it a iicide,
cobalt silicide, olr( %?cke%)lsi lici de. %56%?%%’3?3%%@&“%@%"Zﬁm)&i s
def i ned =agehithexidpdes | i t ial . S t rm.t gate
el ectrode 146. The@ﬁ%t eﬂoeagc“ﬁﬁsatggg?/%%ﬁt?’ gleglgtgﬁelﬁ%leée}l3ea§§;rt{%8€ptgﬁgothe gate is
el ectri Gabdi¥msi sol ated fromthe transistor structure by the gate
dielectric. In the preferred enbodinent, the gate material is poly-Si and
the gate dielectric is silicon oxynitride. A plasma etch using chlorine and
brom ne [@H@&N st Afterfayndtieon o thd ghiodidldverightiethe oate tleogl@lcab 4lidg4s Af t er gate
definition, the gate mask can be renoved. [0049] The source and drain
ext ensi dapositeB Thegateatanihl naxbe pdipérgstalie-H8cacBbRVEY pg)%,c' QR11ink ORLaNt at i on,
pl asma i mMmersion ion inplantation (PI11), or other techniques known and
used i N germanium (poly-SiGe), a refractory metal such as molybdenum and tungsten, compounds such

as titanium nitride, or other conducting materials. Compound layers of more than one of these
materials, e.g., polycrystalline silicon and a refractory metal capable of forming a metal silicide,
can be used. Examples include polycrystalline silicon with titanium silicide, tantalum silicide,

cobalt silicide, or nickel silicide.

[0048] A gate mask (not shown) is defined and the underlying gate material is etched to
form the gate electrode 146. The gate eich stops on the gate dielectric, and the gate is electrically
isolated from the transis'tor_ structure by the. gate dielectric. In thé preferred embodiment, the gate
material is poly-Si and the gate dielectric is sil-icon oxynitride. A plasma e;cch uéing chlorine and
bromine cheﬁnistry may be used for the gate electrode etching. After gate definition, the gate

mask can be removed.

[0049] The source and drain extensions 148 are formed next. This may be achieved by ion
_implantation, plasma immersion ion impiantation (PIII), or other techniques known and used in
the art. Next, a spacer 150 is formed on the sidewalls of the gate 146 by deposition and selective

etching of the spacer material. The spacer material may comprise of a dielectric material such as
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- tenperatures. T

the art. Next, a spacer 150 is formed on the sidewalls of the gate 146 by
deposition and selective etching of the spacer material. The spacer '
material may conprise of a dielectric material such as -14 silicon nitride
or silicon dioxide. In the preferred enbodi nent, the spacer conprises of
silicon nitride. [0050] After spacer formation, source and drain regions
152 are doped by ion inplantation, PIll, gas or solid source diffusion, or
any ot her- techni ques known and used in the art. Any inplant damage or

anor phi zghl QMiSal oPEs; L ed through subsequent exposure to el evated
AL PO ANIERE 1t MRS e o Bt pareeantelsn. be
reduced B%¥%trapping the source, drain, and gate with a conductive

mat eri al . e conductive material may be a nmetallic silicide such as

titaniumsilicide, cobalt silicide, or nickel silicide. In the preferred

enbodi mejoso] t heh feep Byshaat forteat iRt BhicBbnd &afi 6k Shldd G e
formed by a self aligned silicideC (salfcid%)EbrogbgggE?B%@%Tnﬁﬂgé%gﬁd.

met hod  epiDipdisoe BélidMolidce ARMSRE, HSHE Bﬂlgreféchr;)[(ﬂjeg lﬁﬁ“ g&id SQl W(’\t?%%r? ?,ﬁ?}g tSt

understood with reference to Fi gures 5c,

Cayer 113mues iyt ot At Ae A B REREL DA iR G LR R Gakle vt gur o

| ayer 112 overlying a rired insu
5b, ap . is.used to define active regions 126 in the active
Payer bannPs TRy YR RS o htic A 6o Haes reaed Sasremitbmak
138 is f%rngd f.rom a_ mm K naﬁfnial with a different etch rate than

BiF &g rte SBR asRYSHCAVe

nitrided X de AR paterigh L hganductivp raatprigl maydeiasnggalbt er abl y

phot oresi.st. The mask naﬁefial may _al so'be a non-silicon material.
silicide such as titanium silicide, cobalt silicide, or nicke] silicide. In the preferred embodiment,-

the conductive material is nickel silicide, which may be formed by a self-aligned silicide

(salicide) process.

[0051] A second method-embodiment will now be described. This embodiment can be best
understood with reference to Figures 5¢, 5d and 5g. Asin the first cmbodimcnt; a starting
substrate comprising of a semiconductor active layer 112 overlying a buried insulator layer 114
is provided. In Figure 5b, a paﬁemed mask 138 s used to define active regions 126 in the active
lay'er 114. Accoi-ding to the second method embodiment, the patterned mask 138 i§ formed from
a mask material with a different etch rate than nitridéd oxide or silicon oxynitride. The mask
material 138 is preferably photoresist. The mask material may also be a non-silicon material.
The mask material may also be a material with less than 30% silicon by atomic concentration.
The mask material may also _be a stack of mask materials. In ;clddition, the mask material may be

a photoresist layer over]jing an anti-reflective coating (ARC) layer.

[0052] The etching of the active layer 112 forms trenches 124 between silicon islands, as

shown in Figure 5c and the bottom of the trench 124 is converted to recess-resistant regions 134,
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The mask material may al so be a material with I'ess than 30% silicon by
atom c concentration. The mask material may al so be a stack of mask
materials. In addition, the mask nmaterial may be a photoresist |ayer
"overlying an anti-reflective coating (ARC) |layer. [0052] The etching of
the active layer 112 forns trenches 124 between silicon islands, as shown
in Figure 5¢c and the bottom of the trench 124 is converted to
recess-resistant regions 134, -15 as shown in Figure 5d. As discussed
above, the conversion process may be a nitridation process arid/or an

i mpl ant &% shenpn Bigessd. OUESHsstdationt, 3hee<mae@kmlas@§oce§s%m %lﬂﬁﬁa&&{ﬁl o
phot oresi st, which can be easily renoved, for exanple, y expos to an
oxygen pwﬁwnmlumbamumqmﬁaﬁsknomn as ashlng, or by etching in an organic-
sol vent. By selectively renovi ng the mask material; the cross-section
accordlﬂﬁ% Iﬁﬁﬁ can be achieved. In this enbodlnent the trench
filling eri af Hingnpadimepsith hBetcmaeyal 188 p5yfhonctsisyevidayiaas ¢hdiB; such as
transistors, can then be formed on the silicon islands 126, as shown in

Fi gur e BHOVahotresimple.i byrexpsuterta as pxyaon phemi Ges proesss theenssadingbgus. [ 0055]
A third nethod enbodi ment is now described with respect to Figures 6a-d.

The fi r&¢hing @gnereapic solfventh 8ytshliectivelyatinoding HeOfisR Rt er A Ghd &8%'[ to the
first nmethod enmbodinent. As a result, the discussion relate I gures
5a-5¢ vickprdingtio Bigurecigeat belachawved. JhORE ShbRakRA{ iHaGeh: & ﬁ'hqgﬁm %%1 i Figure
6a, a slight recess in the buried oxide 114 may or [ ﬁed In
t he pr eféneeskagnbodi nent, the buried oxide 114 is sllghtly etched, by an

[0054] Active devices 142, such as transistors, can then be formed on the silicoﬁ islands

126, as shown in Figure Sh. The formation of transistor devices was discussed above.

. [0055] A third method embodiment is now described with respect to Figures 6a~ci. The first
few steps of the third method embodiment are identical to the first method embodiment. Asa

result, the discussion related to Figures Sa-5c will not be repeated here.

[0056] Referrmg to Figure 5c and F1gure 6a, a slight recess in the buried oxide 114 may or
may not be etched In the preferred embodiment, the buried oxide 114 i is slightly etched, by an
amount in the range of about 10 angstroms to about 100 angstroms, or by an amount equal to the
thickness of the recess-resistant layer 154 to be subsequently dcp.osited. The mask 1'38 may or
may not be removed at this point. A recess-resistant layer 154 is then deposited, e.g-; by |
chemical vapor deposition, as shown in Figure 6a. In Figure 6a, the mask 138 is not removed
priof to the deposition of the recess-resistant 1ay_cr 154, but it is understood that it may be
removed before the-deposition of the recess-resistant layer 154. The recess-resistant layer 154 is

substantially conformal, and 18 Tormed over the silicon island 126 and the buried oxide 114,
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anount in the range of about 10 angstrons to about 100 angstrons, or by an
anmount equal to the thickness of the recess-resistant |ayer 154 to be -
subsequent |y deposited. The mask 13 8 -may or may not be renoved at this
point. A recess-resistant |layer 154 is then deposited, e.g., by chem cal
vapor deposition, as shown in Figure 6a. In Figure 6a, the mask 138 is not
renoved prior to the deposition of the recess-resistant |ayer. 154, but it
i s.understood that it nmay be renoved before the-deposition of the

recess- St a Ve s r 3 j I . - :
substanpﬁg?ly~2%ﬁ#%¥ﬁ%ﬁ%§§?5$??PJﬁgﬁ%gﬁéﬁggﬁkﬁﬂ%ng?%%%g%éégpg%giT§6 and t he
buri ed L de. Vs ( ef erring,now to- ki gure 6b,. the t.renches 124
bet V\eenﬁii%&gﬁg%% ?I\?]eea}lggllgg%g&%rﬁ Tareem :ﬁp? GCF'VégQ??' a}‘faﬁ%p‘g%ltr?c?cga 5B,

preferab sil.icon oxide (e.g. i 02). chem cal nechanical planarization
proces spllﬁ’é%;’z RONPEPGEST B0 Heégﬁﬁ?cgtio ﬁ%{aﬂletﬁﬁ FISESechen FSoHOWE LRSS §bn Thegur e

6b. The recess-resistant |ayer 154 above the silicon islands 126 nay then
be r enoFEEFSTEITR Kietdrd Rboveghetilisonnilgnds 19 may then be TeraovedaRing 38 eivhy be
rTenmoved in the sane process step. The etch nay or nmay not-renove the
recess PeEradliamwetaithe fihgmagls 3 &omay breremiouedialthasapie provesssitéri. cBe etuhtayeor
regions 126. [00581 In the case where the recess-resistant |ayer on the

si dewal ingy udt retheveghd ieconrastanvmateriddidd onitle sidowalie df the bidicoesdiive kgpdorst r uct ur e
is depicted in Figure 6¢c. The dielectric filling the trench may then be

renmoved]26as illustrated in Figure 6d. Although not shown, active devices
(e.g., 142 fromFigure 5h) can be forned in the silicon islands 126 as

di.scuss bove. [ 0059]. Whi | e. several enbodi nents of the invention,
t oget h eﬁgﬁﬁj‘ th ﬁ]b H{ETCF.%C l}ebentée fasessappstant ?ayer on gee sidewalls of the silicon active
region is removed, the resulting structure is depicted in Figure 6c. The dielectric filling the

trench may then be removed, as illustrated in Figure 6d. Although not shown, active devices

(e.g., 142 from Figure 5h) can be formed in the silicon islands 126 as discussed above. -

{0058] While several embodiments of the _inventibn, together with modifications thereof, .
have been described in detail herein and illustrated in the accompanying drawings, it will be
evident that variqus modifications are possible without departing from the scope of the present

invention. The examples given are intended to be illustrative rather than exclusive.
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have been described in detail herein and illustrated in the' acconpanying

drawings, it will be evident that variqus nodifications are possible
wi t hout departing fromthe scope of the present invention. The exanpl es
given are intended to be illustrative rather than exclusive. WHAT IS

CLAIMED IS: 1 1. A sem conductor-on-insulator structure conprising: 2 a
substrate; 3 a buried insulator |ayer overlying the substrate; 4 a
plurality of sem conductor islands overlying and abutting the buried

i nsul ator layer, the 5 sem conductor islands being isolated fromone

anot her by trenches; and 6 a plurality of recess resistant regions
overlyiN6¥6ﬁé36%#ﬂ%@ﬂ¥ﬁ3ulator | ayer at a lower 7 surface of the trenches.
1 2. The structure of claim1l wherein the buried insulator conprises an
oxide layer. 1 3. The structure of claiml wherein the recess resistant

r egi ons lconphisg@icergusiorendesulagygispaure cCAMEIsiMe structure of claim 1 wherein
the recess resistant regions conprise nitride regions. 1 5. The structure
of ckai m 1 wherbsiraiest he seni conductor islands conprise silicon islands. 1 6.
The structure of claim5 wherein the sem conductor islands are forned from
stragned 2 si birddrinsulatof layEheveslyingcidribstefe;cl aim 1 wherein the buried
insulator |ayer has an upper surface and the 2 recess resistant regions
havesan uppeg gﬁlblﬂift)a@em%ﬁ{&ioﬁ 1SURBSbveslyinbage aBftidd e bRERSHsUI A 18§edthe 3
‘regions is substantially planar to the upper surface of the buried E

I nsukat Qémi'céﬁﬂﬁfztopﬁﬂﬁé’stﬂ}iﬂgh%lated from one another by trenches; and

6 a plurality of recess resistant regions overlying the buried insulator layer at a lower

7 surface of the trenches.

1 2 The structure of claim 1 wherein the burigd msulator comprises an oxide layer.

1 3 The structure of claim 1 wherein the recess resistant regions comprise oxynitride regioas.
1 4. The structure of claim 1 wherein the recess resistant regions cornp.rise nitride regions.

1 5. The structure of élajm 71 wherein the semiconductor islands cotﬁprise silicon islands. -

1 6 The structure of cla.im 5 wherein the semiconductor islands are formed from strained

2  silicon.

1 7 ‘ Thg structure of claim 1 wherein the buried insulator layer has an upper surface and the

2 recess resistant regions have an upper surface, wherein upper surface of the recess resistant
3 regions is substantially planar to the upper surface of the buried insulator layer beneath the

4 semiconductor islands.
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4 sem conductor islands. -18 1 S. The structure of claim1 and further
conprising a thin material |ayer overlying the recess 2 resistant regions.
9. The structure of claim8 wherein the thin material |ayer and the buried
insulator layer are 2 forned fromthe same nmaterial. 1 10. The structure of
claim1 wherein the recess resistant regions are fornmed froma dielectric 2
characterized by an etch rate of |l ess than 10 angstrons' per mnute in a wet
cl eaning solution. 1 11. The structure of claiml wherein the

recess- g esi siantLediPASin?] gnd ARALSINARONE 2 iy HAtRE! lagerINEAARE R el

burizd ?nsulator faygr. 115 Thelét?%ctuge of clarm mher%i% tﬁgzgicess
resi stant..reqi are located at a depth within 2 the buried insul ator
Iayé?.'%&Téﬁq%ﬁgﬁétructure of claiml wherein the recess-resistant |ayer
has a thi ckness of between 2 about 10 angstrons and about 200 angstrons.

14. The,strugcture of ¢lai t . C 1Sl one_transi stor
fornkd 1'n t heSs ucruéﬁeiofgalgﬂ é‘%‘%ﬁ%‘&ﬁ%ﬂ% %rg‘gflélﬁ%?%'# %gﬁéd,&ngng%[%lay%fmef orm ng
a sem conduct or-on-i nsul ator device, the nethod conprising: 2 providing a
pIur%ligvnﬁfﬁ@BﬁW%%ﬁﬁﬂ@F@ﬂ'islands overlying portions.of an insulator

| ayer; 3 formng recess-resistant regions in portions of the insulator

| ayer not cqyered b e. 4 _sem copnductor islands; an ) .
Y 1 10 he structur% o% Qlaum 1 w?mrem tﬂe recess resistant regions a:req’ormed from a dielectric

o characterized by an etch rate of less than 10 angstroms per minute in a wet cleaning solution.

1 11.  The structure of claim ! wherein the recess-resistant regions are located above an outer.

2  surface of the buried insulator layer.

1 12.  The structure of claim 1 wherein the recess resistant regions are located at a depth within

2  the buried insulator layer.

1 - 13.  The structure of claim I wherein the recess-resigtant layer has a thickness of between

2 about 10 angstroms and about 200 angstroms.

.1 14, The structure of claim 1 further comprising at least one transistor formed in the plurality

2 - of semiconductor islands.
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5 form ng devices on the sem conductor islands. 1 16. The nethod of claim
.14 wherein providing a plurality of sem conductor islands 2 conprises: 3
provi ding a sem conductor structure conprising the sem conductor |ayer
overlying the 4 insulator layer, said insulator |ayer overlying a
substrate; 5 formng a mask on the sem conductor |ayer; and. 6 etching the
sem conductor layer in a pattern aligned with the mask to formthe 7 '
sem conductor islands | I T The method of claim 16 and further conprising,
after the step of formng recess-resistant 2 regions: 3 providing trench
filling i@t era aietliod of fginogs: owicgedyrtariva-isevateiciriises the mediod RIBPISIE r enpvi ng
.the mask; and 5 renoving the trench filling material. 1 18. The nethod of
cl ai m 17 whergbvidinge phraitg bf feilidondgrtorasiends averbyongpirtess. ofiah irsolatoyayde. 1 19.
The method of claim 17 wherein the mask is forned froma material selected
fromghe 2 griaHping asisstding afpicxigortioistofiteensudatyriayer ndiecovared bg drebi nat i ons -
thereof. 1 20. The nethod of claim 19 wherein the nask is formed from
silicpn girtikdd8etor isidfdslar@l, The nmethod of claim 16 wherein the mask is
formed froma photoresist.. 1 22. The nethod of claim14 wherein formng

recesg-resis tBfthink QG 0R %L GV RInb RFducfor Middas dat i on .
-1 16.  The method of claim 14 wherein providing a plurality of semiconductor islands
2 comprises:
3 providiné a semiconductor structure comprising the semiconductor layer overlying the
4  insulator layér, said insulator layer overlying a .substrate;
5 forming a mask on the semiconductor layer; and .
6 etching the semicondu.ctor layer in a pattern aligned with the mask to form the

7  semiconductor islands.

1 17.  The method of claim 16 and further comprising, after the step of forming recess-resistant

2  regions:

3 providing trench filling nﬁatcrial in regions between the semiconductor islands;
4 removing the mask; and

5 removing the trench 'ﬁlﬁng material.

1 18.  The method of claim 17 wherein the trench filling material comprises siliconoxide.

1 19, The method of claim 17 wherein the mask is formed from a material selected from the

2 group consisting of oxide, nitride, oxynitride, and combinations thereof.
1 20.  The method of claim 19 wherein the mask is formed from silicon nitride.
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2 process using a nitrogen or nitrogen-containing anbient. 1 23. The net hod
.of claim 14 wherein form ng recess-resistant regions conprises an ion 2

i npl antation process using a nitrogen or nitrogen-containing ions. 1 24.
The net hod of claim 23 wherein the ion inplantation process enploys an
inplant energy 2 in the range of about 10 eV to about 100 keV. 1 25. The

met hod of claim 23 wherein the ion inplantation process enploys an inplant
energy 2 in the range of about 10 eV to about 10 keV. 1 26_ The nethod of

cl ai m 221and The!ikihed o LR 16310 AR eMsk f&%ﬁﬁh%_fﬁtﬁﬂh?ﬁm&tesiﬁt. tenperature 2
bet ween about 700 and about 1100 degrees Celsius after the ion inplantation

process. 1 27. The nethod of claim 14 wherein the semi conductor islands
conpri s@2si | TEOMethdd 8folaihe RO BrBingGbRkd el W1EL6] em;conductor -
i sl ands conprise strained silicon. T1e3g T ERa net%ggﬂg%ﬂﬁﬁ%ﬁﬁyﬁﬁﬂ lbr ei n

t he §enbﬁggg%g5$5nh&%%23§ﬁg égbﬂﬂﬁh%éﬁﬁ%ﬁe”d 2 germanium 1 30. The nethod

of claim14 whefein rec -resls r'égi on conprises a dielectric that
2 has an etch rate of less than 10 angstrons per mnute in a wet cleaning

sol utio 1 froclarm.14 wherei.n the recess-resistant region
corrp? i sg% si ?%cc%%ingiﬁ{?@ﬁé &he%xﬁf o g§§{e§&"l‘rﬁfé’gﬁléttrﬁ%ansocfo“ﬂﬁ?sr‘?l“i@ wher ei n

the rec - i.stant region has a .thickness.between 2 about 10 angstrons
an d Ea bogﬁlﬁ%%ﬁ)é} 6%(‘1:3?80%%1- amtrogen or mErogcn-contaljmng 1005, . g

1 24, The method of claim 23 wherein the ion implantation process employs an implant energy

2  inthe range of about 10 eV to about 100 keV.

1 25.  The method of claim 23 wherein the ion implantation process employs an implént energy

2 inthe range of about 10 &V o about 10 keV.

1 26.  Themethod of claim 23 and further comprising annealing the device ata temperature

2 between about 700 and about 1100 degrees Celsius after the jon implantation process.
1 27.  Themethod of claim 14 wherein the semiconductor islands comnprise silicon.
1 - 28, The method of claim 27 wherein the semiconductor islands comprise strained silicon.

1 29, 'The method of claim 14 wherein the semiconductor islands contain silicon and

2 germanium.

T 30. - The method of claim 14 wherein the recess-resistant region comprises a dielectric that

2 has an etch rate of less than 10 angstroms per minute in a wet cleaning solution.

1 31, The method of claim 14 wherein the recess-resistant region comprises silicon oxynitride.
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1 33. The nmethod of claim 16 wherein the substrate conprises a silicon

- substrate. 1 34. The nethod of claim 15 wherein form ng recess-resistant
‘regi bns conprises depositing a 2 recess-resistant |ayer over portions of

the insulator |ayer not covered by the seniconductor 3 islands. 1 35. The

met hod of claim 34 wherein depositing a recess-resistant |ayer conprises

depositing 2 a silicon nitride layer. 1 36_ The nethod of claim34 and

~further conprising etching a portion of the insulator |ayer 2 not covered

by the sem Cfxﬂ]@gﬁ&@{d qf%iaﬁﬂggvm&g&;mé denositi g%m% S G oS R ESleasant ayer.

1 37. The ne alm Rar conp g renoving por “ons of
the rece si st ant uch t hat a portlon of the recess-resistant
Iayeréa 3§F%§)%$gﬁﬁmﬁmg §%§2P¢ WPk h of the 3 semiconductor islands. 1
38. A nethod of formng a silicon on insulator device, the nethod

cont condb: o ekt Bty TR EERRLE et Foras e OB ot ng 1 ayer

overlying a substrate; fornlng a patterned nask over the 4 sem conductor

Iayer n of t.i t he enlconductor | ayer not protected by the
mask: ' 6 3?4{) m%ﬂ?%@é‘ el waawpm BgPBR R TR A P SaPRT PG ePosEE 4 n
regions where the 7 senlconductor | ayer was renoved; 8 renoving the nmask;
and & f JefAShEpSiEtant lBygovemeriona abibe imskaion laaerrréatrﬁwﬁwﬁbbmﬁ ¢ngIRORSICTOn e

sem conductor | ayer.
3 islands.

1 35, The method of claim 34 wherein depositing a recess-resistant layer comprises depositing

2 asilicon nitride layer.

t 36.  The method of claim 34 and further comprising etching a portion of the insulator layer

2 notcovered by the semiconductor islands prior to depositing a recess-resistant layer.

1 37.  The method of claim 34 and further comprising removing portions of the recess-resistant
2 layer such that a portion of the recess-resistant layer remains along a sidewall of each of the

3 semiconductor islands.

222-



1 39. The nmethod of claim 38 and further conprising, prior to renoving the
mask, formng 2 trench filling material regions over the insulating |ayer
where the sem conductor |ayer was 3 renoved. 1 40. The nethod of claim 39
wherein the mask is formed froma nitrogen-containing material. 1 41. The
met hod of claim40 wherein the recess-resistant regions are fornmed froma
nitrogen 2 containing material. 1 42. The nethod of claim 38 wherein the
mask conprises a photoresist. 1 43. The nethod of claim 38 wherein the

i nsukat 30y | AEKhRUTEHrSRSa Alcoondsulayrekeviag) dhe Bethbeemhpistngr mi ng t he
recess-resistant regions conprises nitridizing the insulating layer. 1 44.
The gethod ofoGhalkMs3RicoRRIRI Brldige bhspidd N@nliatalct608R: bS@ymoXi de

| ayer and -2 wherein formng the recess-resistant regi ons conprises

| mpl ant inﬁ%a@g@éﬁ#%id&ﬂ@aﬁn@t&%e{ &%rlyﬁ‘lga shbRle@tdREnd AYRferned Adsilo®? the® MeT hod

of form conduct or “on-1 nsu or structure, the nethod conprising:

2 providi ngng stubl|sat rate that includes a buried insulator |ayer overlying

t he SubSTH&TEMe B ng a plurality of sem conductor islands overlying and
abutting the burjed insulator .4 |ayer, the sem conductor, islands being

i sol &t ed frdﬁF@H@gQHBPH%?ﬁ%QSngﬁ@H gfmgﬂd@bﬁgngﬁgyﬁwFﬁ?ﬁT of recess
resistant material over the structure; and 6 renoving, porti onﬁ of the | ayer
of rBcess reRrBWERRCeHHEEpRRITegars iy e pwlatng [ayprp regionsphpre the
recess-resistant regions that overlie the buried insulator |layer at a | ower
sur f Acesaficeridgctor leyestyes removed; :

B removing the mask; and

9 forming at least one transistor in a remaining portion of the semiconductor layer.

1 39, The method of claim 38 and further comprising, prior to removing the mask, forming
2  irench filling material regions over the insulating layer where the semiconductor layer was

3 removed.
1  40. The method of claim 39 wherein the mask is formed from a nitrogen-containing material.

.1 41.  The method of claim 40 wherein the recess-resistant regions are formed from a nitrogen-

2 bontaining material.
1 42.  The method of claim 38 wherein the mask comprises a photoresist. -

1 43,  The method of claim 38 wherein the insulating layer comprises an oxide layer and

2 wherein forming the recess-resistant regions comprises nitridizing the insulating layer.

"4 44,  The method of claim 38 wherein the insulating layer comprises an oxide layer and

2 wherein forming the recess-resistant regions comprises implanting nitrogen ions into the

3. insulating layer.



1 46. The method of claim45 wherein depositing a recess-resistant |ayer
conprises depositing 2 a silicon nitride |ayer by chem cal vapor
deposi'tion. 1 47. The nmethod of claim45 and further conprising etching a
portion of the buried insulator 2 layer within the trenches prior to
depositing a recess-resistant layer. 1 48. The nethod of claim45 wherein
renovi ng portions of the |layer of recess resistant 2 . material conprises .
renoving portions of the recess-resistant |ayer such that a portion of the
3 recess-resistant l‘ayer renains along a sidewall of each of the
semcongduct armbifbPOASming a semiconductor-on-insulator structure, the method comprising:

2 providing a substrate that includes a buried insulator layer overlying the substrate;

3 forming a plurality of semiconductor islands overlying and abutting the buried insulator

4 layer, the semiconductor islands being isolated from one another by trenches;

5 depositing a layer of Tecess resistant material over the structure; and

6 removing portions of the layer of recess resistant material so as to form a plurality of

7  recess-resistant regions that overlie the buried insulator layer at a lower surface of the trenches.

1 46.  The method of claim 45 wherein depositing a recess-resistant layer comprises depositing

2 asilicon nitride layer by chemical vapor deposition.

1 47.  The method of claim 45 and further comprising etching a portion of the buried insulator

2 layer within the trenches prior to depositing a recess-resistant layer.

4 48,  The method of claim 45 wherein removing portions of the layer of recess resistant
2 . material comprises removing portions of the recess-resistant layer such that a portion of the

3 recess-resistant layer remains along a sidewall of each of the semiconductor islands.
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