SI LI CON- ON- | NSULATOR ULSI DEVI CES W TH MULTI PLE SI LI CON FI LM THI CKNESSES
FI ELD OF THE | NVENTI ON The present invention relates generally to

sem conductor fabrication and nore specifically to

sem conduct or-on-insul ator devices. 1 BACKGROUND OF THE | NVENTI ON The
desire for higher performance circuits has driven the devel opnent of

hi gh- speed sub-100 nanoneter (nm silicon-on-insulator (SO) conplenentary
nmet al - oxi de sem conductor (CMOS) technology. In SO technol ogy, transistors
are fornmed on a thin layer of silicon overlying a | ayer of insulating
material. Devices formed on SO offer many advantages over their bul k
counterparts, including absence of reverse body effect, absence of

| at ch-up, soft error inmunity, and elimnation of junction capacitance
typically encountered in bulk silicon devices. SO technology therefore
enabl es hi gher speed perfornmance, higher packing density, and reduced
power consunpti on.

SILICON-ON-INSULATOR ULSI DEVICES WITH MULTIPLE SILICON FILM

THICKNESSES

FIELD OF THE INVENTION

The present invention relates generally to semiconductor fabrication

and more specifically to semiconductor-on-insulator devices.



U S. Patent No. 5,952,695 to Ellis-Mnaghan et al. discloses silicon-on-

I nsul ator and CMOS-on-SO double filmstructures. Electrostatic discharge
(ESD) characteristics of the SO device is inproved by having a thick
doubl e layer of silicon in selected regions. U S. Patent No. 6,222,234 BI
to Imai discloses a sem conductor device wth a fully-depleted SO MOSFET
and a partially-depleted SO MOSFET on the same SO substrate through

i solation by an elenment isolation film 2 U S. Patent Nos. 6,414,355 Bl and
6,448,114 Bl both to An et at. disclose, respectively, a
silicon-on-insulator chip having an active |ayer of non- uniformthickness

and a nethod of fabricaty I@ I]l\"l"D% i‘ﬂﬁ"ﬂ% @ 96,584 to

Ellis-Mnaghan et al. d BREKCRD FFﬁiﬁ VENT IQor and CMOS-on- SO
double filmfabrication process with a coplanar silicon and isolation
| ayer and adding a second silicon |layer on one region. U S. Patent No.

6, 399,989 to Dockerty et at. describes a radiation hardened

silicon-on-insul at g, tdrégi?é%oi‘tlﬁéher performance circuits has driven the development

of high-speed sub-100 nanometer (nm) silicon-on-insulator (SOI) complementary
metal-oxide semiconductor (CMOS) technology. In SOI technology, transistors are
formed on a thin layer of silicon overlying a layer of insulating material. Devices
formed on SOI 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.

U.S. Patent No. 5,952,695 to Ellis-Monaghan et al. discloses silicon-on-
insulator and CMOS-on-SOI double film structures. Electrostatic discharge (ESD)
characteristics of the SOI device is improved by having a thick double layer of

silicon in selected regions.

U.S. Patent No. 6,222,234 Bl to Imai discloses a semiconductor device
with a fully-depleted SOI MOSFET and a partially-depleted SOI MOSEET on the

same SOI substrate through isolation by an element isolation film.



The article entitled "U tra-Thin Body PMOSFET's with Selectively Deposited
Ge Source/Drain;" Yang-Kyu Choi et al.; 2001 Synposiumon VLSI Technol ogy
Di gest of Technical Papers held June 12 to 14, 2001 in Kyoto Japan; pages
19 and 20; describes ultra-thin body MOSFETs with body thicknesses down to
4jzm and sel ectively deposited germanium (Ge) raised source and drains.
The article entitled " A 50nm Depl et ed- Substrate CMOS Transi stor (DST);"
Robert Chau et al.; International Electron Device Meeting 2001 held
Decenber 2 to 5, 2001 in Washington, D.C., pages 621 to 624; describes
depl et ed-substrate 3 transistor (DST) technol ogy wherein depl eted-substrate

ohysi cal gare | engrhs BOGR: PoE AT i, ABRA R0 b A it opes

(< 75 mV/ ,decade) and inproved DIBL (< 50nV/V) over both
partial | ﬁlﬂ:g%‘iﬁetr%‘ﬂ?%‘ﬁ-’@)h aqiligryomripgulatpr chip haying myEstiys dayeyvefsnon-
transi stors. 4 SUMVARY OF THE | NVENTI ON

uniform thickness and a method of fabricating same.

U.S. Patent No. 6,096,584 to Ellis-Monaghan et al. describes a silicon-
on-insulator and CMOS-on-50I double film fabrication process with a coplanar

silicon and isolation layer and adding a second silicon layer on one region.

U.S. Patent No. 6,399,989 to Dockerty et al. describes a radiation

hardened silicon-on-insulator transistor.

The article entitled "Ultra-Thin Body PMOSFET's with Selectively
Deposited Ge Source/Drain;" Yang-Kyu Choi et al; 2001 Symposium on VLSI
Technology Digest of Technical Papers held June 12 to 14, 2001 in Kyoto Japan; pages
19 and 20; describes ultra-thin body MOSFETs with body thicknesses down to 4pum

and selectively deposited germanium (Ge) raised source and drains.

The article entitled " A 50nm Depleted-Substrate CMOS Transistor
(DST);" Robert Chau et al.; International Electron Device Meeting 2001 held December

2 to 5, 2001 in Washington, D.C., pages 621 to 624; describes depleted-substrate



Accordingly, it is an object of me or nore enbodi nents of the present
invention to provide a sem conductor-on-insulator chip with nmultiple

sem conductor thicknesses. It is another object of one or nore enbodi nents
of the present invention to provide a nethod of formng a
silicon-on-insulator chip wth two or nore silicon thicknesses with good
uniformty and reduced defects. It is yet another object of one or nore
enbodi ments of the present invention to provide fully-depleted SO devices
and partially-depleted devices on the sane substrate. It is another object
of me or nore enbodi nents of the present invention to provide thick

silicon filns,fo e fornption,of .S i.odes.w th current drives.

Q her obj%a&S?t%i Kq)é@pﬁeecglpgﬁ’ e?%gfet’%%e}gﬁfag" Hgg&?\tgwbgé@ﬁ UE0S, 8§ hat

t he above and other_objects of the present_ invention may be acconplished

in the fdrbusatedondhivesilicapbedy i(£a0ngn) with physical gate lengths down to 50nm
which show steeper subthreshold slopes (< 75 mV/decade} and improved DIBL (<
50mV/V) over both partially-depleted (P-D) SOI and bulk Si, for both PMOS and

NMOS transistors.



waf er conprising a sem conductor filmoverlying a buried insulator |ayer
overlying a substrate is provided with the sem conductor filmincluding at
| east two regions. The sem conductor filmw thin the | east one of the at

| east two regions is masked to provide at |east one senm conductor film
masked portion having a first thickness, |eaving exposed the sem conductor
filmwthin at |east one of the at |east two regions to provide at | east
one sem conductor filmexposed portion having the first thickness. Then,
in the first enbodinent, at |least a portion of the at |east one exposed
sem conductor filmportion is oxidized to provide at |east one partially
oxi di zed, exposed sem congﬁlﬁ ﬂrgAf‘[hL @F%E';@;Eﬁi‘fﬁﬁ he oxi di zed portion of
the exposed sem conducto a portion of the

sem conductor film having a second thickness less than the first thickness
to formthe nultiple-thickness sem conductor-on-insulator. In the second
enbodi nent, at least a portion of the at |east one exposed sem conduct or
filmportion is et&seerdinglyribis awobject dasie cymeorepambaditientsefdhe gresenposed
sem conductor filmportion which is then partially oxidized to provide at

| east ongnpattional ky gii'bdidé?da pREditeHd uet L GRARulASPOTREp A Congupior film
portion. The oxidized portion of the partially etched, "exposed

semiconductor thicknesses.

It is another object of one or more embodiments of the present
invention to provide a method of forming a silicon-on-insulator chip with two or

more silicon thicknesses with good uniformity and reduced defects.

It is yet another object of one or more embodiments of the present

invention to provide fully-depleted SOI devices and partially-depleted devices on

the same substrate.

It is another object of one or more embodiments of the present

invention to provide thick silicon films for the formation of SOI diodes with large

current drives,

Other objects will appear hereinafter.



sem conductor filmis renoved to | eave a portion of the sem conductor film
having a second thickness |ess than the first thickness to formthe

mul ti pl e-thickness sem conductor-on-insulator. 6 BRI EF DESCRI PTI ON OF THE
DRAW NGS The present invention will be nore clearly understood fromthe
fol l owi ng description taken in conjunction with the acconpanying draw ngs
in which Iike reference nunerals designate simlar or corresponding

el enents, regions and portions and in which: Fig. 1 schematically
illustrates the initial structure comon to the first and second

enbodi nents of the present invention. Figs. 2(a) - (d) schematically

[ [ f ' ,nvention,..EiQgs.
s0a) ' () echemd i SoUTEkETREIER ol RSB BN ol SdeBhet B e

[ ion. Fig. h tically illustrates the formation of
ipgglsgtn ;[ O:PQ%-‘/%%% gﬁgeqt}?n%@a§} Eec agcnc}amll)]is%edyin the following manner. Specifically, a

watfer comprising a semiconductor film overlying a buried insulator layer overlying
a substrate is provided with the semiconductor film including at least two regions.
The semiconductor film within the least one of the at least two regions is masked to
provide at least one semiconductor film masked portion having a first thickness,
leaving exposed the semiconductor film within at least one of the at least two
~ regions to provide at least one semiconductor film exposed portion having the first
thickness. Then, in the first embodiment, at least a portion of the at least one
exposed semiconductor film portion is oxidized to provide at least one partially
oxidized, exposed semiconductor film portion. Then the oxidized portion of the
exposed semiconductor film is removed to leave a portion of the semiconductor film
having a second thickness less than the first thickness to form the multiple-thickness
semiconductor-on-insulator. In the second embodiment, at least a portion of the at
least one exposed semiconductor film portion is etched to provide at least one
partially etched, exposed semiconductor film portion which is then partially
oxidized to provide at least one partially oxidized, partially etched, exposed
semiconductor film portion. The oxidized portion of the partially etched, exposed
semiconductor film is removed to leave a portion of the semiconductor flm having

a second thickness less than the first thickness to form the multiple-thickness

semiconductor-on-insulator.



substrate with nultiple silicon thicknesses. Fig. 5 schematically
illustrates the formation of devices in the SO substrate. 7 Figs. 6 (a) -
(d) schematically illustrate the use of the first or second enbodi nent to
forma multi-thickness sem conductor-on-insulator film 8 DETAILED

DESCRI PTI ON OF THE PREFERRED EMBCDI MENT | nformati on Known to the Inventors
- Not Prior Art The following is knowmn to the inventors and is not to be
considered as prior art to the instant invention. There are generally two
types of SO transistors: partially-depleted (PD) SO transistor and
fully-depleted (FD) SO transistor. A PD-SO transistor has a nmaxi num

depletion width that ig R@gj&ﬂﬁg@md\hgwfﬁgﬁm%;% , and it therefore
has a partially depleté ransi stors the nerit of being
hi ghly manuf act urabl e, but they suffer fromfloating body effects. Digital
circuits which

The present invention will be more clearly understood from the
following description taken in cornjunction with the accompanying drawings in
which like reference numerals designate similar or corresponding elements, regions

and portions and in which:

Fig. 1 schematically illustrates the initial structure common to the first

and second embodiments of the present invention.

Figs. 2(a) - (d) schematically illustrate a first preferred embodiment of

the present invention.

Figs. 3(a) - (d) schematically illustrate a second preferred embodiment

of the present invention.

Fig. 4 schematically illustrates the formation of isolation regions in SOI

substrate with multiple silicon thicknesses.

Fig. 5 schematically illustrates the formation of devices in the SOI

substrate.



typically have higher tolerance for floating body effects may enpl oy PD SO
transistors. An FD-SO transistor has a body which is fully depleted as the
maxi num depl etion width is larger than its body thickness. FD-SO devices
avoid the problens of floating body effects with the use of a thinner
silicon body thickness or a light body doping. Cenerally, analog circuitry
perfornms better when designed using FD-SO devices than using PD SO
devices. 9 There is a need for m xed digital and anal og signal SO chips
with regions suited for digital circuitry and regions suited for anal og
circuitry. Therefore, it is advantageous to provide at |least two different
silicon filmthicknesses on the silicon-on-insulator chips. Regions with
very thin silicon films may be errpl oyed for FD SO devices vvhi | e regions
whi | e thi cker S|I|conf|Irrs ed_for PD-SO d ces.

avail ability of atFiggds{a)tvid) ﬂ‘f@?‘é‘ﬁ‘i@s‘m‘?t@% thg 3¢ & ht:hE m@%%%§ecﬁpgo
offers increased flexibility in circuit and device design. In addition, SO
ci r cui t sembbHEmenttte fomh eatultirthiclpiesscasintisonduatorsors-tregudatot Glm.



to electrostatic discharge (ESD). ESD occurs when there is a surge in
voltage (positive or negative) that results when a | arge anobunt of current
is applied to the circuit. For the purpose of providing ESD protection for
circuits, ESD pul ses have to be discharged by paths-around the protected
circuit. ESD protection schenes need a |ow voltage turn-on and a high
current drive. Alarge current drive is needed to generate or sink a |arge
anount of current before a | arge anobunt of negative or positive voltage is
devel oped. Traditional bul k over-voltage protection schenes, such as diode
circuits on bul k substrates, do not work well on SO substrates due to the
presence 10 of e 30 d%s'cua%ﬂwemﬁ:ﬁtmﬁs IERENINERSBIVENeFeS |
fabricated onTSO— ttave snat I —curtent orives pecause the carrent is carried
| aterally and limted by the thickness of the sem conductor material.

Thus, a thicker silicon thickness may be used to increase the |ateral
junction area of deV|ces | i ke a di ode or a | ubi stor. This increase in the
j unct i onifermatio ] 2 : gr epterionertli ode current drive.

Furt her nore, the thlckness dlfferentlal bet ween different regions may be
used to control other

The following is known to the inventors and is not to be considered as

prior art to the instant invention.

There are generally two types of SOI transistors: partially-depleted
(PD) SOI transistor and fully-depleted (FD) SOI transistor. A PD-SOI transistor has
a maximum depletion width that is smaller than the body thickness, and it therefore
has a partially depleted body. PD-SOI transistors have the merit of being highly
manufacturable, but they suffer from floating body effects. Digital circuits which
typically have higher tolerance for floating body effects may employ PD-SOI

transistors.

An FD-SOI transistor has a body which is fully depleted as the
maximum depletion width is larger than its body thickness. ED-SOI devices avoid
the problems of floating body effects with the use of a thinner silicon body thickness

or a light body doping. Generally, analog circuitry performs better when designed

using FD-SOI devices than using PD-SOI devices.



aspects of active devices, such as source/drain doping, junction
capacitance, floating body effects, switching speed, etc. It is

advant ageous to provide at least two different silicon film thicknesses
for the SO substrate. Regions with thicker silicon filmmy be used for
maki ng partially-depleted SOT devices, while regions wth thinner silicon
filmmy be used for making fully-depleted SOT devices. In addition,
thicker silicon filns may al so be used for sel ected devices, such as

di odes or lubistors. A thicker silicon filmthickness nay be used to
increase the lateral junction area of diodes or lubistors. This increase

in junction area vwhdidis h HEeQBr ndked i§@ASahd bﬁﬁogtﬁi NtSOr éMps whth | n this
i.nvention, a SO technology having different silicon Thicknesses is

di scl osed. . This.,i nyent.i al sq teaches at_|. h of form ng such
2 i1 oo rReed Keorelths P Rrk SRS Ao oufTor ¥ RoBSEt o moth

Enbodi nents - Fig.1 Fig. 1 schematically illustrates the initial structure
common to the first

Therefore, it is advantageous to provide at least two different silicon
film thicknesses on the silicon-on-insulator chips. Regions with very thin silicon
films may be employed for FD-SOI devices while regions while thicker silicon films
may be used for PD-SOI devices. The availability of at least two different silicon

body thicknesses also offers increased flexibility in circuit and device design.

In addition, SOI circuits, like other electronic circuits, are susceptible
to electrostatic discharge (ESD). ESD occurs when there is a surge in voltage
(positive or negative) that results when a large amount of current is applied to the
circuit. For the purpose of providing ESD protection for circuits, ESD pulses have to
be discharged by paths around the protected circuit. ESD protection schemes need a
low voltage turn-on and a high current drive. A large current drive is needed to
generate or sink a large amount of current before a large amount of negative or

positive voltage is developed.

Traditional bulk over-voltage protection schemes, such as diode

circuits on bulk substrates, do not work well on SOI substrates due to the presence

10



and second enbodi nents of the present invention. As shown in Fig. 1, an

sem conductor-on-insulator (SO) 19 is fornmed over structure 10. SO 19

i ncl udes an overlying sem conductor film 14 and a buried insulator |ayer
12. The sem conductor film 14 may be any el enental sem conductor such as
silicon and germanium any all oy sem conductor such as silicon-gernmani um
or any conpound sem conductor such as indi um phosphi de and gallium
arsenide. In the preferred enbodi nent, the sem conductor film1l4 is
silicon. Buried insulator layer 12 is preferably silicon oxide, but nmay be
conprised of any insulator such as silicon nitride and al um num oxi de. .

Struct ur g #f 41 Ba&ES bRl TRaSHE) ”&&&@Hﬁ&ﬁeﬂrdﬁﬁ\@ésefab%até&tbﬁt S@I Ba?dSmh B
preferably SI l'icon or germani um and is m)re pre erabl y sil |con 12 Silicon

film 14 has hi ckness t refera and nore
pr ef er b PRSHFABITE 00 (b CSOBBS cHleaeEiIp wan ol dydfts e,
t hi ckness of preferably from about 50 to 10, OOOA and nore preferably f rom
about 50the semmwpdpctor material. Thus, a thicker silicon thickness may be used to
increase the lateral junction area of devices like a diode or a lubistor. This increase in
the junction area would improve or increase the diode current drive. Furthermore,
the thickness differential between different regions may be used to control other

aspects of active devices, such as source/drain doping, junction capacitance,

floating body effects, switching speed, etc.

It is advantageous to provide at least two different silicon film
thicknesses for the SOI substrate. Regions with thicker silicon film may be used for
making partially-depleted SOI devices, while regions with thinner silicon film may

be used for making fully-depleted SOI devices.

In addition, thicker silicon films may also be used for selected devices,
such as diodes or lubistors. A thicker silicon film thickness may be used to increase
the lateral junction area of diodes or lubistors. This increase in junction area would

improve, or increase, the current drive.

11



First Enbodinent - Figs. 2(a) - (d) Figs. 2(a) - (d) schematically
illustrate a first preferred enbodi nent of the present invention. In the
first preferred enbodi ment, at |east one portion (wthin region 26) of the
silicon film14 is selectively thinned to a second thickness ts2, using an
oxi dation process, while masking at | east one other portion(s) (within
region 28), leaving it/themat the original thickness tsi. Isolation
regions 20, 22, 24 may be/are formed after the thinning process(es) (see
Fig. 4). Selective Masking - Fig. 2(a) As shown in Fig. 2(a), SO 19
includes at least two regions 26, 28. The silicon film14 wthin one or

nore of regions Zfintﬁﬁﬂ1§eﬂ%§#§@dﬁe&nomgylﬁdhﬁ€&iﬁé?e&%ﬂl&§1 HRsded Fi 0.

2) leaving at |east one regl on unnmasked gion 26 as shown in Fig.

2 | Si 3 d
o NeRrusdrs Nise ARt keRey Al Iket HS nabiahs 6F sbibiite S CRT Lo

oxi de layer. The 13 mask 15 may al so be conprised of common nasklng
mat er i al Slikeroon-iagdates sdbstrate.ne art .

Initial Structure Common to Both Embodiments - Fig. 1

Fig. 1 schematically illustrates the initial structure common to the first

and second embodiments of the present invention.

As shown in Fig. 1, an semiconductor-on-insulator (SOI} 19 is formed
over structure 10. SOI 19 includes an overlying semiconductor film 14 and a buried
insulator layer 12. The semiconductor film 14 may be any elemental semiconductor
such as silicon and germanium, any alloy semiconductor such as silicon-germanium,
or any compound semiconductor such as indium phosphide and gallium arsenide.
In the preferred embodiment, the semiconductor film 14 is silicon. Buried insulator
layer 12 is preferably silicon oxide, but may be comprised of any insulator such as

silicon nitride and aluminum oxide..

Structure 10 is preferably a semiconductor wafer or substrate and is

preferably silicon or germanjum and is more preferably silicon.

12



Mask 15 may be forned by the oxidation of the silicon layer 14 using a dry
oxi dation process with a tenperature from about 550 C to 950C, and then
depositing a layer silicon nitride using chem cal vapor deposition with
silane and ammonia as precursor gases. Lithography and reactive ion
etching may be used to pattern the nmask 15 to give the structure as shown
in Fig. 2(a). Selective Thinning of Silicon Film114 - Fig. 2(b) As shown in
Fig. 2(b), the silicon film14 within the at |east one region 26 that is
unmasked, is thinned to a second thickness ts2. The thinning process 17 is
preferably an oxidation process such as (1) a wet oxidation process
SOy g an | r2O R B TEhER BhRTRe B G R PASHI SoRlig koAl Y

oxi dation process oy| ah R{“'y eric pressure’to
convert a portion of t he unmasked S|I|con fLIn1w¢th|n_re ion 26 to a
silicon @@f ;ote referglly tirom abput 19re 200RAc Byeisd siligonoprifle Jaye Bebhaer t han
2% after the thlckness reduction. The wet oxidation process tnay be

conduct ethicknessof pefeablyframn apoat 8 &l 0 000rcandibrout piderably frafCBouantd 14

to 2000 A.

First Embodiment - Figs. 2(a) - (d)

Figs. 2(a) - (d) schematically illustrate a first preferred embodiment of
the present invention. In the first preferred embodiment, at least one portion (within
region 26) of the silicon film 14 is selectively thinned to a second thickness ts, using
an oxidation process, while masking at least one other portion(s) (within region 28},
leaving it/ them at the original thickness ts1. Isolation regions 20, 22, 24 may be/are

formed after the thinning process(es) (see Fig. 4).

Selective Masking - Fig. 2(a)

As shown in Fig. 2(a), SOI 19 includes at least two regions 26, 28. The
silicon film 14 within one or more of regions 26, 28 is masked (e.g. within region 28
as shown in Fig. 2) leaving at least one region unmasked (e.g. region 26 as shown in
Fig. 2(a). Mask 15 is preferably comprised of silicon nitride (SisNg), and is more

preferably comprised of a silicon nitride layer overlying a silicon oxide layer. The

13



atinme: of preferably fromabout 10 to 4000 seconds. The dry oxidation

process may be conducted at: a tenperature: preferably from about 550 to
1100C, and a tinme: preferably fromabout 10 to 4000 seconds. Renoval of
Silicon Oxide Laver Portion 27' As shown in Fig. 2(c), the silicon oxide
| ayer portion 27" is renoved preferably using dilute hydrofluoric acid,
such as that prepared by mxing 1 part of concentrated (49% HF with 25

parts of water H2O. The etch rate is about 100A per mnminute for thernmally

grown silicon oxide. Renmoval of Mask 15 As shown in Fig. 2(d), any

remai ni ng mask(s) 15 is/ are renoved fromover partially thinned silicon
film14' and %he stru&ture miﬁdbﬁ cl eaned as. nece pos
of the sTRPEEATIAY 379 ke GRPRIRA Oh S

thinned froman initial thickness tsi of about 10 to 5000A and 15 nore

pr ef er abthg &% om about 10 to 1000A so that the its final thinned thickness

t52 of

Mask 15 may be formed by the oxidation of the si]icoﬁ layer 14 using a
dry oxidation process with a temperature from about 550 °C to 950°C, and then
depositing a layer silicon nitride using chemical vapor deposition with silane and
ammonia as precursor gases. Lithography and reactive ion etching may be used to

pattern the mask 15 to give the structure as shown in Fig. 2(a).

Selective Thinning of Silicon Film 14 - Fig. 2(b)

As shown in Fig. 2(b), the silicon film 14 within the at least one region
26 that is unmasked, is thinned to a second thickness ts2. The thinning process 17 is |
preferably an oxidation process such as: (1) a wet oxidation process employing an
H20 and O2 ambient at atmospheric pressure; or (2) a dry oxidation process
employing an O, ambient at atmospheric pressure to convert a portion of the
unmasked silicon film within region 26 to a silicon oxide layer portion 27'. The

thickness uniformity is better than 2% after the thickness reduction.

The wet oxidation process may be conducted at:

a temperature: preferably from about 550 to 1100°C; and

14
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preferably fromabout 5 to 500A and nore preferably fromabout 5 to 100A
Wiile Fig. 2(d) illustrates an SO having a silicon film 14" having two
different thicknesses t 5l, ts2, one skilled in the art can appreciate that
t he above steps nay be repeated in a manner to forman SO having three or
nore thicknesses of silicon film14'. That is, for exanple, two or nore
regi ons may be exposed and the thinning process 17 repeated to further
thin the first thinned silicon film14'" within the first thinned region 26
and to first thin a portion of the silicon film14 within a second region
while maintaining at |east one mask over at least portion of the silicon
film1l4 with a thlargm@e@‘gg@feggol H&lgbgﬁtqrgecam)@@ sdcdhgikness rati o between

t hi nned 26 and non-thinned regions 28 is preferably fromabout 5 to 80%
Renmoval of Mask(s) 15 and Formation of I|sol ation Regions 2022, 24 - Fig. 4
As shown in Fig-2(c) of the first enbodi nent and 3(c) of the second

enbodi nent, the silicon oxide is rennved using dilute hydrofluoric acid,
such as t hat The dizexddatign pyoeess; Jacengctehakentrated (49% HF with 25
parts of water H2O. The etch rate i s about 100 angstrons per mnute for
thermal |y grown sid tengperatairetepreferably from about 550 to 1100°C; and

a time: preferably from about 10 to 4000 seconds.

Removal of Silicon Oxide Laver Portion 27'

As shown in Fig. 2(c), the silicon oxide layer portion 27' is removed
preferably using dilute hydrofluoric acid, such as that prepared by mixing 1 part of
concentrated (49%) HF with 25 parts of water H2O. The etch rate is about 100A per

minute for thermally grown silicon oxide.

Removal of Mask 15

As shown in Fig. 2(d), any remaining mask(s) 15 is/are removed from

over partially thinned silicon film 14' and the structure may be cleaned as necessary.

The exposed portion of the silicon film 14' within the at least one

region 26 is preferably thinned from an initial thickness ts; of about 10 to 50004 and

15



16 Any renaining masks 15 are renoved fromover partially thinned silicon
film14' and the structure may be cleaned as necessary. Second Enbodi ment
- Figs. 3 a- (d) Figs. 3(a) - (d) schematically illustrate the second
enbodi ment of this invention, wherein the thinning process 17 may al so be
a silicon etch process 17 followed by an anneal and/or oxidation process.
Sel ective Masking - Fig. 3(a) As shown in Fig. 3(a), SO 19 includes at

|l east two regions 26, 28. The silicon film14 within one or nore of
regions 26, 28 is masked (e.g. within region 28 as shown in Fig. 2)

| eaving at | east one region unmasked (e.g. region 26 as shown in Fig. 2).

Mask 15 is preferably conpriged 4 |1 ¢o Lt L e ﬁ@"?‘ . | re

preferaUﬂ?f%BW&?rP@é(cfr?ﬁ‘ Oé‘itlis(t,%ﬂ{)q{ﬁdf P? gbaqltg‘cillet% ﬁ%\%ler w%gﬁ%d?]&?? JE:S?)ﬁfrgxi de

| ayer. The nmask 15 nay al so be conprised of_ commo n?ggiaﬁwgaterials known
?i 0

and usedpieferablygramntaboives ko 8% Arand peore prefebly romea f the silicon
| ayer 14 using a

While Fig. 2(d) illustrates an SOI having a silicon film 14' having two
different thicknesses ts), ts2, one skilled in the art can appreciate that the above steps
may be repeated in a manner to form an SOI having three or more thicknesses of
silicon film 14'. That is, for example, two or more regions may be exposed and the
thinning process 17 repeated to further thin the first thinned silicon film 14' within
the first thinned region 26 and to first thin a portion of the silicon film 14 within a
second region while maintaining at least one mask over at least portion of the

silicon film 14 with a third region 28.

The differential thickness ratio between thinned 26 and non-thinned

regions 28 is preferably from about 5 to 80%.

Removal of Mask(s) 15 and Formation of Isolation Regions 20, 22, 24 - Fig. 4

As shown in Fig.2(c) of the first embodiment and 3(c) of the second
embodiment, the silicon oxide is removed using dilute hydrofluoric acid, such as
that prepared by mixing 1 part of concentrated (49%) HF with 25 parts of water HO.

The etch rate is about 100 angstroms per minute for thermally grown silicon oxide.
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dry oxidation process with a tenperature from about 550 C to 950C, and then
17 depositing a layer silicon nitride using chem cal vapor deposition with
silane and ammonia as precursor gases. Lithography and reactive ion
etching may be used to pattern the nmask 15 to give the structure as shown
in Fig. 2(a). Selective Thinning of Silicon Film14 - Figs. 3(a) and 3 b As
showmn in Fig. 3(a), to selectively thin the unnmasked portion of the

silicon layer 14 having an initial thickness tsi within region 26, that
portion is first etched as at 17'. The silicon etch process 17' may be
performed by a plasma etch process known and used in the art. For exanple,

reactive ion etching (RIE) using chlorine-based.chenm stry..nay . ed to
etch si | Aoprenming mneske 19aare FEMQVed fHrg Q¥AT é’ﬁ'ﬁt@aqcy &P@%@T%@F%%lﬁ&lgls et ween
900 and 1200 degrees Cel sius. The oxidation process may be a dry or wet

oxi dat i ognd THesstAKa@trhanbe clepeedtameressayy. range preferably from 550 to

1100C, and the oxidation tine nay range preferably fromabout 10 to 4000
seconds.

Second Embodiment - Figs. 3(a) - (d}

Figs. 3(a) - (d) schematically illustrate the second embodiment of this
invention, wherein the thinning process 17 may also be a silicon etch process 17

followed by an anneal and/ or oxidation process.

Selective Masking - Fig. 3(a}

As shown in Fig. 3(a), SOI 19 includes at least two regions 26, 28. The
silicon film 14 within one or more of regions 26, 28 is masked (e.g. within region 28
as shown in Fig,. 2) leaving at least one region unmasked (e.g. region 26 as shown in
Fig. 2). Mask 15 is preferably comprised of silicon nitride (SisNg), and is more
preferably comprised of a silicon nitride layer overlying a silicon oxide layer. The
mask 15 may also be comprised of common masking materials known and used in

the art.

Mask 15 may be formed by the oxidation of the silicon layer 14 using a

dry oxidation process with a temperature from about 550 °C to 950°C, and then

17



As shown in Fig. 3(b), the exposed, etched portion of silicon film14' is
then selectively oxidized such as by (1) a wet oxidation process enpl oying
an H2O and 02 anbi ent at atnospheric pressure; or (2) a dry oxidation
process enploying 18 an 02 anbient at atnospheric pressure to convert a
portion of the unmasked, partially etched silicon film114'" within region
26 to a silicon oxide |ayer portion 27". The thickness uniformty is
better than 2% after the thickness reduction. This reduces the thickness
of the etched/oxidized portion of silicon film14" within region 26 to

t hi ckness ts2. Renoval of Silicon Oxide Layer Portion 27 As shown in Fig.

3(c), thg. sikic i deys , iti whd
M RRTR i e e e A s et e S

concentrated (49% HF with 25 parts qQf water H20O. Th tc ' bout
100A per ADVHGIHR &S PEFCUEFRI SASPS- }@P&Wﬁ?’i "I’If‘i bfeaxt §& e@é%&/%la§o e‘ﬁ%ﬁ?ktals

pattern the mask 15 to give the structure as shown in Fig. 2(a).

Selective Thinning of Silicon Film 14 - Figs. 3(a) and 3(b)

As shown in Fig. 3(a), to selectively thin the unmasked portion of the
silicon layer 14 having an initial thickness ts1 within region 26, that portion is first

etched as at 17"

The silicon etch process 17' may be performed by a plasma etch
process known and used in the art. For example, reactive ion etching (RIE) using
chlorine-based chemistry may be used to etch silicon. The anneal may be a
hydrogen anneal at temperatures between 900 and 1200 degrees Celsius. The
oxidation process may be a dry or wet oxidation. The oxidation temperature may
range preferably from 550 to 1100°C, and the oxidation time may range preferably

from about 10 to 4000 seconds.

As shown in Fig. 3(b), the exposed, etched portion of silicon film 14' is
then selectively oxidized such as by (1) a wet oxidation process employing an HoO

and O; ambient at atmospheric pressure; or (2) a dry oxidation process employing
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As shown in Fig. 3(d), any remaining mask(s) 15 is/are renoved from over
partially thinned silicon film 14" and the structure may be cl eaned as
necessary. Formation of Isolation Regions in SO Substrate 19 Havi ng
Multiple Silicon Layer 14',14" Thicknesses 19 Fig. 4 illustrates the
cross-section of a portion of the substrate after the formation of
isolation regions 20, 22, 24. The partially thinned silicon film 14'/14"
may then be patterned and isolation devices 20, 22, 24 are fornmed between
each region 26, 28 and segregating the partially thinned silicon film
141/ 14" into thinner silicon filmportions 16 and thicker silicon film

portions 1 | solLatign reqgions 20, 22 4 b o) e L ation
(STI) anﬂnBOo?r T T By @glﬁf}? i RSP UES téiqolggélﬁt %ﬁg%égr &n%t P%ﬁmggbevi ces
30,32 - Fig. 5 As shown in Fiﬁg. 5, respective devices, 33, 32 rr% tza;len be
formed opartiallyjeschedrsiliqoafilm ff oifingegion; 2648 & $GeThBXIde SRET ROTHGR 20t hi n
regi ons 26, 28. For exanple, _
The thickness uniformity is better than 2% after the thickness reduction. This
reduces the thickness of the etched/oxidized portion of silicon film 14" within

region 26 to thickness ts2.

Removal of Silicon Oxide Layer Portion 27'

As shown in Fig. 3(c), the silicon oxide layer portion 27" is removed
preferably using dilute hydrofluoric acid, such as that prepared by mixing 1 part of
concentrated (49%) HF with 25 parts of water HzO. The etch rate is about 100A per

minute for thermally grown silicon oxide.

Removal of Mask 15

As shown in Fig. 3(d), any remaining mask(s) 15 is/are removed from

over partially thinned silicon film 14" and the structure may be cleaned as necessary.

Formation of Isolation Regions in SOI Substrate 19 Having Multiple Silicon Laver

14', 14" Thicknesses
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a fully-depleted SO field effect transistor 30 may be forned over thinned

silicon filmportion 16 within region 26 and a partially-depleted SO
transi stor may be formed over non-thinned silicon filmportion 18 within
region 28. 20 OGther devices may al so be fornmed upon the silicon film
portions 16, 18, such as N-channel devices, diode devices or |ubistors.
Ful | y-depl eted SO devices are preferably formed within the thinned
silicon filmportion 16 and partially- depleted SOT devices are forned
within the thicker silicon filmportion 18 such as transistors,

body-cont act devices and di odes. 21 Sanple Figs. 6(a) - (d) Illustrating
Formati on of Miltiple-Thi ckness Sem conductor Film Layer Portions As shown
in Figs. 6(a) - (d), multiple-thickness sem conductor film | ayer 14. ..
portions within re |ons 100, 102, 104, 106 may be f n acc nce
with either the fikigt4 8lusgats eé?ﬂﬁ‘éé?%t%faoﬁorpﬂﬁogrtge%‘m

respective thicknesses tsi, ts4, ts3, tsi by using, for exanple, a second
mask 15' fenmation of isolation regions 20, 22, 24.

The partially thinned silicon film 14'/14" may then be patterned and
isolation devices 20, 22, 24 are formed between each region 26, 28 and segregating
the partially thinned silicon film 14'/14" into thinner silicon film portions 16 and

thicker silicon film portions 18.

Isolation regions 20, 22, 24 may be shallow trench isolation (STT) and

are preferably comprised of silicon oxide.

Formation of Devices 30, 32 - Fig. 5

As shown in Fig. 5, respective devices 30, 32 may then be formed over
the different thickness silicon film portions 16, 18 within regions 26, 28. For example,
a fully-depleted SOI field effect transistor 30 may be formed over thinned silicon
film portion 16 within region 26 and a partially-depleted SOI transistor may be

formed over non-thinned silicon film portion 18 within region 28.

20
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accordance with the disclosure/ teachings herein. Advantages of the Present
I nvention The advant ages of one or nore enbodi nents of the present
invention include: 1. a new nethod to obtain silicon-on-insulator
substrates with nultiple silicon thicknesses; 2. For the first enbodi nment:
the use of oxidation of silicon to reduce the thickness of silicon in

sel ected portions of the SO substrate as oxidation introduces |ess
defects and is nore uniformthan an etch process; and 3. For the second
enbodi ment: a conbi nati on of anneal and oxidation to reduce silicon

thi ckness in selected regions of SO substrate. 22 While particular

embodi ment s of t heyREeqgites P Rlsh R 261 B8 thd dilik AR pinand dempri bed,

it is not intende Imt t I nvention, except as definhed by the
Fol T ow nguc%l & ﬁc’:ha%%el devices, diode devices or lubistors. Fully-depleted SOI devices
are preferably formed within the thinned silicon film portion 16 and partially-
depleted SOI devices are formed within the thicker silicon film portion 18 such as

transistors, body-contact devices and diodes.
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CLAIMS W claim 1. A method of formng a nultiple-thickness

sem conduct or-on-insulator, conprising the steps of: providing a wafer;
the wafer conprising a sem conductor filmoverlying a buried insulator

| ayer overlying a substrate; the sem conductor filmincluding at |east two
regi ons; masking the sem conductor filmwthin the | east one of the at

| east two regions to provide at | east one sem conductor film masked
portion having a first thickness, |eaving exposed the sem conductor film
within at | east one of the at least two regions to provide at |east one
sem conductor filmexposed portion having the first thickness; oxidizing
o o oo et flRHAORAT ) e 5350 AGR RIEACTHERAO SR bha PO 11 O
to prOV| OXT UT Zed, exposed sem conauctor f1lm

portion; and removing the oxi di zed portion of the exposed semi conductor
fil m t o Hilmlayer Portions

As shown in Figs. 6(a) - (d), multiple-thickness semiconductor film
layer 14" portions within regions 100, 102, 104, 106 may be formed in accordance
with either the first or second embodiments of the present invention having
respective thicknesses ts1, tss, tss, tst by using, for example, a second mask 15" in

accordance with the disclosure/teachings herein.

Advantages of the Present Invention

The advantages of one or more embodiments of the present invention
include:

1. a new method to obtain silicon-on-insulator substrates with multiple
silicon thicknesses;

2. For the first embodiment: the use of oxidation of silicon to reduce the
thickness of silicon in selected portions of the SOI substrate as oxidation introduces
less defects and is more uniform than an etch process; and

3. For the second embodiment: a combination of anneal and oxidation to

reduce silicon thickness in selected regions of SOI substrate.
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portion of the sem conductor filmhaving a second thickness |ess than the
first thickness to formthe nultiple-thickness sem conductor-on-insul ator.
24 2. The nmethod of claim 1, wherein the substrate is a sem conductor wafer
or sem conductor substrate. 3. The nethod of claim1l, wherein the substrate
is silicon or germanium 4. The nethod of claim1, wherein the substrate
is a silicon substrate. 5. The nethod of claim1, wherein the buried
insulator layer is silicon oxide, silicon nitride or alum num oxide. 6.
The met hod of claim 1, wherein the buried insulator |layer is silicon oxide.
7. The nethod of claim1l1, wherein the sem conductor filmhas a first

t hi ckness of fro out _J10.to 500 I I; 0 has a

t hi ckness of from %tpariacqg%r t@g’&%@fl‘&%@%_ 6%31##%&%”&% Fllg‘?jéﬁﬁtncﬁ%{’%%%%V\her ein
the sem conductor filmhas a thickness of from about 10 to 2000A %Qd t he
buried iHgstratedandzdeseribed; ibismet ixtaaded i limitihednBentiay exeppt as define

by the following claims.
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2000A. 25 9. The nethod of claim 1, wherein the sem conductor filmis
masked using a patterned masking |ayer. 10. The nethod of claim1, wherein
the sem conductor filmis nmasked using a patterned nasking |ayer; the
patterned masking | ayer conprised of silicon nitride or a silicon nitride/
silicon oxide stack. 11. The nmethod of claim1l, wherein the sem conductor
filmis nmasked using a patterned masking | ayer; the patterned nmasking | ayer
conprised of silicon nitride. 12. The nmethod of claim 1, wherein the
second thickness is fromabout 5 to 500A. 13. The method of claiml,
wherein the second thickness is fromabout 5 to 100A. 14. The nethod of

claim1, including the at |east ongqsgjpgonductor film masked portion is
unmasked after treatnent of the atgl‘era's*t*one sem conductor film exposed

portion. 15. The nmethod of claim1, including the step of form ng at | east
one isolation device wthin the sem conductor filmto segregate the at
| east one sem conductor film

We claim:

1. A method of forming a multiple-thickness semiconductor-on-insulator,
comprising the steps of:

providing a wafer; the wafer comprising a semiconductor film overlying a
buried insulator layer overlying a substrate;

the semiconductor film including at least two regions;

masking the semiconductor film within the least one of the at least two
regions to provide at least one semiconductor film masked portion having a first
thickness, leaving exposed the semiconductor film within at least one of the at least
two regions to provide at least one semiconductor film exposed portion having the
first thickness;

oxidizing at least a portion of the at least one exposed semiconductor film
portion to provide at least one partially oxidized, exposed semiconductor film
portion; and

removing the oxidized portion of the exposed semiconductor film to leave a
portion of the semiconductor film having a second thickness less than the first

thickness to form the multiple-thickness semiconductor-on-insulator.
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masked portion fromthe at |east one sem conductor film exposed portion. 26
16. The nmethod of claim1l, including the step of formng at | east one

i solation device wthin the sem conductor filmto segregate the at | east
one sem conductor film nmasked portion fromthe at | east one sem conduct or
fil mexposed portion; the at |east one isolation device being conprised of
silicon oxide. 17. The nethod of claim1, wherein the first thickness is
fromabout 10 to 5000A and the second thickness is fromabout 5 to 500A
18. The method of claim 1, wherein the first thickness is fromabout 10 to
2000A and a the second thickness is fromabout 5 to 100A. 19. The net hod
of claim1, including the steps of: unmasking the at |east one

sem conductor filmmasked portion; formng a first device upon the at |east

one untreated, unnmasked. .seniconductgr fiJm portiopn, 1 0Fed sgecond
Gevi co. ugonveBeRY BEelaithnd: aubuDytieonpBit at o N figflababrRete
semiconductor substrate.
3. The method of claim 1, wherein the substrate is silicon or germanium.

4. The method of claim 1, wherein the substrate is a silicon substrate.

5. The method of claim 1, wherein the buried insulator layer is silicon oxide, silicon

nifride or aluminum oxide.
6. The method of claim 1, wherein the buried insulator layer is silicon oxide.
7. The method of claim 1, wherein the semiconductor film has a first thickness of

from about 10 to 5000A and the buried insulator layer has a thickness of from about

50 to 10,000A.

8. The method of claim 1, wherein the semiconductor film has a thickness of from

about 10 to 2000A and the buried insulator layer has a thickness of from about 50 to

2000A.
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portion. 20. The nmethod of claim1, including the steps of: unmasking the
at | east one sem conductor film masked portion; 27 formng a first device
upon the at |east one untreated, unmasked sem conductor film portion; and
form ng a second device upon the at | east one exposed sem conductor film
portion; the first device being a partially-depleted SO device and the
second device being a fully-depleted SO device. 21. The nethod of claim
1, wherein the oxidation of the at | east one sem conductor film being a wet
oxi dation process or a dry oxidation process. 22. The nethod of claim1,
wherein the oxidation of the at | east one sem conductor filmbeing a wet

oxi dation process enploying an_H20Q apd 02 .anbjent, .or a dr ' L,on
process 2 @yh?@odnofmf;&ﬁb?femher%.t?‘?h%nﬁ"é‘[’rf'fiﬂft%ff ﬁ@‘r‘alfsmmf?gk%ﬁﬁ?rs el ht he
oxi di zed portion of the exposed

patterned masking layer.

10. The method of claim 1, wherein the semiconductor film is masked using a
patterned masking layer; the patterned masking layer comprised of silicon nitride or

a silicon nitride/ silicon oxide stack.

11. The method of claim 1, wherein the semiconductor film is masked using a

patterned masking layer; the patterned masking layer comprised of silicon nitride.
12. The method of claim 1, wherein the second thickness is from about 5 to 500A.
13. The method of claim 1, wherein the second thickness is from about 5 to 100A.

14. The method of claim 1, including the at least one semiconductor film masked
portion is unmasked after treatment of the at least one semiconductor film exposed

portion.

15. The method of claim 1, including the step of forming at least one isolation device
within the semiconductor film to segregate the at least one semiconductor film

masked portion from the at least one semiconductor film exposed portion.
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sem conductor filmis renoved using hydrofluoric acid. 24. The nethod of
claim1, including the steps of then: a) masking at |east a portion of the
second t hi ckness sem conductor filmor the first thickness sem conductor
filmleaving exposed a portion of the other thickness sem conductor film
28 b) partially oxidizing the exposed portion of the other thickness

sem conductor film c¢) renoving the partially oxidized portion of the other
t hi ckness sem conductor filmto forma portion of the other thickness

sem conductor film having a third thickness that is different fromthe
first and second thicknesses. 25. A nmethod of formng a nultiple-thickness
sem conduct or-on-insulator, conprising the steps of: providing a wafer;
the wafer conprising a sem conductor filmoverlying a buried insulator

| ayer overlying a substrate; the sem conductor, filmincluding at.]|east two
r eéi ons; 1e. Tyhe I?lEthOd of claim 1, including the step of forming at Jeast 6né isolation device

within the semiconductor film to segregate the at least one semiconductor film
masked portion from the at least one semiconductor film exposed portion; the at

Jeast one isolation device being comprised of silicon oxide.

17. The method of claim 1, wherein the first thickness is from about 10 to 5000A and

the second thickness is from about 5 to 500A.

18. The method of claim 1, wherein the first thickness is from about 10 to 2000A and

the second thickness is from about 5 to 100A.

19. The method of claim 1, including the steps of:
unmasking the at least one semiconductor film masked portion;

forming a first device upon the at least one untreated, unmasked

semiconductor film portion; and

forming a second device upon the at least one exposed semiconductor film

portion,

20. The method of claim 1, including the steps of:

unmasking the at least one semiconductor film masked portion;
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maski ng the sem conductor filmwthin the | east one of the at |east two
regions to provide at |east one sem conductor film nasked portion having a
first thickness of fromabout 10 to 5000A, |eaving exposed the

sem conductor filmwthin at |east one of the at |least two regions to
provi de at | east one sem conductor film exposed portion having the first
t hi ckness; oxidizing at |least a portion of the at | east one exposed

sem conductor film portion to provide at | east one partially oxidized,
exposed sem conductor film portion; and 29 renoving the oxidized portion
of the exposed sem conductor filmto Ieave a portion of the sem conduct or

filmbhaving a,second_t kness of fro ut forn

mul tiple-thi Cfgﬁggggsg % &t6r TBRY nsul g‘t (%‘FaSt28ne THgé t’?‘ﬂbd’"& 'L'ni%al m 25,

wherein the substrate is a sem conductor wafer or sem conductor substrate.

27. The AemireadBeto filpmopion ey ei n the substrate is silicon or germani um

28. The nethod of claim25, wherein the substrate is a silicon substrate.
forming a second device upon the at least one exposed semiconductor film

portion;
the first device being a partially-depleted SOI device and the second device being a

fully-depleted SOI device.

21. The method of claim 1, wherein the oxidation of the at least one semiconductor

film being a wet oxidation process or a dry oxidation process.

22, The method of claim 1, wherein the oxidation of the at least one semiconductor
film being a wet oxidation process employing an H2O and O» ambient, or a dry

oxidation process employing an O ambient.

23. The method of claim 1, wherein the oxidized portion of the exposed

semiconductor film is removed using hydrofluoric acid.

24. The method of claim 1, including the steps of then:
a) masking at least a portion of the second thickness semiconductor film or
the first thickness semiconductor film leaving exposed a portion of the other

thickness semiconductor film;
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29. The nmethod of claim?25, wherein the buried insulator layer is silicon
oxide, silicon nitride or alum num oxide. 30. The nethod of claim 25,
wherein the buried insulator layer is silicon oxide. 31. The nethod of
claim 25, wherein the sem conductor filmhas a first thickness of from
about 10 to 5000A and the buried insulator |ayer has a thickness of from
about 0 50 to 10,000A. 30 32. The nethod of claim25, wherein the

sem conductor filmhas a thickness of from about 10 to 2000A and the
buried insulator |layer has a thickness of fromabout 50 to 2000A. 33. The
met hod of claim 25, wherein the sem conductor filmis masked using a

atterned nas r. e t f ar ¢
gem conductor{§ %Jhl%%jﬁ )%éliém;g; m@e ‘Q‘Bg%e?t eﬁéﬁ E{]rna?cgklﬂrllilg |°§§/é§r tjﬂﬁkness

patterned masking |ayer conpri sed of silicon nitride or a sili con
ni tri de/ SFICOBAUGHRT §8Mst ack.

¢) removing the partially oxidized portion of the other thickness
semiconductor film to form a portion of the other thickness semiconductor film

having a third thickness that is different from the first and second thicknesses.

25. A method of forming a multiple-thickness semiconductor-on-insulator,
comprising the steps of:

providing a wafer; the wafer comprising a semiconductor film overlying a
buried insulator layer overlying a substrate;

the semiconductor film including at least two regions;

masking the semiconductor film within the least one of the at least two
regions to provide at least one semiconductor film masked portion having a first
thickness of from about 10 to 50004, leaving exposed the semiconductor film within
at least one of the at least two regions to provide at least one semiconductor film
exposed portion having the first thickness;

0>ddiz£11g at least a portion of the at least one expdsed semiconductor film

portion to provide at least one partially oxidized, exposed semiconductor film

portion; and
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35. The nethod of claim25, wherein the sem conductor filmis masked using
a patterned masking | ayer; the patterned nmasking |ayer conprised of silicon
nitride. 36. The nmethod of claim25, wherein the second thickness is from
about 5 to 100A. 37. The nethod of claim25, including the at |east one

sem conductor filmmasked portion is unmasked after treatnent of the at

| east one sem conductor filmexposed portion. 31 38. The nethod of claim
25, including the step of formng at | east one isolation device within the
sem conductor filmto segregate the at | east one sem conductor film nasked
portion fromthe at |east one sem conductor film exposed portion, 39. The

nmet hod of claim?25, including the st of formnag at .l A i ation
devi ce wi t hi nTePH@vViBg %B’ﬂglf&ad’rorflf’? ﬁ't? &Bg? C?’fﬁ%uca&s#ﬂggs e%ﬁ%g

sem conductor filmmasked portion fromthe at |east one sem conductor film
exposed portidroof the semicanduetos filotmvinga second thisknes of&romy abgHnt 1%sed of
silicon oxide. 40. The nethod of claim25, wherein the first thickness is

f rom aboghpA Qo F 2 R0 AuBRle Hhieks@E eadicohd akwesa-insulhtcam about 5 to 100A.

76. The method of claim 25, wherein the substrate is a semiconductor wafer or

semiconductor substrate.
27. The method of claim 25, wherein the substrate is silicon or germanium.
28. The method of claim 25, wherein the substrate is a silicon substrate.

29. The method of claim 25, wherein the buried insulator layer is silicon oxide,

silicon nitride or aluminum oxide.
30. The method of claim 25, wherein the buried insulator layer is silicon oxide.
31. The method of claim 25, wherein the semiconductor film has a first thickness of

from about 10 to 5000A and the buried insulator layer has a thickness of from about

50 to 10,000A.
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41. The nethod of claim 25, including the steps of: unmasking the at | east
one sem conductor film masked portion; formng a first device upon the at

| east one untreated, unmasked sem conductor filmportion; and form ng a
second device upon the at |east one exposed sem conductor film portion.

42. The nethod of claim 25, including the steps of: unmasking the at | east
one sem conductor film masked portion; 32 formng a. first device upon the
at | east one untreated, unmasked sem conductor filmportion; and form ng a
second devi ce upon the at |east one exposed sem conductor film portion;
the first device being a partially-depleted SO device and the second

devi ce bgj a ftully-deplgted SQ device : i 45,
wher ei n S#rgﬂ“&rpﬁé‘f)pdﬁ Cg?lg't f#e er?%‘atgl? s%%oggﬁ]ctg g%ﬁ?‘ tg%%%egg &
about 10 to 2000A and the buried insulator Jayer has a thickness of from about 50 to

2000A.

33. The method of claim 25, wherein the semiconductor film is masked using a

patterned masking layer.
34. The method of claim 25, wherein the semiconductor film is masked using a

patterned masking layer; the patterned masking layer comprised of silicon nitride or

a silicon nitride/ silicon oxide stack.

35. The method of claim 25, wherein the semiconductor film is masked using a

patterned masking layer; the patterned masking layer comprised of silicon nitride.
36. The method of claim 25, wherein the second thickness is from about 5 to 100A.
37. The method of claim 25, including the at least one semiconductor film masked

portion is unmasked after treatment of the at least one semiconductor film exposed

portion.
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filmbeing a wet oxidation process or a dry oxidation process. 44. The

met hod of claim 25, wherein the oxidation of the at | east one sem conduct or
filmbeing a wet oxidation process enpl oying an H20 and 02 anmbient, or a
dry oxidation process enploying an 02 anbient. 45. The nethod of claim 25,
wherein the oxidized portion of the exposed sem conductor filmis renoved
using hydrofluoric acid. 46. The nmethod of claim25, including the steps of
then: a) masking at |east a portion of the second thickness sem conductor
filmor the first thickness sem conductor film|leaving exposed a portion
of the other thickness sem conductor film 33 b) partially oxidizing the

exposed portion of th t.her_thick ' UghOratflehdP orfe) isbRBMI Ng t he
partial l -o&-‘?e’dpheé}&o{i)é’?t Relih é?’ Wﬁ@%‘ﬁi@e ?Ee%‘cﬁﬁgﬁgs geam' conductor filmto
forma portion of the other thickness sem conductor film ha“ior}ﬂhﬁt&rhi rd

t hi cknesdetinatwittindhe fsemaeanduckn file t9 pegregalR dhe &L Jeast ONe StREEE

film masked portion from the at least one semiconductor film exposed portion.

39. The method of claim 25, including the step of forming at least one isolation
device within the semiconductor film to segregate the at least one semiconductor
film masked portion from the at least one semiconductor film exposed portion; the

at least one isolation device being comprised of silicon oxide.

40. The method of claim 25, wherein the first thickness is from about 10 to 2000A

and the second thickness is from about 5 to 100A.

41. The method of claim 25, including the steps of:

unmasking the at least one semiconductor film masked portion;

forming a first device upon the at least one untreated, unmasked
semiconductor film portion; and

forming a second device upon the at least one exposed semiconductor film

portion.

42. The method of claim 25, including the steps of:

unmasking the at least one semiconductor film masked portion;
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47. A method of formng a nultiple-thickness sem conductor-on-insul ator,
conprising the steps of: providing a wafer; the wafer conprising a

sem conductor filmoverlying a buried insulator |ayer overlying a
substrate; the sem conductor filmincluding at |east two regions; masking
the sem conductor filmwthin the | east one of the at least two regions to
provi de at | east one sem conductor film nasked portion having a first

t hi ckness, | eaving exposed the sem conductor filmwthin at |east one of
the at least two regions to provide at |east one sem conductor film
exposed portion having the first thickness; etching at |east a portion of

the at | east ne .expos m conduct o, fil Vi den east
one partiall yoé%%da gﬂﬁ ?@H 10 o PR N Y ctonh?agfmé%%ﬁﬁ%%ﬁégﬁ om%ke?ng at
| east a portion of the partially etched, exposed sem conductor film

portion andumrwlmﬁ@n@m\d parti al I y oxi di zed, partially etched,
exposed sem conductor filmportion; and

forming a second device upon the at least one exposed semiconductor film
portion;
the first device being a partially-depleted SOI device and the second device being a

fully-depleted SOI device.

43. The method of claim 25, wherein the oxidation of the at least one semiconductor

film being a wet oxidation process or a dry oxidation process.

44. The method of claim 25, wherein the oxidation of the at least one semiconductor
film being a wet oxidation process employing an H20O and Oz ambient, or a dry

oxidation process employing an Oz ambient.

45. The method of claim 25, wherein the oxidized portion of the exposed

semiconductor film is removed using hydrofluoric acid.

46. The method of claim 25, including the steps of then:
a) masking at least a portion of the second thickness semiconductor fitm or
the first thickness semiconductor film leaving exposed a portion of the other

thickness semiconductor film;
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removi ng the oxidized portion of the partially etched, exposed

sem conductor filmto | eave a portion of the sem conductor film having a
second thickness less than the first thickness to formthe

mul ti pl e-thickness sem conductor- on-insulator. 48. The nmethod of claim47,
wherein the substrate is a sem conductor wafer or sem conductor substrate.
49. The nethod of claim47, wherein the substrate is silicon or germani um
50. The nethod of claim47, wherein the substrate is a silicon substrate.
51. The nethod of claima47, wherein the buried insulator layer is silicon
oxide, silicon nitride or alum num oxide. 52. The nethod of claim47,

wherein the ried.insulator. layer is_ sili OX1 de. T od of
clai m 47, whePeiRH sé’?ﬂtﬁ%}ﬂguctﬁ%r K S%hhg)gﬂg%i (ragt ﬂ? i g%ﬁésgﬁgﬁés?rom
about 10 to 5000A and the buried insulator |ayer has a thickness of from
about 5€emigondudoofllm;s4. The net hod of claim47, wherein the sem conductor
filmhas a thickness of from

¢) removing the partially oxidized portion of the other thickness

semiconductor film to form a portion of the other thickness semiconductor film

having a third thickness that is different from the first and second thicknesses.

47. A method of forming a multiple-thickness semiconductor-on-insulator,
comprising the steps of:

providing a wafer; the wafer comprising a semiconductor film overlying a
buried insulator layer overlying a substrate;

the semiconductor film including at least two regions;

masking the semiconductor film within the least one of the at least two
regions to provide at least one semiconductor film masked portion having a first
thickness, leaving exposed the semiconductor film within at least one of the at least
two regions to provide at least one semiconductor film exposed portion having the
first thickness;

etching at least a portion of the at least one exposed semiconductor film

portion to provide at least one partially etched, exposed semiconductor film portion;
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about 10 to 2000A and the buried insulator |ayer has a thickness of from
about 50 to 2000A. 55. The nethod of claim47, wherein the sem conduct or
filmis nmasked using a patterned masking | ayer. 56. The nethod of claimA47,
wherein the sem conductor filmis masked using a patterned nmasking | ayer;
the patterned masking | ayer conprised of silicon nitride or a silicon
nitride/ silicon oxide stack. 57. The nethod of claim47, wherein the

sem conductor filmis masked using a patterned nasking |ayer; the patterned
maski ng | ayer conprised of silicon nitride. 0 58. The nethod of claim47,
wherein the second thickness is fromabout 5 to 500A. 0 59. The nethod of

| aim 47, wherein.th d thick .S 0. Th
rethod of CI APRERRE AR ERaaR R ERG R Batyel BARE brtatd R hed

portion is unmasked after treatnent of the at . least g senmi gonductqr film
exposed film portion to provide at least one partially o><1d1zed{i1 parhgfy 2tched? 85pSsed

semiconductor film portion; and

removing the oxidized portion of the partially etched, exposed
semiconductor film to leave a portion of the semiconductor film having a second
thickness less than the first thickness to form the multiple-thickness semiconductor-

on-insulator.

48. The method of claim 47, wherein the substrate is a semiconductor wafer or

semiconductor substrate.
49. The method of claim 47, wherein the substrate is silicon or germanium.
50. The method of claim 47, wherein the substrate is a silicon substrate.

51. The method of claim 47, wherein the buried insulator layer is silicon oxide,

silicon nitride or aluminum oxide.

52. The method of claim 47, wherein the buried insulator layer is silicon oxide.
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portion. 61. The nethod of claim47, including the step of formng at |east
one isolation device within the sem conductor filmto segregate the at

| east one sem conductor film masked portion fromthe at | east one

sem conductor film exposed portion. 62. The nmethod of claim47, including
the step of form ng at |east one isolation device wthin the sem conductor
filmto segregate the at | east one sem conductor filmmasked portion from
the at | east one sem conductor film exposed portion; the at |east one

i sol ation device being conprised of silicon oxide. 0 63. The nethod of
claim47, wherein the first thickness is fromabout 10 to 5000A and the

second th ckness, | fr%ﬁ%—. i DAicoRdubdr filkaehd¥e! And tRickadsaion 47,
vvh_erei n glﬁFiﬂrl% Oékﬁfg neg@?ild\;she??%ﬁ]hggoutcolouto 2000A O and the_ seconq
e stsatioue T o S04 ah i Blvied ERunalriafE At RlaEll Bt idm et no

50 to 10,000A.

54. The method of claim 47, wherein the semiconductor film has a thickness of from
about 10 to 2000A and the buried insulator layer has a thickness of from about 50 to

2000A.

55. The method of claim 47, wherein the semiconductor film is masked using a

patterned masking layer.
56. The method of claim 47, wherein the semiconductor film is masked using a
patterned masking layer; the patterned masking layer comprised of silicon nitride or

a silicon nitride/silicon oxide stack.

57. The method of claim 47, wherein the semiconductor film is masked using a

patterned masking layer; the patterned masking layer comprised of silicon nitride.
58. The method of claim 47, wherein the second thickness is from about 5 to 500A.

59, The method of claim 47, wherein the second thickness is from about 5 to 100A.
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37 unnmasking the at | east one sem conductor film masked portion; formng a

first device upon the at | east one untreated, unmasked sem conductor film
portion; and form ng a second device upon the at | east one exposed

sem conductor film portion. 66. The nmethod of claim47, including the
steps of: unmasking the at | east one sem conductor film nmasked portion;
formng a first device upon the at | east one untreated, unmasked

sem conductor filmportion; and form ng a second device upon the at |east
one exposed sem conductor film portion; the first device being a
partially-depleted SO device and the second device being a fully-depleted
SA device. 67. The nethod of claim47, wherein the oxidation of the at

| east one semi conductor film being a wet oxidation process or a dry
oxi dation process.

60. The method of claim 47, including the at least one semiconductor film masked
portion is unmasked after treatment of the at least one semiconductor film exposed

portion.

61. The method of claim 47, including the step of forming at least one isolation
device within the semiconductor film to segregate the at least one semiconductor

film masked portion from the at least one semiconductor film exposed portion.

62. The method of claim 47, including the step of forming at least one isolation
device within the semiconductor film to segregate the at least one semiconductor
film masked portion from the at least one semiconductor film exposed portion; the

at least one isolation device being comprised of silicon oxide.

63. The method of claim 47, wherein the first thickness is from about 10 to 5000A

and the second thickness is from about 5 to 500A.

64. The method of claim 47, wherein the first thickness is from about 10 to 2000A

and the second thickness is from about 5 to 100A.

65. The method of claim 47, including the steps of:
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68. The nethod of claim 47, wherein the oxidation of the at |east one

sem conductor film being a wet oxidation process enploying an H20 and 02
anbient, or a dry oxidation process enploying an 02 anbient. 38 69. The
met hod of claim47, wherein the oxidation of the at | east one sem conductor
filmbeing at a tenperature of from about 550 to 1100C for a tinme of from
about 10 to 4000 seconds.. 70. The nethod of claim47, wherein the
oxi di zed portion of the exposed sem conductor filmis renoved using
hydrofluoric acid. 71. The nmethod of claim47, including the steps of then:
a) masking at |east a portion of the second thickness sem conductor filmor

the first thickne ] | |.88Y HiE readked §drdoor tion of the

ot her thi ckn%%&aé‘é“@?g@n%%%ﬁ‘?%?&n‘%&gy partially et gﬁi ng the exposed

portion of the other thickness sem conductor fil o rLial oy Lgi zi ng

the second paforming ya efitie d¥Eo 88 p&PY i Hn l%f’fs{tﬁ}ée o%'ﬁ%?at&a’ aheed
semiconductor film portion; and

forming a second device upon the at least one exposed semiconductor film

portion.

66. The method of claim 47, including the steps of:

unmasking the at least one semiconductor film masked portion;

forming a first device upon the at least one wuntreated, unmasked
semiconductor film portion; and

forming a second device upon the at least one exposed semiconductor film
portion;
the first device being a partially-depleted SOI device and the second device being a

fully-depleted SOI device.

67. The method of claim 47, wherein the oxidation of the at least one semiconductor

film being a wet oxidation process or a dry oxidation process.
68. The method of claim 47, wherein the oxidation of the at least one semiconductor

film being a wet oxidation process employing an H2O and Oz ambient, or a dry

oxidation process employing an Oz ambient.
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t hi ckness sem conductor film d) renoving the partially oxidized portion of
the ot her thickness sem conductor film to forma portion of the other

t hi ckness sem conductor filmhaving a third thickness that is different
fromthe first and second thicknesses. 39 72. The nethod of claim47,
wherein the etching at |east a portion of the at |east one exposed

sem conductor filmporti on to provide at |east one partially etched,
exposed sem conductor filmportion utilizes a plasma etch process. 40

69. The method of claim 47, wherein the oxidation of the at least one semiconductor
film being at a temperature of from about 550 to 1100°C for a time of from about 10

to 4000 seconds..

70. The method of claim 47, wherein the oxidized portion of the exposed

semiconductor film is removed using hydrofluoric acid.

71. The method of claim 47, including the steps of then:

a) masking at least a portion of the second thickness semiconductor film or
the first thickness semiconductor film leaving exposed a portion of the other
thickness semiconductor film;

b) partially etching the exposed portion of the other thickness semiconductor
film;

c) partially oxidizing the second partially etched exposed portion of the other
thickness semiconductor film; |
d) removing the partially oxidized portion of the other thickness semiconductor film
to form a portion of the other thickness semiconductor film having a third thickness

that is different from the first and second thicknesses.
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72. The method of claim 47, wherein the etching at least a portion of the at least one
exposed semiconductor film porﬁon to provide at least one partially etched,

exposed semiconductor film portion utilizes a plasma etch process.

40




