1 SO CH P WTH RECESS- RESI STANT BURI ED | NSULATOR AND METHOD OF
MANUFACTURI NG THE SAME [ 00011 The present invention is related to

commonl y-assigned: U. S. Patent Application Serial No. , entitled "Method of
Formng Strained Silicon on Insulator Substrate,” filed March 5, 2003
(Attorney Docket No. TSMC2002-1384), whi ch application is incorporated
herein by reference as if repeated in its entirety. TECHN CAL FI ELD [ 0002]
The present invention relates generally to sem conductor materials, and
nore particularly to sem conductor-on-insulator substrates with a
recess-resistant |ayer. BACKGROUND [0003] Traditional silicon-on-insulator
(SA) integrated circuits are formed on SO substrates. A cross-section of
a silicon-on-insulator (SO ) substrate 100 is illustrated in Figure |a.
SO substrat t ypi. cal v thin er of silicon 110, also known as
the silicon |C¥]%ﬁ; Mﬁﬁk‘f@%&%@%ﬁwﬂ BURIED BYSULATORAND; t he
buried oxide (BOX) | METHOR OFRMANUFACTIRINGTHESKMEIri ed oxi de

| ayer 112 is provided on a silicon substrate 114. The buried oxide 112 is
conprised of an insulator such as silicon .oxide. It electrically isolates
the silicon active layer 110 fromthe silicon substrate 114. 2 [0004] In
an SO chip, as shown in Figure |b, the SO substrate 100 is processed to
forma  [0001] The present invention is related to commonly-assigned U.S. Patent Application

Serial No. , entitled "Method of Forming Strained Silicon on Insulator

Substrate," filed March 5, 2003 (Attorney Docket No. TSMC2002-1384), which application is

incorporated herein by reference as if repeated in its entirety.

TECHNICAL FIELD

[0002} The present invention relates generally to semiconductor materials, and more

particularly to semiconductor-on-insulator substrates with a recess-resistant layer.

BACKGROUND

[0003]) | Traditional silicon-on-insulator (SOI) integrated circuits are formed on SOI
substrates. A cross-section of a silicon-on-insulator (SOI) substrate 100 is illustrated in Figure
la. SOI substrates typically have a thin layer of silicon 110, also known as the silicon active
layer, disposed on an insulator layer 112 such as the buried oxide (BOX) layer. The insulator
layer 112 or the buried oxide layer 112 is provided on a silicon substrate 114. The buried oxide
112 is comprised of an insulator such as silicon oxide. It electrically isolates the silicon active

layer 110 from the silicon substrate 114.



plurality of active regions 116 in the active |ayer 110. Active devices 118
such as transistors and diodes may be fornmed in the active regions 116.
Active regions 116 are electrically isolated fromeach other by isolation
regions 120. The size and pl acenent of the active regions 116 are defined
by isolation regions 120. |solation r&gions 120 nmay, for exanple, be forned
of shallow trench isolation (STI). Mreover, active devices 118 in the
active regions 116 are isolated from the substrate 114 by the buried oxide
| ayer 112. [0005] Active devices formed on SO substrates offer many

advant ages over their bulk counterparts, including absence of reverse body
ef fect, absence of latch-up, soft-error imunity, and elimnation of
junction capacitance typically encountered in bulk silicon devices. SO

t echnol ogy therefore bl es .hi gher_ . speed performance, higher packing
densi'ty, g[é‘?%] r edg%ﬁbsggg\}%ras Ellﬂ?r‘i‘g‘dﬂﬁfg"g"nfb’ﬂ{é SR lsubsirate 100rmBiocssasd torformnret
using SO techngl ogy enploy an uniform active |layer thickness and shall ow
trench i SHMakys, ?ct{vee%]mééﬂt hpactiye layey 110 aivsdpyicesnidBoyeh as tipasistors aindy
silicon active layer 110. In some cases, the silicon active |ayer 110

t hi cknessliedgsmyg ba formigd in the acfive megiensdfl 61 Wetivgregiohe hift dre eldricallydsaigtbd, i f

the gate length is 30 nm the silicon active |ayer 110 may have a thickness
of 10 nmfram eachiotheeby istlatien tegives 020. SThe sivamsliddcomentoftinoativagghns U146 4ra- t hi n
body (UTB) transistor or a depleted-substrate transistor (DST). [0007]
When t he definakineisslatihn regiensi20i dwiation régiens! 129 @fay 1160 ex#inAs, befoihea D SHANBIN

nesa i solation could be a nore appropriate isolation schenme for the

transi st afeacRiBolBOETE NcresVen Ve ddvas 118 intkd RkivePogidid 118 8R idcs kRN,
trenches 122 are fornmed in the active layer 110, as shown in Figure

the substrate 114 by the buried oxide layer 112.

[0005] Active devices formed on SOI substrates offer many advantages over their bulk
counterparts, including absence of reverse body effect, absence of latch-up, soft-error immunity,
and elimination of junction capacitance typically encountered in bulk silicon devices. SOI
technology therefore enables higher speed performance, higher packing density, and reduced
power consumption. At present, commercial products using SOI technology employ an uniform

active layer thickness and shallow trench isolation.

[0006] One type of SOI transistor employs a very thin silicon active layer 110. In some
cases, the silicon active layer 110 thickness can be as thin as a third of the gate length. For
example, if the gate length is 30 nm, the silicon active layer 110 may have a thickness of 10 nm
or thinner. This type of SOI transistor is known as an ultra-thin body (UTB) transistor or a

depleted-substrate transistor (DST).

[0007] When the thickness of the silicon active layer 110 is as thin as 10 nm, mesa isolation
could be a more appropriate isolation scheme for the transistors as compared to shallow trench
isolation. In mesa isolation, trenches 122 are formed in the active layer 110, as shown in Figure

2a. The trenches 122 extend from the surface of the active layer 110 to the buried oxide 112.



2a. The trenches 122 extend fromthe surface of the active layer 110 to the
buri ed oxide 112. 3 The trenches 122 divide the active layer 110 into
silicon islands or silicon nesa structures that include the active areas
116. The nesa isolation nmethod thus cuts electrical connection between

adj acent active regions 116 by renovi 8g portions of the active layer 110 in
the SO substrate 100. [0008] One problemof the nesa isolation is that

t he exposed buried oxide |ayer 112 surface wll be recessed in subsequent
chem cal treatnents such as wafer cleaning steps. This recess is
illustrated in figure 2b. The recessed buried oxide results in a nunber of
probl ens. For exanple, it leads to an increased parasitic capacitance

bet ween the substrate 114 and netal |lines (not shown) running over the
buried oxide 112. It also leads to a concentration of electric field Ilines
around t hEhedignehesd 28 dvids the agtive fayes ] 10 intorilipen idangp prsiligntmesse stmchyred thptact
device reliability. 4 SUMARY OF THE | NVENTI ON [ 0009] The present invention
descr i besinehiotic petitcaress 1a6 Theonesadsplationmeathadithysatutsi ebetricabiconnection between
strained-silicon-on-insulator substrates. In one enbodi nent, a

r ecess- r egljseninictite tegions 1 Usedremioving poitienbof theattiva faykeal Idrin tie SievbAtateer 0Si on
of the buried insulator during subsequent processing steps. For exanple,
the recessblesistant filmecan be a silicon nitride film which etches ten
times nore slowy than silicon oxide for comon wet etch processes. [0010]

In one aspect, th resent .inventiopn provjdes a senicanductor-on-insul ator
subst r at eR)%DSE 8nep problem of the mesa 1sopat1gn 15 that tl?c exposed buried oxide layer 112 surface

will be recessed in subsequent chemical treatments such as wafer cleaning steps. This recess is
illustrated in Figure 2b. The recessed buried oxide results in a number of problems. For
example, it leads to an increased parasitic capacitance between the substrate 114 and metal lines
(not shown) running over the buried oxide 112. It also leads to a concentration of electric field

lines around the exposed comers of the silicon mesas which potentially impact device reliability.



wWith a recess-resistant buried insulator. The buried insulator has a
recess-resistant layer that has negligible etch rates in commonly used wet
cl eaning solutions. [0011] The present invention provides several methods
of fabricating the substrate structures disclosed herein. In certain of

t hese nethods, a thin filmstack is tdansferred froma donor wafer to a
target wafer. One nethod enpl oys the bonding of a donor wafer with an
inplanted layer to a target wafer to forma wafer assenbly. The thin film
stack can be separated at an inplanted | ayer to produce the desired
substrate. [0012] In another enbodi nent, a donor wafer is bonded to a
target wafer. The donor wafer includes an interface between a strained

| ayer and a relaxed |ayer. The two wafers can be separated at the
interface to produce the desire substrate. [0013] Aspects of the present

i nventi oONSYMMAHRY GEYHEIIRGENTQO®r prior art devices. For exanple, the
buried insulating layer will not include recesses. This feature helps to
mnimze parasitic capacitance between the substrate and netal |ines

runni ng opeds)t he TR\pr&ent iff¥nfiod 8ALHER entbbini®h&QF af Mpre CROARME RS 8 fing
electric field lines around the exposed corners of t%e silicon nesas and

t her ef or estﬁﬁi&@%ﬁﬁoﬂ—%ﬁjiﬁs%laﬁcﬁ’lshﬁﬂa{eisﬁ ¥n o eﬁﬁbﬁiﬁle%g@e stiesNa e L RBAVINGS

[ 00141 For a nore conplete follow ng descriptions taken 1 n conjunction with
- the  accomaiiidla i biend dodtl Sind AHRLSARRM: MR sl RAER S

i nvention, and the agl\\,/vg {ages ther eoéfrj, re?es?%gdégqflgé%‘}cg)\/svg%ugﬁté’r?cgsﬁ'%szteps'

For example, the recess-resistant film can be a silicon nitride film, which etches ten times more

slowly than silicon oxide for common wet etch processes.

[0010] In one aspect, the present invention provides a semiconductor-on-insulator substrate
with a recess-resistant buried insulator. The buried insulator has a recess-resistant layer that has

negligible etch rates in commonly used wet cleaning solutions.

[0011] The present invention provides several methods of fabricating the substrate
structures disclosed herein. In certain of these methods, a thin film stack is transferred from a
donor wafer to a target wafer. One method employs the bonding of a donor wafer with an
implanted layer to a target wafer to form a wafer assembly. The thin film stack can be separated

at an implanted layer to produce the desired substrate.

[0012] In another embodiment, a donor wafer is bonded to a target wafer. The donor wafer
includes an interface between a strained layer and a relaxed layer. The two wafers can be

separated at the interface to produce the desire substrate.

[0013] Aspects of the present invention provide advantages over prior art devices. For
example, the buried insulating layer will not include recesses. This feature helps to minimize
parasitic capacitance between the substrate and metal lines running over the device. This feature

minimizes any concentration of electric field lines around the exposed corners of the silicon

mesas and therefore enhance device reliability.



[0015] Figure | a shows a conventional silicon-on-insulator (SO)
substrate; [0016] Figure Ib shows a conventional SO chip with uniform
active layer thickness and active devices fornmed in active regions

i solated fromeach other by isolation regions; [0017] Figure 2a shows a
cross-sectional view of a SO substrate wth silicon islands or silicon
nmesas forned in the active |ayer; [0018] Figure 2b shows the substrate of
Figure 2a after wet-cleaning process steps cause recesses in the buried
oxi de surface; [0019] Figure 3 shows a perspective view of a sem conduct or
i sl and or sem conductor nmesa formed on a buried insulator stack of a first
enbodi nent of the present invention; [0020] Figure 4 shows a perspective
view of a sem conductor island or sem conductor nmesa formed on a buried
insul ator stack of a second enbodi nent of the present invention; [0021]

Fi gur es S5BRIEEKIDERCRIMON OB THEDBRAWIANIGS/i ews of SO substrates of the
present invention; Figures 6a-6f show cross-section views of an SO
substrate during sequential steps of a first enbodi ment fabrication nethod
of the present | NkeRirmes cohPleR2dlidwigg desriptiond Rtter! I @hfctiarwithithe

conbi nati ons of donor and target wafers that nay achieve the SO substrate .
of Fi gur e a@Rinp8nyitddrawinpk dH W@chGAdGSasdifohOFesene fiivbbnY drfMbe ffvafgslC
substrate during sequential steps of a second enbodi ment fabrication nethod

of the prageRk bRMaR isAbw i 1d §824] Figures 9a-9d show cross-sectional

views illustrating a nethod of formng a SO
[0015] Figure 1a shows a conventional silicon-on-insulator (SOI) substrate;
[0016] Figure 1b shows a conventional SOI chip with uniform active layer thickness and

active devices formed in active regions isolated from each other by isolation regions;

[0017] Figure 2a shows a cross-sectional view of a SOI substrate with silicon islands or

silicon mesas formed in the active layer;

[0018] Figure 2b shows the substrate of Figure 2a after wet-cleaning process steps cause

recesses in the buried oxide surface;

[0019] Figure 3 shows a perspective view of a semiconductor island or semiconductor mesa

formed on a buried insulator stack of a first embodiment of the present invention;

[0020] Figure 4 shows a perspective view of a semiconductor island or semiconductor mesa

formed on a buried insulator stack of a second embodiment of the present invention;

[0021) Figures 5a and 5b show cross-sectional views of SOI substrates of the present
invention; Figures 6a-6f show cross-section views of an SOI substrate during sequential steps of

a first embodiment fabrication method of the present invention;

[0022] Figures 7a and 7b show various combinations of donor and target wafers that may

achieve the SOI substrate of Figure Sb;



chip with a recess-resistant layer in the buried insulator stack. 7

DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0025] The neki ng and
using of the presently preferred enbodi nents are di scussed in detai

bel ow. It should be appreciated, however, that the present invention

provi des many applicable inventive céncepts that can be enbodied in a w de
variety of specific contexts. The specific enbodinents discussed are
nmerely illustrative of specific ways to nake and use the invention, and do
not limt the scope of the invention. [0026] Aspects of the present
invention relate generally to sem conductor materials, and nore
particularly to sem conductor-on-insul ator substrates with a
recess-resistant |layer. Aspects of the present invention are also rel ated
.to the manufacture of netal oxide sem conductor field effect transistors
on semi copozsgt or -RigurésrBatleahow caubsdctiat eewaiof im 30T ebeisae dasigsbquentidlaieps .

[ 0027] According to the preferred enbodi nent of the present invention, a

I €CEeSS- I e§f aSdedotld enbai@ient fabiidativh drthod RS tHerdyuiitii@entiogwhat or stack of a

sem conductor-on-insul ator wafer for the purpose of restricting the anount
of recess in the exposed insulator stack,durjng wafer processing such as
wet cl eanfOfgflof VST PV GHOsSAGRIPRAVIFSYS ilirating a method o Braing 2S0T be
useful where the nmesa isolation scheme is adopted in the fabrication of an
seni conduehip vith g r¢csssoesistant layep indle hurded insulater stackhi p.

Sem conductor-on-insulator integrated circuit chips enpl oying the nesa

i sol ati on schene have exposed buried insulator surfaces. The exposed buried
i nsul ator surfaces are susceptible to chem cal attack or etching during
waf er processing. In certain aspects, this



invention teaches a substrate structure where a recess-resistant layer is
provi ded. [0028] Referring nowto Figure 3, sem conductor islands or

sem conductor nesas 216 are forned froma sem conductor active |layer 210
by the formation of trenches 222 between them The sem conductor islands
or nesas 216 are thus electrically isg@lated fromeach other by nesa 8

i solation. The sem conductor material constituting the active layer 210 is
preferably silicon, but nay also be any other el enental sem conductor such
as germanium any alloy sem conductor such as silicon-germanium or any
conmpound sem conductor such as gallium arsenide or indium phosphide.

[ 0029] The sem conductor nesas 216 are isolated fromthe substrate 210 by a
buried insulator stack 212, as schematically shown in Figure 3. The
‘substrate 210 is preferably a silicon substrate, which is typically
undoped bDETAHEDPESCHIRTHYNIOBEULUSYRATIVREMBQIDEBVMENTS as ger mani um
quartz, sapphire, and glass could alternatively be used as the substrate
214 material. [0030] According to the preferred enbodi nent of the present

i nvent i onfoo2she bUliheethkingsmt asiog of tht acker@lyDrefemet énstesliadntd radiscuasdday detan f
recess-resistant |layer 224, which is resistant to commonly used wafer wet
cl eani ng badwit itehsild Bhaipréciated, hewoies that diepratnttientioc posideemst aplicdbdy/er is
extrenely slow in conmmonly used wafer wet cleaning solutions so that the

total anouRéntiet chiedpts thah oGl bednthottied The widdivakiatg 96 spakifichBnteRs £ The §R& ST ant
| ayer may range from about 2 angstrons to about 1000 angstrons, and is

nmore pr ef gheddinkerts GsRRQAGEE é@re@ng&faawoﬁs@e&i@@%y&%aﬁ@% QB inlQe34] The

recess-resistant |layer 224 overlies a first dielectric |ayer 226. The first
di el ectri ghq do not limit the scope of the invention.

[0026] Aspects of the present invention relate generally to semiconductor materials, and
more particularly to semiconductor-on-insulator substrates with a recess-resistant layer. Aspects
of the present invention are also related to the manufacture of metal oxide semiconductor field

effect transistors on semiconductor-on-insulator substrates with a recess-resistant layer.

[0027] According to the preferred embodiment of the present invention, a recess-resistant
layer is provided in the buried insulator stack of a semiconductor-on-insulator wafer for the
purpose of restricting the amount of recess in the exposed insulator stack during wafer
processing such as wet cleaning of wafers in dilute hydrofluoric acid. This feature can be useful
where the mesa isolation scheme is adopted in the fabrication of an 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 chemical attack or etching during wafer processing. In certain aspects, this

invention teaches a substrate structure where a recess-resistant layer is provided.

[0028] Referring now to Figure 3, semiconductor islands or semiconductor mesas 216 are
formed from a semiconductor active layer 210 by the formation of trenches 222 between them.

The semiconductor islands or mesas 216 are thus electrically isolated from each other by mesa



| ayer 226 can be a dielectric material such as silicon oxide, for exanple,
and may have a thickness ranging fromabout 100 angstrons to about 5000
angstrons. Ot her dielectric layers such as silicon nitride, silicon
oxynitride, alum num oxide, or silicon carbide, as exanples, can be used
as the first dielectric layer 226. [0832] To formisolation trenches 222,
one comonly used wet cleaning solution is dilute hydrofluoric acid.
Dilute hydrofluoric acid may, for exanple, be formed by a m xture of 1 part
of concentrated (49% hydrofluoric (HF) acid and 25 parts of water H20O
This mxture is also 9 commonly known as 25:1 HF. Another commonly used
waf er cleaning solution is a mxture of concentrated sul phuric acid and
hydr ogen peroxi de, commonly known as piranha solution. [0033] The
recess-resistant layer 224 of the buried insulator stack 212 preferably
conpr i sesisolatiafi. dlhe semicendvatos piateriak ¢pastithing the petive layer 310 iy eraferahlipsidicer, bk
rates in comonly used wet cleaning solutions such as the above-nentioned
cheni cal smay alsobarnyotisr clagesthlsemi¢onditonsuch &, gerthanityuy anghlloy seuikatdoctost ack
212 surface is exposed to common wet cleaning etchant$ in regi ons not
covered fHiyhbhdhdli®oameanandun} @anyresapouddGemithaducee esh-as @silisinandenida yeinddigd
therefore mnim zes the reduction in the physical thickness of the buried
i nsul at or pisptéie. 212. This | ayer 224 also prevents the formation of a
significant recess in the exposed portion of the buried insulator stack
212. [0034] In the preferred enbodi nent, the recess-resistant |ayer 224 is
conpri sedp@fesi | iThRRemitbhducte nleSasP16 afd iSdldied froMaheiibRirita 2 €0 B a buried
stoichionetric silicon nitride Si3Nd in 25:1 HF is about 1 to

insulator stack 212, as schematically shown in Figure 3. The substrate 210 is preferably a silicon
substrate, which is typically undoped but may be lightly doped. Other materials such as

germanium, quartz, sapphire, and glass could alternatively be used as the substrate 214 material.

[0030] According to the preferred embodiment of the present invention, the buried insulator
stack 212 comprises at least a layer of recess-resistant layer 224, which is resistant to éommonly
used wafer wet cleaning solutions. That is, the etch rate of the recess-resistant layer is extremely
slow in commonly used wafer wet cleaning solutions so that the total amount etched is
negligible. The thickness of the recess-resistant layer may range from about 2 angstroms to

about 1000 angstroms, and is more preferably from about 10 angstroms to about 200 angstroms.

[0031] The recess-resistant layer 224 overlies a first dielectric layer 226. The first dielectric
layer 226 can be a dielectric material sucﬁ as silicon oxide, for example, and may have a
thickness r.anging from about 100 angstroms to about 5000 angstroms. Other dielectric layers
such as silicon nitride, silicon oxynitride, aluminum oxide, or silicon carbide, as examples, can

be used as the first dielectric layer 226.

[0032] To form isolation trenches 222, one commonly used wet cleaning solution is dilute
hydrofluoric acid. Dilute hydrofluoric acid may, for example, be formed by a mixture of 1 part

of concentrated (49%) hydrofluoric (HF) acid and 25 parts of water H,O. This mixture is also



6 angstrons per mnute. The etch rate of thermally grown silicon oxide in
25:1 HF is nore than ten tines higher, e.g., about 100 angstrons per

m nute. By using silicon nitride as a recess- resistant |layer on the top
surface of the buried insulator stack, as illustrated in Figure 3, the
recess in the buried insulator can be9reduced by nore than ten tines.
[0035] Other recess-resistant materials can be used to form | ayer 224. For
exanple, the |ayer 224 could be a nitrogen containing |ayer other than

Si 3N4. For exanple, the recess- resistant |ayer 224 could conprise of
silicon nitride Si XNy, silicon oxynitride Si OXNy, silicon oxine
SiO,Ny:HZ, or any conbinations thereof. [0036] In another enbodi nent of
the present invention, the recess-resistant |ayer 224 is not the topnost
| ayer of the buried insul ataor st@ﬁk 212. For example, Fiqure 4 illustrates

an 10 embexinmeny kogver & rkHBuAngder saumnlpised aige cleaning selpiiioheis 2 gixture of

bottom nost dielectric |ayer 226. The bottom nost dielectric |ayer 226 is
pr ef er abl yorsentiatedrsulphpdeacidand hydingen pergxide. isemmenby knowniag piranbefoladori | i con
oxynitride and al um num oxi de. The thickness of the first dielectric |ayer
is preferably fromabout 100 angstrons to about 5000 angstrons. [0037] The
recess-reffiodllant Theyesespraishyidaydr@d4 phike beriadonsulaser St@kéﬁllgétqqu ebly agraprie96.
The recess-resistant layer 224 in this enbodinment is preferably silicon
nitride. Zdelacacaszenadiathasvery dlaw er ndghgibleatftdrrate in cipouenl Pused vaeb diasnid®00
angstrons thick and nore preferably fromabout 10 to about 200 angstrons
t hi ck. | nséllions sedhes tlechbendoentiverd chankieals excsehsione shsdhawh ih Bigare 3) 2 Hugisd an
etch rate that is at | east about ten tines |less than the etch rate of the
second di @isgltor ktecl 2IPasirfaecdSs exposed to common wet cleaning etchants in regions not covered

by the semiconductor mesas 216. The recess-resistant layer 224 therefore minimizes the

reduction in the physical thickness of the buried insulator stack 212. This layer 224 also

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

212.

[0034] In the preferred embodiment, the recess-resistant layer 224 is comprised of silicon
nitride (e.g., SisNy). The etch rate of stoichiometric silicon nitride SisNy4 in 25:1 HF is about | to
6 angstroms per minute. The etch rate of thermally grown silicon oxide in 25:1 HF is more than
ten times higher, e.g., about 100 angstroms per minute. By using silicon nitride as a recess-
resistant layer on the top surface of the buried insulator stack, as illustrated in Figure 3, the

recess in the buried insulator can be reduced by more than ten times.

[0035) Other recess-resistant materials can be used to form layer 224. For example, the
layer 224 could be a nitrogen containing layer other than Si3sN4. For example, the recess-
resistant layer 224 could comprise of silicon nitride Si Ny, silicon oxynitride SiO,N,, silicon

oxime SiO:N,:H,, or any combinations thereof.

[0036] In another embodiment of the present invention, the recess-resistant layer 224 is not

the topmost layer of the buried insulator stack 212. For example, Figure 4 illustrates an



[ 0038] The second dielectric |ayer 228 overlies the recess-resistant |ayer
224. In this enbodinent, the second dielectric layer 228 is in contact
with the sem conductor nmesas 216 and is preferably silicon oxide. The
second dielectric |ayer 228 serves the purpose of providing a high quality
interface between the buried insulatotOstack 212 and the sem conduct or
mesas 216. It is known that the interface between silicon oxide and
silicon has a nuch better and lower interface state density than the
interface between silicon nitride and silicon. [0039] A second dielectric

| ayer 228 with good interface properties and low bulk trap density can be
hel pful to achi eve good el ectrical characteristics in the active devices
(not shown in Figure 4). This interface can be especially inportant in
active devices with ultra-thin body thicknesses, in which case the nobile
carriers ¢mbndimgnt weergdaburisd 1@5@?%@381&&1?@9@#8&#@@@ -ppy Sielecicdsyen26 t o
the interface between the active |layer 210 and the buried insul ator stack
212. For Tixtattpinenost diglsptid leyearYeis roefewblyrsgison exide bait megbe tipeothaydisbdctriche
buried insulator stack 212 nay degrade the carrier nobility in the channel
regi on of sugh asdilicoa-okimitrideady alunmamsn exide. The tBickhasbdf ihe fist dividctrizrlayegis The use
of a high quality second dielectric layer 228 with a |ow bulk trap density
and a | opyeferibByr fr@t abdut AP0 sigRBbhY toetbsUr SO0 bigtromebi | i ty degradati on due to
Coul onbi c scattering is kept to a mninmum [0040] In addition, since the
second dielectric layer 228 m ght not have a very slow etch rate in conmon
wet cl eanjongy] SOl Uthe @stassadasistamylayee 204 6Wrked thybdtit-mbsaivle@ricrldtnenshe t he

t hi ckness of the second dielectric |ayer 228 is preferably kept very thin

to limt thessacsmunt 1a9ér 28GR &Ss dobdditBent is preferably silicon nitride. The recess-resistant
layer is preferably about 2 to about 1000 angstroms thick and more preferably from about 10 to
about 200 angstroms thick. In the preferred embodiment, the recess-resistant layer 224 has an

etch rate that is at least about ten times less than the etch rate of the second dielectric layer 228.

[0038] The second dielectric layer 228 overlies the recess-resist;ant layer 224. In this
embodiment, the second dielectric layer 228 is in contact with the semiconductor mesas 216 and
is preferably silicon oxide. The second dielectric layer 228 serves the purpose of providing a
high quality interface between the buried insulator stack 212 and the semiconductor mesas 216.
It is known that the interface between silicon oxide and silicon has a much better and lower

interface state density than the interface between silicon nitride and silicon.

[0039] A second dielectric layer 228 with good interface properties and low builk trap
density can be helpful to achieve good electrical characteristics in the active devices (not shown
in Figure 4). This interface can be especially important in active devices with ultra-thin body
thicknesses, in which case the mobile carriers flowing between the source and drain are in close
proximity to the interface between the active layer 210 and the buried insulator stack 212. For
€xample, trapped charges or charge centers near the top of the buried insulator stack 212 may

degrade the carrier mobility in the channel region of an ultra-thin body transistor by Coulombic



buried insulator stack. If the second dielectric layer is silicon oxide,
the recess of the buried insulator stack in the exposed portion wll be
approximately equal to the thickness of the second dielectric |ayer 228.
According to the preferred enbodi nent, the second dielectric |ayer 228 nmay
have a thickness in the range of about110 to about 200 angstrons. [0041]
Fi gures 5a and 5b show the cross-sections of the SO substrate structures
according to the preferred enbodi nent of the present invention. One
feature of the preferred enbodinent is the recess-resistant |ayer 224. The
starting SO substrate 200 includes a sem conductor active |ayer 210
overlying a buried insulator stack 212, where the buried insulator stack
includes at |east a recess resistant |ayer 224. In the enbodi ment of

Figure 5a, the recess- re tan in contact with the active
| ayer 210scafefings ThBsqf, e {“ws %)@@F‘ d&i% cofriflays PR ith ade Rilhtragidgestty and 5

In the enbodi nent of Flgure 5b, the recess-resistant |ayer 224 is
sandwi chealldwyinterfaceirapedonsity capwies thatanobilitydggradagion e pr@oulapbip sentissng intkert nay
be best manufactured by a wafer bonding process. [0042] An exanple of how
a subst r atom mhirkargur e 5b nmay be formed is to be described next wth
respect to Figures 6a-6f. In the preferred enbodinent, the first dielectric
| ayer 226 and second dielectric |ayer 228 are silicon oxide and the
recess-repost]ant Ihagdtion2ihce thes¢dond dislagiricrlaybe 228 Right getrhravéa vehiclew ecthated| e
or target wafer 200 that conprises a silicon nitride recess-resistant
| ayer 224imsoaimhon we ciahing sélutibng hatinny be temyosed BR the efeasing salotiorsxthel ¢hickhhes
first dielectric layer 226 is provided on a silicon substrate 214.
of the second dielectric layer 228 is preferably kept very thin to limit the amount of recess in the
buried insulator stack. If the second dielectric layer is silicon oxide, the recess of the buried
insulator stack in the exposed portion will be approximately equal to the thickness of the second
dielectric layer 228. According to the preferred embodiment, the second dielectric layer 228

may have a thickness in the range of about 10 to about 200 angstroms.

[0041] -Figures 5a and 5b show the cross-sections of the SOI substrate structures according
to the preferred embodiment of the present invention. One feature of the preferred embodiment
is the recess-resistant layer 224. The starting SOI substrate 200 includes a semiconductor active
layer 210 overlying a buried insulator stack 212, where the buried insulator stack includes at
least a recess-resistant layer 224. In the embodiment of Figure Sa, the recess-resistant layer 224
1s in contact with the active layer 210 and is the upper-most layer of the buried insulator stack
’212. In the embodiment of Figure 5b, the recess-resistant layer 224 is sandwiched by two other

dielectric layers 226 and 228. Such substrates may be best manufactured by a wafer bonding

process.

[0042] An example of how a substrate of Figure 5Sb may be formed is to be described next
with respect to Figures 6a-6f. In the preferred embodiment, the first dielectric layer 226 and

second dielectric layer 228 are silicon oxide and the recess-resistant layer 224 is silicon nitride.



[0043] The target wafer of Figure 6a may be fornmed by a thermal oxidation
of a silicon. substrate 214 followed by a silicon nitride deposition. The
thermally grown silicon oxide |ayer nay have a thickness in the range of
about 100 to about 5000 angstronms. The silicon nitride |ayer may be
deposited on the silicon oxide |layer b2 chem cal vapor deposition (CVD)
using gas species such as ammonia and silane. The silicon nitride |ayer
may be deposited to a thickness of about 2 to about 1000 angstrons, and
nore preferably fromabout 10 to about 200 angstronms. [00441 Referring now
to Figure 6b, a donor wafer 205 includes a thin silicon oxide |ayer 228 on
a silicon substrate 230. lons 232, e.g., of hydrogen or an inert gas such
as helium argon, neon, krypton, xenon, and conbi nations thereof, are

i mpl anted into the donor wafer 230 through the second dielectric |ayer
228. The $egiorkh shpwes @bandlecon targetrwafag2004hay cehprisbhb yiliaos hikrideasceoxicsistant ayer .
[ 0045] The peak of the inplanted ions is at a depth xd below the interface
bet ween s ldyst 22dtoerliG0a firntl dskecoivdayi 2@t siliconlogider TR Rrst diBRckiEMyaNRGs | Ons
result in an inplanted |ayer 234 and a silicon film 224, as shown in

Fi gur e 6b prdvitetl bea piliebresubegaterbndi nent, the inplanted ions are hydrogen
ions. The dose of the inplanted ions nay be approximately 1015 CM -2 or

hi gher. The inplantation energy depends on the desired inplant depth, and

may gener gdoky] r arfe thipetwaboaftFigure K&€Maf Be 8RRBA bPL hekBM-oxIdABo ¢ 41 RE,. Xd

defines the thickness of the active |ayer 224 on the silicon-on-1nsul ator

subst r at e s@Qfate Thefollowsd BRY siliSor MBARMSSiRY. ahy ﬁ{ehﬁéﬂéy Sbwh §ﬁi@5}} Hver

i ncluding beam line ion inplantation, plasna inmrersion’ion inplan aridn

(Pil1) or pja9Ra®AihRkresd # the range of about 100 to about 5000 angstroms. The silicon nitride
layer may be deposited on the silicon oxide layer by chemical vapor deposition (CVD) using gas

species such as ammonia and silane. The silicon nitride layer may be deposited to a thickness of

about 2 to about 1000 angstroms, and more preferably from about 10 to about 200 angstroms.

[0044] Referring now to Figure 6b, a donor wafer 205 includes a thin silicon oxide layer
228 on a silicon substrate 230. lons 232, e.g., of hydrogen or an inert gas such as helium, argon,
neon, krypton, xenon, and combinations thereof, are implanted into the donor wafer 230 through

the second dielectric layer 228. The second dielectric layer 228 is preferably a silicon oxide

layer.

[0045] The peak of the implanted ions is at a depth x4 below the interface Between substrate
230 and second dielectric layer 228. The implanted ions result in an implanted layer 234 and a
silicon film 224, as shown in Figure 6b. In the preferred embodiment, the implanted jons are
hydrogen ions. The dose of the implanted ions may be approximately 10" cm™? or higher. The
implantation energy depends on the desired implant depth, and may generally range from about 1
keV to about 500 keV. The value of Xq4 defines the thickness of the active layer 224 on the
silicon-on-insulator substrate 200. The ions may be implanted by a variety of techniques,

including beam line ion implantation, plasma immersion ion implantation (PIIY) or ion shower.



Hydrogen ions are desirable because they easily travel through the
substrate material to the selected depth wi thout substantially damagi ng
the material. [0046] The next process step is the bonding of the top
surface of the donor wafer 205, i.e., the surface of the second dielectric
228, to the top surface of the handl elwafer 200, i.e., the surface of the
recess-resistant |ayer 224. This bonding process is illustrated in Figures
6¢c and 6d. The bondi ng process may be a beta bondi ng process known and
used in the art. Beta bonding is a relatively weak bondi ng process that
joins the donor wafer and the target wafer together. It is believed that
beta bonding arises fromelectrostatic or van der Waals forces. [0047] Beta
bondi ng produces a joint 236 between the donor wafer 205 and the target

waf er 200. The target wafer 200 will act as_a nmechanical support for the
thin fil nilpdrogde iensmpt desireiie becauseteyeasiydmyek thoyely th subpirateryeaterial mthe
dielectric layer 228 when the thin filmstack is separated fromthe donor
waf er 205seldeted depth withewtgubssmtipibpdamagingdle malesal of the wafers to be bonded
are preferably cleaned to renove any residual liquids or particles from
the wafer surfaces. [00481 The bonding process forns a wafer assenbly, as
shown in Bo4plir e Gthe nTHiprogassestep inthe bandiys pkthe inprsudfagsaf headpnor wathe2QSesé-1 i on
of the inplanted |ayer 234 using a wafer separation process known and used
i n the arthe sirfitce eRéiapécond tiekcia 2@, te dppdomsurfape pff the basllcwrfeb200;, né.f that ed by

a heat treatnent. Wien the tenperature of the wafer assenbly rises above a
certai n | gifke ofth@recess-adintint BHE 22dg T Dofdihg prosess s itlnsntddlih Fiputaareordd 641 t he
i npl anted | ayer 234 expand and pressure builds up. Wien the pressure in
the m cr oppdilamerecesdsaytbeictaionding puesstiiewt @fidiisedad e a0 Betaonling @ 1 t
off along a cl eavage plane. This is a controlled cleaving process and al so

Known as @ relatively weak bonding process that joins the donor wafer and the target wafer together. It is

believed that beta bonding arises from electrostatic or van der Waals forces.

[0047] Beta bonding produces a joint 236 between the donor wafer 205 and the target wafer
200. The target wafer 200 will act as a mechanical support for the thin film stack comprising of
the silicon film 210 and the second dielectric layer 228 when the thin film stack is separated
from the donor wafer 205. Prior to beta bonding, the surfaces of the wafers to be bonded are

preferably cleaned to remove any residual liquids or particles from the wafer surfaces.

[0048] The bonding process forms a wafer assembly, as shown in Figure 6d. The wafer
assembly is then separated at the position of the implanted layer 234 using a wafer separation
process known and used in the art. For example, the wafer separation process can be initiated by
a heat treatment. When the temperature of the wafer assembly rises above a certain level, e.g.,
about 500 degrees Celsius, microbubbles formed in the implanted layer 234 expand and pressure
builds up. When the pressure in the microbubbles exceeds a certain value, the donor wafer 205
will split off along a cleavage plane. This is a controlled cleaving process and also known as a

SmartCut™ process, available from Silicon Genesis Corporation. It is believed that this



Smart Cut TM process, available fromSilicon Genesis Corporation. It is
believed that this 14 separation occurs because a crystalline rearrangenent
and coal escence of m crobubbl es occurs to form nmacrobubbles with sufficient
kinetics to separate the thin filmstack fromthe donor wafer. [0049] One
of the separated wafers is a reusabl el4ilicon substrate. The ot her
separated wafer is a hybrid SO substrate 200 with a silicon nitride
recess-resi stant |layer 224, as shown in Figure 6e. [00501 Follow ng the
waf er separation process, final bonding between the thin film stack

224/ 210 and the target wafer 200 is perforned to yield the desired
recess-resistant SO substrate. This bonding usually requires a high
tenperature anneal, where the annealing tenperature is typically above
about 700 degrees Celsius. The final bonding step creates a strong bond
bet ween $epaatidnioacurs bepasteacityskiiiiexegrangameniand avajgstense pEMicRg@bblps odeyrs to

beli eved that coval ent bonds are form at the joint 236 when the wafer is
anneal at fopm glatdobwtibmstvwith duiffiffiertt kinptiesad separatcthe ¢his i staclefidm plerdoodr watr.t i ne.
During the annealing, a |layer of thermal oxide 238 may be grown on the
silicon thin film210 surface, as shown in Figure 6f. The thermal oxide

| ayer 238ppomy be Onewbthedepyated wefers iet cdusabibe sllitomtsabdisact: Gfhe wdret sepamated. ( 0051]
Several other conbinations of donor and target wafers in the wafer bonding
and waf efafeRahgbidPO! ROMRIERE0 ®Eh & eitics Ketlilcpéryd-@bistayt Lyer 224, @SsHotwniin t he
formati on of the sane substrate of Figure 5b. Two exanpl es of these other
conbi nati pfg.ace schematically illustrated in Figures 7a and 7b. In Figure
7a, the target wafer 200 conprises a second dielectric |ayer 228

[0050] Following the wafer separation process, final bonding between the thin film stack
224/210 and the target wafer 200 is performed to yield the desired recess-resistant SOI substrate.
This bonding usually requires a high temperature anneal, where the annealing temperature is
typically above; about 700 degrees Celsius. The final bonding step creates a strong bond between
the thin film stack 224/210 and the target wafer 200. It is believed that covalent bonds are form
at the joint 236 when the wafer is anneal at a sufficiently high temperature for a sufficient period
of time. During the annealing, a layer of thermal oxide 238 may be grown on the silicon thin
film 210 surface, as shown in Figure 6f. The thermal oxide layer 238 may be removed by a wet

etch in dilute hydrofluoric acid.

{0051} Several other combinations of donor and target wafers in the wafer bonding and
wafer separation technique as described previously will result in the formation of the same
substrate of Figure 5b. Two examples of these other combinations are schematically illustrated
in Figures 7a and 7b. In Figure 7a, the farg;et wafer 200 comprisgs a second dielectric layer 228
on a recess-resistant layer 224 on a first dielectric layer 226 formed on a substrate 214, while the
donor wafer 205 has a silicon film 210 on an implanted layer 234 on a substrate 230. Bonding
the top surfaces of the target and donor wafers 200 and 205 of Figure 7a involves the bonding of

the silicon film 210 to the second dielectric layer 228.



on a recess-resistant layer 224 on a first dielectric layer 226 forned on a
substrate 214, while the donor wafer 205 has a silicon film 210 on an

i npl anted | ayer 234 on a substrate 230. Bonding the top surfaces of the
target and donor wafers 200 and 205 of Figure 7a involves the bonding of
the silicon film210 to the second difgectric |ayer 228. 15 [0052] In
Figure 7b, the target wafer 200 conprises a recess-resistant |ayer 224a on
a first dielectric |layer 226 formed on a substrate 214, while the donor
waf er 205 has a recess-resistant |ayer 224b on its top surface. Bonding
the top surfaces of the target and donor wafers 200 and 205 of Figure 7b

i nvol'ves the bonding of the recess-resistant |ayer 224b in the donor wafer
to the recess-resistant layer 224a in the target wafer. The conbi nati on of
the two | ayers 224a and 224b w Il provide the recess-resistant |ayer 224.

[0053] It [dcszjundelnskigad 7bags @arrgét%féxozdofﬂoﬁlghgb‘é%%'ke%gms%sga%% g&%ﬁzéﬁ%ﬁé&%ﬁ of

Figure 5a may simlarly bei ng manufacture y a wafer

separ at i oRjefgRirfagyer P06 tdifed BRI LB G e ﬁqowgfle e ofx%sngfsxi %&eharﬁ%%gge%é;%%{ag ant

| ayer 224 is the upper-nost |ayer in the burie _

i1 con 1o 25 a2 pBady Bt B Surtls o B Bt o domibovarers Q00501
and the t . . rise o a silicon nitride recess-resistant
| ayer 224%%@%@?&35 g{vgjlxllelgglono (ﬁf’%i%fftpf fesessaryiant davpr234hyia thexdpgor wiferto then

turn overl | .Sl lkco ubstrate 214. This conbinati on can be seen from
robRerebiant Ly 90%a i e Targos avader. (The cembigetiongfitles twpOaydrs22atand 224b

Figure 7a,
provi ded. [.0054] he precedi ng description relates to nmethods of
manuf act u P'Jl'lg&r °¥'bﬁ1'-{ 6ﬁ%ﬁ%{e§ﬁtﬁgﬁa}’€r 224,

[0053] It is understood, according to this invention, that the substrate of Figure 5a may
similarly being manufactured by a wafer bonding and wafer separation method. In the substrate
200 of Figure 5a, the recess-resistant layer 224 is the upper-most layer in the buried insulator
212. As an illustration, to produce such a substrate, the donor wafer may comprise a silicon film
210 on an implanted region 234 on a silicon substrate 230, and the target wafer may comprise of
a silicon nitride recess-resistant layer 224 overlying a silicon oxide first dielectric layer 226
which in turn overlies a silicon substrate 214. This combination can be seen from Figure 7a,

where the top layer 228 of the target wafer 200 is not provided.

[0054] The preceding description relates to methods of manufacturing semiconductor-on-
insulator substrates with a recess-resistant layer using a donor wafer with an implanted layer. In
those cases, the wafer separation js initiated by a heat treatment. According to another method
embodiment of this invention, the donor wafer may depénd on other mechanisms to initiate the
cleavage process for wafer separation. For example, the wafer separation process may be an
atomic layer cleaving process or nanocleave process, such as the one described by Michael L.
Current et al,, ina paper entitled “Atomic layer cleaving with SiGe strain layers for fabrication

of Si and Ge-rich SOI device layers,” published in pp. 11-12 of the proceedings of the 2001



i nsul ator substrates with a recess-resistant |ayer using a donor wafer with
an inplanted layer. In those cases, the wafer separation is initiated by a
heat treatment. According to another nmethod enbodinent of this invention,

t he donor wafer may depend on other mechanisns to initiate the cleavage
process for wafer separation. For exahgle, the wafer separation process may
be an atom c |ayer cleaving process or nanocl eave process, such as the one
described by Mchael I. Current et al., in a paper entitled "Atom c | ayer
cleaving with SiGe strain layers for fabrication of Si and Ge-rich SO
device layers," published in pp. 11-12 of the proceedi ngs of the 2001 16

| EEE I nternational SO Conference (October 2001) and incorporated herein by
reference. The nanocleave transfer process results in a |ayer separation
using a strain-layer cleave plane. [00551 Figures 8a-8e will now be used to

descri be 3EFRIntsetignal EH Honérence ﬁ@Ctab"étzP%)rﬂé incgipptatasrhesmin byeefirencer ThSSOl )
substrate with a recess-resistant buried insulator layer. In this

enbodi menmanoglengrieineferprogess trsltainfadayep eeparation stimgwstiamn-Riygunleveplans.s

provi ded. The target wafer conprises a silicon nitride recess-resistant

| ayer 224 overlying a first dielectric |ayer 226, preferably conprising
silicon ofiodd. ThaEgdres 8a-8aiwdl muy bé wsefl fyydascitirg m@thqntt ofmatméhcoming asirhinebn
substrate 214. [0056] A donor wafer 205, as shown in Figure 8b, is .
provi ded. silihen-civinsulatna(SSOIorbptrite eith aaeets-@bistent-baiikd osulatoalsger. 24 Mis on a

rel axed silicon-germanium (Si Ge) |ayer 240. The substrate 230" wunderlying
the rel axemb&lifient| alymidlestGargerywdier 200 5dslshewminifgt BatiepRvidad. STKFagdbsikAL €,

as exanples. In the case where the substrate 230" is SiGe, the gernanium
conposi t i @Bmprikeé A Silicon nitride recess-resistant layer 224 overlying a first dielectric layer 226,
preferably comprising silicon oxide. The first dielectric layer 226 is provided on a silicon

substrate 214.

[0056] A donor wafer 205, as shown in Figure 8b, is provided. The donor wafer comprises
a strained-silicon layer 210' on a relaxed silicon-germanium (SiGe) layer 240. The substrate 230"
underlying the relaxed SiGe layer 240 may be a silicon substrate or a SiGe substrate, as
examples. In the case where the substrate 230" is SiGe, the germanium composition in the

relaxed SiGe layer 240 and that in the substrate 230" may be the same or may be different.

foo57] The thickness of the strained silicon layer 210" is preferably less than about 500
angstroms and the strain may vary from about 0.01% to about 4%. The germanium atomic
concentration in the relaxed SiGe layer 240 may range from about 0% to about 100%. There is
an interface between the Stfained stlicon layer 210" and the relaxed SiGe layer 240 and a large
strain gradient exists across this interface. The strained silicon layer 210" and relaxed SiGe layer

240 may be epitaxially grown using chemical vapor deposition.

[0058] In another embodiment, the donor substrate 230" may comprise a material that has a
lattice constant that is different than that of silicon. For example, if the strained silicon layer 210’

is to be comprised of a tensile strain, the bulk substrate 230' of the donor wafer 205 should have



rel axed Si Ge layer 240 and that in the substrate 230" may be the sane or
may be different. [0057] The thickness of the strained silicon |ayer 210
is preferably | ess than about 500 angstrons and the strain nay vary from
about 0.01%to about 4% The germanium atom c concentration in the rel axed
Si Ge | ayer 240 may range from about Ofgto about 100% There is an
interface between the strained silicon layer 210" and the rel axed Si Ge

| ayer 240 and a large strain gradient exists across this interface. The
strained silicon layer 210" and rel axed Si Ge layer 240 may be epitaxially
grown using chem cal vapor deposition. [0058] In another enbodinent, the
donor substrate 230" may conprise a material that has a lattice constant
that is different than that of silicon. For exanple, if the strained
silicon layer 210' is to be conprised of a tensile strain, the bulk

subst r at e Re cafstahtiargdpthen thapdfailica . & osillidsifedregokha@umablGe) @ N StRNt
| arger than that of silicon, e.g., a bulk silicon-germanium (Si Ge) wafer.

I'f the sgfpiedsitics licGon0isdde cahBrisddof b QomBreSMENa e theHulEsub QPR ﬁﬁﬁiﬁve
strain, the bulk substrate should have a lattice constant smaller than

that of sjdik G ®hiceRofstant 3mbtr haf ithds Spﬁri&fﬁg ni Hﬂﬁ(%ﬁcgf'?—@{aﬁ’?r?@%g%ﬂg@ er. In

order for the lattice constant of S GeC fo be sma silicon,

the conpEssidQLsgf ' . i.tiqn arbhan_.y...in t,he bul k
el AL o SR e AR
are provi L. ndi.-ng .a ication. Seri . 002, e
appl i cat :c (léoﬁgqogﬁf“r?]_(g:f(‘)&%g?%?ed{ ﬁ%’glﬂg’l cﬁ“@?:ltl?ré?f;?&r?ﬁé' “(;f ’?éfqﬁ*a'l ‘ﬁ‘é,bf’ o the
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Serial No. (TSMC2002-1384), which application is incorporated herein by

reference.

[0059] Returning to the process flow of Figure 8, the top surface of the donor wafer 204 is
bonded to the top surface of the target wafer 200. The wafer bonding process is illustrated in

Figure 8c. The resulting wafer assembly is schematically shown in Figure 8d.

[0060] A cut or cleave can be made at or near the interface between the strained silicon
layer 210" and the relaxed SiGe layer 240 using a process similar to the nanocleave process. The
cleave plane will be initiated near the interface between the strained Si layer 210' and the
reléxed—SiGe layer 240. Following the wafer separation process, final bonding between' the
strained silicon layer 210' and the target wafer 200 is performed to yield the desired recess-
fesistant SOI substrate. This final bonding typically requires a high temperature anneal, where
the annealing temperature is typically above about 700 degrees Celsius. This results in the
formation of a strained-Si layer 210" on an insulator structure 212 as illustrated in Figure 8e. The

donor wafer 205 can be reclaimed and reused.

[0061] A process of forming a device of the present invention has been described to include

a wafer bonding and separation process. As examples, the wafer bonding and separation process

™ . e .
can be a Smartcut'™ process, or a Nanocleave ™ process, both available from Silicon Genesis



bonded to the top surface of the target wafer 200. The wafer bondi ng
process is illustrated in Figure 8c. The resulting wafer assenbly is
schematically shown in Figure 8d. [0060] A cut or cleave can be nmade at or
near the interface between the strained silicon |ayer 210" and the rel axed
Si Ge | ayer 240 using a process simlatgto the nanocl eave process. The
cleave plane will be initiated near the interface between the strained S
| ayer 210" and the relaxed-Si Ge | ayer 240. Followi ng the wafer separation
process, final bonding between the strained silicon [ayer 210" and the
target wafer 200 is perforned to yield the desired recess- resistant SO
substrate. This final bonding typically requires a high tenperature anneal
where the annealing tenperature is typically above about 700 degrees
Cel sius. This results in the formation of a strained-Si |ayer 210" on an
i nsul at or CeperationrRet@ilsofdonding arst separation pro¢ésgpsaee B, pravided id dh®.rPavaf Nos. 205
can be reclainmed and reused. [0061] A process of formng a device of the
present i pOENEI106,314564) 6863 BB8@;IN5d 11 @360 s 648608] eabl BEfkvRigh &nd
separation process. As exanples, the wafer bondi ng and separation process
can be a geBpbated iMeinBoeeséce.or a Nanocl eaveTM process, both avail abl e
fromSilicon Genesis 18 Corporation. Details of bonding and separation
processes are al so {ovided.in U S. Patent Nos. 5,013,681, 5,374,564,
5, 863, 83010071 355 ,IBWQ, begppengiatpgdhat Sheptiginggailigoms on-ingulgtas substipte fitha recess-
incorporated herein- by reference. [0062] It will| be appreciated that the
st r ai ned- Esistapdaves may bs magufetusadihyitheahovomafer hondiegeand waferseparation nieflyask  may
be manufactured by the above wafer bonding and wafer separation nethod
using other combinations of donor and target wafers. For example, the donor wafer may have a

silicon. oxide overlying the strained silicon layer, or a silicon nitride on a silicon oxide stack
overlying the strained silicon layer, and the target wafer may have a silicon oxide layer overlying

the recess-resistant layer.

[0063] The processes described above utilize wafer bonding and separation techniques. It is
understood, however, that the present invention could also be achieved using deposition
processes. For example, the recess-resistant layer 224 (see e.g., Figure 5a or 5b) can be
deposited over the first dielectric layer 226, for example using a chemical vapor deposition
process. The second dielectric layer 228, if used, could then be deposited over the recess-

resistant. layer 224 followed by an epitaxial growth of the semiconductor layer 210.

[0064] The preceding description of the present invention relates to the formation of
substrates with recess-resistant layers. The present invention not only teaches the formation of
such substrates, but also devices fabricated on such substrates. A method of forming a
semiconductor-on-insulator chip with mesa isolation and a recess-resistant layer is to be

described next.

[0065] Referring now to Figures 9a-9d, cross-sections of the wafer are illustrated through
the process of forming the semiconductor-on-insulator chip with mesa isolation and recess-

resistant layer. The starting substrate, as shown in Figure 9a, is one of the substrates previously



usi ng ot her conbi nati ons of donor and target wafers. For exanple, the donor
wafer may have a silicon. oxide overlying the strained silicon |layer, or a
silicon nitride on a silicon oxide stack overlying the strained silicon

| ayer, and the target wafer may have a silicon oxide |ayer overlying the
recess-resistant |layer. [0063] The prpgesses descri bed above utilize wafer
bondi ng and separation techniques. It is wunderstood, however, that the
present invention could al so be achi eved using deposition processes. For
exanpl e, the recess-resistant |ayer 224 (see e.g., Figure 5a or 5b) can be
deposited over the first dielectric |ayer 226, for exanple using a chem cal
vapor deposition process. The second dielectric |ayer 228, if used, could
t hen be deposited over the recess- resistant. |ayer 224 followed by an
epitaxial growmh of the sem conductor |ayer 210. [0064] The precedi ng

descri pt i @Reridled.t Aendik @3B RlusédW@BfROR1LEIRIRS 21 PinttheadtiQt TRE 210 8f 2101, as

substrates with recess-resistant |ayers. The present invéntion not “only

teaches thgwhH FRLlc®8. The masCIISHBSIMREES anyIiskBoS2ardey & Ixr?ﬁ{skc? fAlgd on
such substrates. A nethod of form’'ng a se condict of ~on- i nsul ator e ip

W th nesa, | shak kBiRorPiddd s e ESH; ; is to be descrihed next.
[ 0065] Rerggring hOM/todFﬁgﬁﬁggﬁggi%%%%ggﬁgéﬁ%E%P#%ﬁgm% aﬁ?‘“ﬁﬁ?e?ﬁ%re
illustrat t s, of form t he .sem.conduct or - on-i nsul at or
chi p-i ¢ nTipkedt P8P s AORGSHD, Blm Pl B igtop R DR ARG i ygroine £
substrate§r9%£§Q§wn in Figure 9a, is one of the substrates previously 19
descri bed™R"TaSK D42 is used to define active regions 216 in the active

| ayer 210 (or 210'), as

[0066] Following active region definition using a mask, the active layer 210 is etched using

techniques known and used in the art. If the active layer 210 is comprised of silicon, a dry
plasma etch using fluorine chemistry may be used. The mask 242 is then removed to yield the

semiconductor mesas 216, the cross-sections of which are shown in Figure 9c.

[0067] The formation of the semiconductor mesas 216 exposes regions of the Buried
insulator 212 not covered by the semiconductor mesas. In the subsequent process steps, the
wafer may be subjected to wet cleaning, for example, before the wafer enters a gate dielectric
deposition or growth chamber. The wet cleaning solutions potentially etch into the buried
insulator and result in a recessed buried insulator if it is not protected by the recess-resistant layer
224. The recess-resistant layer 224, as shown in Figure 9c¢, has a very low etch rate in corﬁmonly
used wet cleaning solutions such as dilute hydrochloric acid, and minimizes the amount of recess

in the exposed surface of the buried insulator. Next, active devices are formed.

[0068] A typical active device or a transistor is formed as follows. The resulting structure is
shown in Figure 9d. The gate dielectric 244 may be formed by thermal oxidation, chemical
vapor deposition, or sputtering. The gate dielectric 244 may comprise a conventional materjal
such as silicon dioxide or silicon oxynitride with a thickness ranging from about 3 angstroms to
about 100 angstroms, preferably about 10 angstroms or less.' The gate dielectric 244 may also

comprise of high permittivity (high-k) materials such as lanthalum oxide (La,03), aluminum



shown in Figure 9b. The mask 242 may conprise any masking material known
and used in the art, such as silicon oxide, silicon nitride, silicon
oxynitride or photoresist, as exanples. The nask can also be forned froma
stack conprising, for exanple, a silicon nitride |layer overlying a silicon
oxi de | ayer. [0066] Follow ng active 2@gion definition using a mask, the
active layer 210 is etched using techniques known and used in the art. If
the active layer 210 is conprised of silicon, a dry plasm etch using
fluorine chem stry may be used. The nmask 242 is then renoved to yield the
sem conductor nesas 216, the cross-sections of which are shown in Figure
9c. [00671 The formation of the sem conductor nesas 216 exposes regions of
the buried insulator 212 not covered by the sem conductor nesas. In the
subsequent process steps, the wafer nmay be subjected to wet cleaning, for
exanpl e, tradalAdQshdafpiine pxidadPs hafnipm exyiitdde HION), orddpogimioanie ¢ZrQy),omt h
chanber. The wet cleaning solutions potentially etch into the buried

i nsul at or withheh eqswalent oxidathidkoes $€abdutiB aeghtrioms td @foat 100fangdtrols. not  pr ot ect ed
by the recess-resistant |ayer 224. The recess-resistant |ayer 224, as

shown in -FLgure . has.a very |ow etch, rate i.n.c I used wet cl eaning
sol ut i ons@%Eh agﬁla igfl%teéecﬁg’/%r%té HP%V?ri‘a lsgtéf'h‘,gepgﬁgdm ?%*}Q%é‘étef‘ﬁéw nt of
recess in the osed surface of the buried insulator. Next, active
devi ces aPAYAATEAE-SisadagY ATk oly oSl SHiromes s (el Sibisbiaderctony
formed as follows. The resulting structure is_ shown in Figure 9d. The gate
di el ect r i Betphsuchagmplybdenumeandiynasisa, somponndssueh asiitanisna pitridg, or otheror
deposition, or sputtering. The gate dielectric 244 may conprise a
convent i ofedugiingapaterials. A gte masksinot hefnissiefiors apd the yndedyinpgapninateriddswi t h a
t hi ckness rangi ng from about 3 angstrons to -
etched to form the gate electrode. The gate etch stops on the gate dielectric 244, and the gate is
electrically iéolated from the transistor structure by the gate dielectric 244. In the preferred
embodiment, the gate 246 material is poly-Si and the gate dielectric 244 is silicon oxynitride. A

plasma etch using chlorine and bromine chemistry may be used for the gate electrode etching,.

[0070] Afier gate 246 definition, the gate mask can be removed. The source and drain
extensions 248 are formed next. This may be achieved by ion implantation, plasma immersion

ion implantation (PIIL), or other techniques known and used in the art.

[0071} Next, a spacer 250 is formed on the sidewalls of the gate 246 by deposition and
selective etching of the spacer material. The spacer material may comprise of a dielectric
material such as silicon nitride or silicon dioxide. In the preferred embodiment, the spacer 250

comprises silicon nitride.

[0072] After spacer formation, source and drain regions 252 are doped by ion implantation,
PIII, gas or solid source diffusion, or any other techniques known and used in the art. Any

- implant damage or amorphization can be annealed through subsequent exposure to elevated
temperatures. The resistance of the source, drain, and gate can also be reduced by strapping the
source, drain, and gate with a conductive material (not shown). The conductive material may be

a metallic silicide such as titanium silicide, cobalt silicide, or nickel silicide. In the preferred



about 100 angstrons, preferably about 10 angstrons or |ess. The gate
dielectric 244 may also conprise of high permttivity (high-k) materials
such as | ant hal um oxi de (La203), al um num 20 oxi de (A1203), hafni um oxi de
Hf 02, hafniumoxynitride (HON), or zirconiumoxide (ZrQ2), with an
equi val ent oxi de thickness of about 3fngstrons to about 100 angstrons.

[ 0069] The gate electrode 246 nmaterial is then deposited. The gate materi al
may be polycrystalline-silicon (poly-Si), poly-crystalline
silicon-germani um (poly-Si G), a refractory netal such as nol ybdenum and
tungsten, conpounds such as titaniumnitride, or other conducting
materials. A gate nmask (not shown) is defined and the underlying gate
material is etched to formthe gate el ectrode. The gate etch stops on the
gate dielectric 244, and the gate is electrically isolated fromthe

t r ansi st oemigidineait, Ulieecohyiudtive ngetial dinélkelcsilidid: viéh mhbé foempd by esd¢lRaligned

enbodi nent, the gate 246 material is poly-Si and the gate dielectric 244 is
silicon oy4Nddd (shldRle) procddbasma et ch using chlorine and brom ne chem stry may
be used for the gate electrode etching. [0070] After gate 246 definition,
the gate mask can _be renoved. The source and drain extensgjons 248 are
formed nelf731Thi VhilsseralsapodimsatsRf theirventign.dagether sth mpdidationsthereah on

ion inplantation (Pl11), or other techniques known and used in the art.
[0071] Nehave beensdsagribed paiptgilherein ardiillysiratesan shecasopmpanyivg deavengfaitavilhe by
deposition and selective etching of the spacer material. The spacer

mat eri al emgent thapvariges wédification$ arepossible withent idgparting-fom thesscopecafithapresende or
silicon dioxide. In the preferred enbodi ment, the spacer 250 conprises

si |l i con ninventida. The examples given are intended to be illustrative rather than exclusive.



[0072] After spacer formation, source and drain regions 252 are doped by
ion inplantation, PIII, gas or solid source diffusion, or any other

t echni ques known and used in the art. Any inplant damage or anor phi zation
can be anneal ed t hrough subsequent exposure to elevated. tenperatures. The
resi stance of the source, drain, and gate can al so be reduced by strapping
the source, drain, and gate with a conductive material (not shown). The
conductive material may be a netallic silicide such as titaniumsilicide,
cobalt silicide, or nickel silicide. In the preferred 21 enbodi ment, the
conductive material is nickel silicide which may be forned by a
self-aligned silicide (salicide) process. [00731 Wil e several enbodinents
of the invention, together with nodifications thereof, have been described
in detail herein and illustrated in the acconpanying drawings, it will be
evi dent t haWHRATII® L AIMMD [Szat i ons -are possi bl e wi thout departing fromthe
scope of the present invention. The exanples given are intended to be -
illustrative rather than exclusive. 22 WHAT IS CLAIMED IS: 1 1. A

sem conddct &r - onAisesitbaduetorshlika jsing:. 2 a substrate; 3 a buried
i nsul ator stack overlying the su6§§§§?g¥2%%§mB%P%ed i nsul ator stack
including a 4 reabsgatsesi stant layer and a first dielectric |ayer, the
recess-resi stant |layer overlying the first 5 dielectric |layer; and

3 a buried insulator stack overl ying the substrate, the buried insulator stack including a

4  recess-resistant layer and a first dielectric layer, the recess-resistant layer overlying the first

5 dielectric layer; and

6 a semiconductor layer overlying the buried insulator stack.
— . . .

The structure of claim 1 wherein the semiconductor layer comprises silicon
1 3.

The structure of claim 2 wherein the semiconductor layer comprises strained silicon
1 4. - i i i
The structure of claim 3 wherein the strained silicon is under tensile strain

1 5. i i i .
The structure of claim 4 wherein the tensile strain has a magnitude of between about

2 0.01% and about 4%,

1 6. i i i
The structure of claim 1 wherein the semiconductor layer contains silicon and

2 germanium.

1 7 i i
The structure of claim 1 wherein the recess-resistant layer comprises a dielectric that has

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

1 8. i i
The structure of claim 1 wherein the recess-resistant layer comprises silicon nitride



6 a sem conductor |ayer overlying the buried insulator stack. 1 2. The
structure of claiml wherein the sem conductor |ayer conprises silicon. 3.
The structure of claim2 wherein the sem conductor |ayer conprises strained
silicon. 1 4. The structure of claim3 wherein the strained silicon is
under tensile strain. 1 5. The struct2age of claim4 wherein the tensile
strain has a nmagni tude of between about 2 0.01 % and about 4% 1 6. The
structure of claim1l wherein the sem conductor |ayer contains silicon and

2 germanium 7. The structure of claiml| wherein the recess-resistant |ayer
conprises a dielectric that has 2 an etch rate of less than 10 angstrons
per minute in a wet cleaning solution. 1 8 The structure of claiml
wherein the recess-resistant |ayer conprises silicon nitride. 23 1 9. The
structure of claiml wherein the recess-resistant |ayer has a thickness of
bet weeh 2 abolhe stoctursgdclasmd vwherrimthe mrcessaesistan dayeo hes 2 thickBess hlestweanuct ur e
of claim1 wherein the recess-resistant layer is in contact with the 2

seni cohdughoyt 10 angstromsland Bbodi?260 sugstromsr e of claim 1 wherein the buried

i nsul ator stack further conprises a second 2 dielectric |ayer overlying
the recess-resistant |ayer, the second dielectric |ayer being in contact 3

W th the sem Cﬂﬁ%ﬁfi&tﬂfe JrBWEh 1 wheten th%!?e%e?s'[-r%i{:s:té%{rlgyeﬁs i%lcgﬁtgg:tjwdht e’ ein the

second di el ectri ayer conprises silicon

2  semiconductor layer.

1 11.  The structure of claim 1 wherein the buried insulator stack further comprises a second

2 dielectric layer overlying the recess-resistant layer, the second dielectric layer being in contact

3 with the semiconductor layer.

1 12.  The structure of claim 11 wherein the second dielectric layer comprises silicon oxide.

1 13.  The structure of claim 11 wherein the second dielectric layer has a thickness of between

2 about 10 and about 200 angstroms.

1 14 The structure of claim 1 wherein the first dielectric layer comprises silicon oxide.

115, The structure of claim 1 wherein the first dielectric layer has a thickness of between

2 about 100 angstroms and about 5000 angstroms.

1 16.  The structure of claim 1 wherein the substrate comprises a silicon substrate.

T 17 A method of forming a recess-resistant semiconductor-on-insulator substrate, the method

comprising:

providing a donor wafer including a semiconductor film, the donor wafer having a top

4 surface;



1 13. The structure of claim1 | wherein the second dielectric |ayer has a
t hi ckness of between 2 about 10 and about 200 angstrons. 1 14. The
structure of claiml wherein the first dielectric |layer conprises silicon
oxide. 1 15. The structure of claim1l wherein the first dielectric |ayer
has a thickness of between 2about 1024&ngstrons and about 5000 angstrons.
116. The structure of claiml| wherein the substrate conprises a silicon
substrate. 117. A nethod of form ng a recess-resistant

sem conduct or-on-insul ator substrate, the method 2conprising: 3providing a
donor wafer including a sem conductor film the donor wafer having a top
4surface; 24 5 providing a target wafer conprising of a recess-resistant

| ayer overlylng a first dielectric 6 layer, the first dielectric |ayer
overlying a substrate, the target wafer having a top surface; 7 bonding the

top surface of préwdidpaGrgaaian coapfitigs b@re&&ﬁi@%&n@fayér%eﬁﬁﬁ@Ehrs‘f"ﬁfe%c and.
8 separating the sem conductor filmfromthe donor wafer, the sem conduct or

fil m adherlayw, thofitsoditletric dygebverigingra substih, ml;hﬁg&%mgq,a%gg nﬁ 4l wherein

the sem conductor filmconprises a silicon film 1 1 4°bf cl ai m

18 wherrei n t he vopdthg MRANCHRTacS b (12 & g film 1
20. The net hod of c%al mét?m va\l/ﬁeretl n %Wgﬁz?%g?ﬁpsﬂ %Coon etf“}%e{]‘g E‘ha’éq

tensil g strain -separating the semiconductor film from the donor wafer, the semiconductor film adhering

9  to the target wafer.

1 18.  The method of claim 17 wherein the semiconductor film comprises a silicon film.

1 19.  The method of claim 18 wherein the semiconductor film comprises a strained silicon

2 film.

1 20. The method of claim 19 wherein the strained silicon film is under tensile strain.

1 21.  Themethod of claim 20 wherein the tensile strain has a magnitude of between about

2 0.01% and about 4%.

1 .22, The method of claim 17 wherein the semiconductor layer contains silicon and

2 germanium.

1 23.  The method of claim 17 wherein the donor wafer further comprises a second dielectric,

the second dielectric being the topmost layer of the donor wafer.

' 24, The method of claim 17 wherein the donor wafer further comprises a recess-resistant

layer overlying the semiconductor film, the recess-resistant layer being the topmost layer of the

donor wafer,



1 21. The method of claim20 wherein the tensile strain has a magnitude of
bet ween about 2 0.01 % and about 4% 1 22. The nmethod of claim 17 wherein
t he sem conductor |ayer contains silicon and 2 germanium 1 23. The met hod
of claim 17 wherein the donor wafer further conprises a second dielectric,
2 the second dielectric being the top2®dst |ayer of the donor wafer. 1 24.
The nmethod of claim1l.7 wherein the donor wafer further conprises a
recess-resistant 2 layer overlying the sem conductor film the

recess-resi stant |ayer being the topnost |ayer of the 3 donor wafer. 25 1
25. The nmethod of claim 17 wherein the recess-resi stant |ayer conprises a
dielectric that has 2 an etch rate of less than 10 angstrons per mnute in
a wet cleaning solution. 1 26. The nethod of claim 17 wherein the

recessqyregssta r | nnitrid 27. .The thod of claim
17 wher ei nst heﬂ?eell([:‘%}s{? ?%gﬁtlgﬁﬁ% eglll et e%“&S‘?‘ﬁ?@RWég%mmS%é@@@wo that ipvut

10 angstrg Strons. . The nmethod of claim 17 wherein
the r ecess@glgf}g%(gﬁ Flg%gﬁ Wépf’ro‘BWB?th’aYVéFle@Png $dution. t ar get wafer. 1

29. The net hod of cIa|n117 mhereln the target wafer further conprises a
second dielectric 2 |layer overlying the recess-resistant |ayer, the second

di el ectri €6 ayBhe eheroftchamtiGpyiesdin the y&¥ksoksistaht Sye 36 @Btse¥ali6n nitride.

1 27.  The method of claim 17 wherein the recess-resistant layer has a thickness of between

2 about 10 angstroms and about 200 angstroms.

1 28.  The method of claim 17 wherein the recess-resistant layer is the topmost layer of the

2  target wafer.

1 29.  The method of claim 17 wherein the target wafer further comprises a second dielectric

2 layer overlying the recess-resistant layer, the second dielectric layer being the topmost layer of

Y

3 the target wafer.

1 30.  The method of claim 29 wherein the second dielectric layer comprises silicon oxide.

1 31, The method of claim 29 wherein the second dielectric layer has a thickness of between

2 about 10 and about 200 angstroms.
1 32, The method of claim 17 wherein the first dielectric layer comprises silicon oxide.

1 33.  The method of claim 17 wherein the first dielectric layer has a thickness of between

2 about 100 angstroms and about 5000 angstroms.

1 34,  The method of claim 17 wherein the substrate comprises a silicon substrate.



1 30. The method of claim29 wherein the second dielectric |ayer conprises
silicon oxide. 1 31. The nethod of claim 29 wherein the second dielectric

| ayer has a thickness of between 2 about 10 and about 200 angstrons. 1 32.
The met hod of claim 17 wherein the first dielectric |ayer conprises silicon
oxide. 1 33. The nethod of claim17 wrein the first dielectric l|ayer has
a thickness of between 2 about 100 angstrons and about 5000 angstrons. 1
34. The nethod of claim 17 wherein the substrate conprises a silicon
substrate. 26 135. The nethod of claim 17 wherein the bonding process
conprises a beta-bonding process. 136. The nmethod of claim 17 wherein the
donor wafer further conprises an inplanted | ayer so 2that the sem conductor
filmoverlies the inplanted | ayer. 137. The nethod of claim 36 wherein the
separatingﬁprocess is a controlled cleaving process. 138. The net hod of

claim 17 ahd fﬁh@hlethodoﬂmihsimgzh&tehﬁ'ﬂ%&ﬁﬁ' t he bond between the 2
semiconductor fihn and the target wafer a gg‘go‘feﬁ%coér&ﬂsﬁsoq‘ﬂéﬂﬁ%b@miﬁgﬁrMekss

adhered to the target 3 wafer. 1 39. The nmethod of claim 38 wherein the
bond betmggn_tﬁﬁ%égﬂgggﬂguct filmand the target 2 wafer is strengthened
by an anneal i ng process. 4% ..Wheﬁfénﬂ@td?@@r\mfetcﬁ:ﬁheﬂc&&pﬂé’t@%ﬁ'irﬁplﬁﬁgd lg¥er so

separ api ng,.phocess conpr hﬁnegve?l?esz%{lggpﬁallt;%:;en 2 cleaving process.

1 37 i i i
The method of claim 36 wherein the separating process is a controlled cleaving process.
1 38 i isi
The method of claim 17 and further comprising strengthening the bond between the
5 .
semiconductor film and the target wafer after the semiconductor film is adhered to the target
3  wafer.
1 39

The method of claim 38 wherein the bond between the semiconductor film and the target
2 wafer is strengthened by an annealing process.
1 40. v i i

The method of claim 17 wherein the separating process comprises an atomic layer

2 cleaving process.



1 41. A sem conductor-on-insulator chip conprising: 2 a substrate; 3 a

buried insulator stack overlying the substrate, the buried insulator stack

conprising of 4 at least a recess-resistant layer and a first dielectric

| ayer, the recess-resistant |ayer overlying the 5 first dielectric |ayer;

6 a plurality of sem conductor nmesas @¢erlying portions of the buried

i nsul ator stack; and 7 active devices forned on the sem conductor nesas. 1

42. The chip of claim4l wherein the sem conductor conprises of silicon. 1

43. The chip of claim 42 wherein the sem conductor conprises of strained

silicon. 1 44. The chip of claim4.1 wherein the sem conductor contains

silicon. and germanium 1 45. The chip of claim4l wherein the

recess-resistant |layer conprises a dielectric that has an 2 etch rate of

| ess than 40 angstr.o er mnuyte in a wet cleaning solution. 1 46. The

chip op clﬁi m %%e\r/{}r‘lceo?’g\“ﬁmf%mﬁ lesdup egmpsisingt | ayer conprises silicon

nitri d%. 1 47. The chip of claim4l wherein the recess-resistant |ayer has

a thi ckness of 258t%8%n about 2 10 angstrons and about 200 angstronms. 1 48.

The chip of claim 41 wherein the recess-resistant layer is in contact with

each of the 225uisdigsiaion sackoverhgng B8 sibstSte, thiBuredi iﬂsttoQt&k%xﬁg;ﬁé’f’?er in

t he buri e% i n%ul ator stack further conprises a second 2 dielectric gd?fgr

g\éﬁ{ ch fng t Iotst p svcessrosigtaitdasanand afsr dicledific &6 01 reue%-{%gfs{ahﬂa&&%%nﬁ&g' g ' "
- 5. first dielectric layer;

6 a plurality of semiconductor mesas overlying portions of the buried insulator stack: and

7 active devices formed on the semiconductor mesas.

1 42, The chip of claim 41 wherein the semiconductor comprises of silicon.

143, The chip of claim 42 wherein the semiconductor comprises of strained silicon.

1 44, The chip of claim 41 wherein the semico’nducior contains silicon and germanium.

145, The chip of claim 41 wherein the recess-resistant layer comprises a dielectric that has an

2 etchrate of less than 10 angstroms per minute in a wet cleaning solution.
1 46.  The chip of claim 41 wherein the recess-resistant layer comprises silicon nitride.

1 47.  The chip of claim 41 wherein the recess-resistant layer has a thickness of between about

2 10 angstroms and about 200 angstroms.

1 48.  The chip of claim 41 wherein the recess-resistant layer is in contact with each of the

2 semiconductor mesas.



3 wth the sem conductor nesas. 1 50. The chip of claim49 wherein the
second dielectric layer conprises silicon oxide. 1 51. The chip of claim49
wherein the second dielectric |ayer has a thickness of between about 2 10
and about 200 angstroms. 1 52. The ch;rg of claim4l wherein the first
dielectric layer conprises silicon oxfde. 1 53. The chip of claim4l
wherein the first dielectric |layer has a thickness of between about 2 100
angstrons and about 5000 angstrons. 1 54. The chip of claim41l wherein the
substrate conprises a silicon substrate. 29 1 55. A nethod of fabricating a
sem conductor-on-insul ator chip, the nmethod conprising: 2 providing a
substrate conprising of a sem conductor |ayer overlying a buried insulator
3 stacl§, t4§e b%gé elgm’jej[lsul ator stack conprising of recess-resistant |ayer
overlyi'ng%a& fi chip ef daitr 4 IcwheteihalEhiried i j ortion of the

sem cogdu%te?r@il gyer to form sem conduct or"pﬁrr%{sogé&lgﬁﬁt%e FERTSASesend ve

devi ce$ oficlaaicdaynr cunlyingtthé rddBE3Ss; e ethod of claim55 wherein

t he sem conductor | ayer conpri sesggftﬁtg%ﬁf’-{]%sgcf’.nd eotit lper bsmedn eontach6
wher ei &t hthslendemivoddek@m&agpri ses strained silicon. 1 58. The nethod of
cl aim 55 wherein the sem conductor |ayer contains silicon and 2 germanium
1 59. The nethod of claimb55 wherein the recess-resistant |ayer conprises a

di el ecjri gyt hat, has -
frigo, af"he c%lp of claim 49 wherein the second dielectric layer comprises silicon oxide

1  51. i i i i
The chip of claim 49 wherein the second dielectric layer has a thickness of between about

2 10 and about 200 angstroms.

1 52, i i i i 4
2 The chip of claim 41 wherein the first dielectric layer comprises silicon oxide

1 53. i i i i '
. 3 The chip of claim 41 wherein the first dielectric layer has a thickness of between about

2 100 angstroms and about 5000 angstroms.

1 54, i i i
4 The chip of claim 41 wherein the substrate comprises a silicon substrate




2 an etch rate of less than 10 angstrons per mnute in a wet cleaning
solution. 1 60. The nethod of claimb55 wherein the recess-resistant | ayer
conprises silicon nitri de. 1 61. The nmethod of claim55 wherein the
recess-resistant |layer has a thickness of between 2 about 10 angstrons and
about 200 angstrons. 1 62. The net hod28f clai m 55 wherein the
recess-resistant layer is in contact wwth the 2 sem conductor nesas. 30 1
63. The nmethod of claimb55 wherein the buried insulator stack further
conprises a second 2 dielectric |layer overlying the recess-resistant

| ayer, the second dielectric |layer being in contact 3 with the

sem conductor nesas. 1 64. The nmethod of claim®63 wherein the second
dielectric |ayer conprises silicon oxide. 1 65. The method of claim63

wher ei nq t hgs secp llect.ric layer has a thickness of between 2 about 10
and about 200 ang% h%f?%Tcaé’@g ?%‘E‘CHB@WBH‘ oofingillaemohis thetestRédeo hl?)?islfr“r?r st

di el ectgic Iayﬁyr &@rrg @1‘55 silicon oxide. 1 67. The nmethod of clai
wherein the first FRE compasingefe sentitvindbmiadsyss bvaBiME Puricd ,,ﬁs/ﬁgyt 100

angstroys g {1% @Sﬁ‘ﬂ}% 5000 an stroms. 1 68. The.nmethod of claimb55

the substr gdapsul aéor§ ack eempriNitesofiratess-resistant layer overlying a first dielectric
4 layer;
5 . . .
patterning a portion of the semiconductor layer to form semiconductor mesas: and
6 forming active devices on the semiconductor mesas.

1 . . -
56.  The method of claim 55 wherein the semiconductor layer comprises silicon.
1 57.  The method of claim 56 wherein the semiconductor comprises strained silicon.

1 58 The method of claim 55 wherein the semiconductor layer contains silicon and

2 germanium.

1 59, i i
9 The method of claim 55 wherein the recess-resistant layer comprises a dielectric that has

2 anetch rate of less than 10 angstroms per minute in a wet cleaning solution.
1 60. i i i
0 The method of claim 55 wherein the recess-resistant layer comprises silicon nitride.

1 6L . . .
1 - The method of claim 55 wherein the recess-resistant layer has a thickness of between

2 about 10 angstroms and about 200 angstroms,

1 . .
62.  The method of claim 55 wherein the recess-resistant layer is in contact with the

2 semiconductor mesas.



30

63.  The method of claim 55 wherein the buried insulator stack further comprises a second

dielectric layer overlying the recess-resistant layer, the second dielectric layer being in contact

with the semiconductor mesas.
64.  The method of claim 63 wherein the second dielectric layer comprises silicon oxide.

65.  The method of claim 63 wherein the second dielectric layer has a thickness of between

about 10 and about 200 angstroms.
66.  The method of claim 55 wherein the first dielectric layer comprises silicon oxide.

67.  The method of claim 55 wherein the first dielectric layer has a thickness of between

about 100 angstroms and about 5000 angstroms.

68.  The method of claim 55 wherein the substrate comprises a silicon substrate.



