Sl 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 |layer 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-SA double filmstructures. Electrostatic discharge
(ESD) characteristics of the SO device is inmproved by having a thick
doubl e layer of silicon in selected regions. U S. Patent No. 6,222,234 Bl
to Imai discloses a sem conductor device wth a fully-depleted SO MOSFET
and a partially-depleted SO MOSFET on the sanme SO substrate through

i solation by an element isolation film 2 U S. Patent Nos.. 6,414,355 Bl and
6,448,114 Bl both to An et al. disclose, respectively,- a
silicon-on-insulator chip having an active |ayer of non- uniformthickness
and a nethod of fabrica R FRFvERy 96,584 to

El l'i s- Monaghan et al . gﬁ%TN?réngﬁt N or ‘and CMOS- on- SO
double fil mfabrication 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 al. describes a radiation hardened

- silicon-on-insul ate desR8 i Higher 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 SOl offer many advantages over their bulk counterparts, including
absence of reverse body effect, absence of latch-up, soft-error iﬁmunity, and
elimination of junction capacitance typicaﬂy encountered in bulk silicon devices.
SOI technology therefore enables higher speed berfomance, higher packing ldensity,

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 Jouble layer of

silicon in selected regions.

U.S. Patent No. 6,222,234 B1 to Imai discloses a semiconductor device
with a fully-depleted SOI MOSFET and a partially-depleted SOI MOSFET 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
“4m 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 t-0-624; describes
depl et ed-substrate 3 transistor (DST) technol ogy wherein

depl et ed- subst r at tr SIStOI’S were fabricated on thin silicon body
(< 30nm) wi th phyJ SaP el dioeraHoI R e Suke I VinBanbeo rbebar

subt hreshol d sl opes (< 75 nV/ decade) and inproved DIBL (< 50wW/V) over
bot h pardiscbdey regmctvely, @PsilyoB6h-inndaton| dhifi having droabtiRMES ea ndiOS
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-S0I double film fabrication process with a coplanar

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

US. 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 qutﬁ Japan; pages
19 and 20; describes ultra-thin body MOSFETs W1th body thicknesses down to 4pm

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

The article entitled " A 50nm Depleted-Substrate CMOS Transistor
(DS'I);" Robert Chau et al; Infernational 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 one 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 wwth two or nore silicon thicknesses wt h good
uniformty and reduced defects. It is yet another object of one or nore
enbodi ments of the present invention to provide fully-depteted SO devi ces
and partially-depleted devices on the sane substrate. Lt-i's anot her object
of one or nore enbodi mrents of the present invention to provide thi ck
silicon filnms for the formation_of S iodes wWth I curr.ent ves.
Ot her obfrapsistog; @Sjapf?éh%‘omye?"ﬁ‘&’f'@cﬂé%elﬂ &r@é‘%’ﬁ%@ﬂ@g nu@ﬁlsést%’\‘?ef’ve t hat

t he above and other objects of the present invention nay be acco Ilshed
in the féibrivatedgorrdhinesilicdpbody (< 40hm) veth physical gate lengths down to 50n

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 filmwthin the | east one of the at

| east two regions i's masked to provide at |east one sem 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 |east a portion of «the at- |l.east one exposed
sem conductor filmportion is oxidized to provide at |east one partially
oxi di zed, exposed senicon% tor filmportion. Then the oxidized 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 etsbedigplieniMeobctlFank of BoreRaTHd tseédﬁgé%mes%ﬁposed
| zed.

sem conductor filmportion which is$ then partially oxi o provide at
| east o tialdy Idikzed, partially. etched xposed sem conductor film
port i on"@ﬁgﬁ%}i | zegi%p‘g!ﬁl%i ¢h S?W%de’éfqrf%‘wh@? he§Pex BgER g multiple

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 S0l 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 dearly understood fromthe
foll ow ng description taken in conjunction with the acconpanying draw ngs
in which |ike reference nunerals designate simlar or corresponding
elements, regions and portions and in which: Fig. 1 schematically
illustrates the initial structure common to the-first. and second
enbodi nents of the present invention. Figs. 2(a) - (d) schematically
Illustrate a first lE)éeferrelc)i emhodi ment of the present invention. Figs.
3(a) - (d) schemat Tchrs yom bersy discavered dhahthepaldvwer aad atherodbiaentof the t he
present invention. Fig. 4 schematically.illustrates the formation of
i sol ati orpressgit dngentivrS@lay be accomplished in the following manner. Specifically, a
wafer 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 parhally 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 film 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 enbodinent to
forma mnulti-thickness sem conductor-on-insulator film DETAILED
"DESCRI PTI ON OF THE PREFERRED EMBCDI MENT | nformation Known to the Inventors
- Not Prior Art 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 SO transistors: partially-depleted (PD) SO -t.ransistor and
fully-depleted (FD) SO transistor. A PD-SO transistor has a nmaxi num
depletion width that j ! . hody i , and it therefore
has -a partially depl epg{éﬁ'%ﬁér ou&?fjlé. 4 opé.{]éﬁﬁgéét he nmerit of being
hi ghly manufacturable, but they suffer fromfloating body effects. Digital
circuits which typically have higher tolerance for floating body effects
may enpl oy PD-SO

The present invention will be more clearly understood from the

following description taken in conjunction 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 c-)f,

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,




transistors. An FD-SO transistor has a body which is fully depleted as the
maxi nrum 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. CGenerally, analog circuitry

perforns better when designed using FD- SO devices than using PD SO
devices. 4 There is a need for m xed digital and anal og signal SO chips
with regions suited for digital circuitry and regi ons sui.ted for anal og
circuitry. Therefore, it is advantageous to provide at lLeast two different
silicon filmthicknesses on the silicon-on-insulator chips. Regions with
very thin silicon filnms may be enpl oyed for FD-SO devices while regions
while thicker silicon films my be used for PD SO devices. The
availability of at least two different silicon body thicknesses al so

of fers increased fFiggi 6i(h) ¢+ ()i stheinativilly dhdstedw itlee usesf the fitst cadddcendn, SO
circuits, like other electronic circuits, are susceptible to electrostatic

| di schar gembbdthentisPofih GinBl MRS 5GniOndusidh $o-inBuM B ARE




(positive or negative) that results when a | arge anmount 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 schenmes 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 anount of negative or positive voltage is
devel oped. Traditional bul k over-voltage protection schenes, such as diode
circuits on bulk substrates, do not work well on SO. substrates due to the
presence 10, of the SO buried oxide. That is, conventional diodes
fabricated on SO have smal | current drives because the current is carried
| ateral |y and2ELAILER BHSCRIPTHIN PREH IBQRIMENEt er i al .

Thus, a thicker S|I|con t hi ckness may be used to increase the lateral
junctlon area of devices like a diode or a lubistor. This increase in the
junction area would i nprove or increase the diode current drive.

Fur t her i@o8matibh Kot @R Intedibfl -8Qbi PlioRAtween different regions may be
used to control other aspects of active devi ces, such as source/drain

dopi ng, junction capacitance,

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)} SO transistor and fully-depleted (FD) SOI transistor. A PD-SOI transistor has
a maximum depletion width that is smaller than the body thicknees, and it therefor.e
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-S0I transistor has a body which is fully depleted as the
maximum depletion width is larger than its body thickness. FD-SOI devices avoid
the problems of floating body effects with the use ef a ﬂ1inner silicon body thickness
or a light body doping. Generally, analog circui&y performs better When. designed

using FD-50I devices than using PD-SOI devices.




floating body effects, switching speed, etc. It is advantageous to provide
at least two different silicon film thicknesses for the SO substrate.
Regions with thicker silicon filmmy be used for naking
partially-depleted SO devices, while regions with thinner silicon film may
be used for making fully-depleted SO devices. In addition, thicker silicon
filme may al so be used for sel ected devices, such as diodes or |ubistors.
A thicker silicon filmthickness may be used to i ncrease -=the | ateral
junction area of diodes or |ubistors. This increase.i-n - UﬂCt ion area woul d
_inprove, or increase, the current drive. 11 In this invention, a SO

t echnol ogy havi ng far g4 L sl . I+

i nvention al so tegﬁ%sﬁafal‘ag%g{ﬂ %&ge&n@@% ;3? %s%&ﬁ ﬁf%pg%xﬁ
silicon- on-lnsu ar su trate. ?ﬁétlaﬂ Stru&ture mmnto Bot h

Enbodi mEh$'dMe eglt of digifal circuttyeand regienssuited fok analeg CHAYni ti al structure

common to the first and second enbodi nents of the present invention.

Therefore, it is advantageous to provide at least two different silicon

film thicknesses on the silicon-on-insulator chips. Régions 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
(po_s;iﬁve or negative) that results when a large amount of current is applied to the
circuit. For the purpose of providing ESD.p_rotection for circuits, ESD pulses have to
be discharged by paths around the protected circuit. ESD protection sqhemes need a
low voltage turn-on and a hi.gh 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




As shown in Fig. 1, an sem conductor-on-insulator (SO) 19 is formed over
structure 10. SO 19 includes an overlying sem conductor film 14 and a
buried insulator |ayer 12. The sem conductor film 14 may be any el enent al
sem conductor such as silicon and germani um any alloy sem conductor such
as silicon-germanium or any conpound sem conductor such as indium
phosphi de and gallium arsenide. 1In the preferred enbodi nent, the

sem conductor film14 is silicon. Buried insulator |ayer=12 is preferably
silicon oxide, but may be conprised of any insulator- such-as silicon
nitride and al um num oxide.. Structure 10 is preferably a sem conduct or

waf er orofsHSOIahRiNexilds. m{tq; %ﬁ%ﬂu&kah'cﬁe@esof"abg‘éétﬁaw‘%? dvé §;tn'5ﬂ

preferably silicon. 12 Silicon film 14 has a thickness tsi pre rably

from ab nd ref er.gb] out. .10t 00A. Buried
sili conodcf)lkl é‘gd}layeg Fh %urr?rﬁ %W@gqﬁ?}/ﬂlye‘ﬁa ﬁ"é\“ﬂ‘?dfl? o‘i‘ﬁefﬂ} st o

- 10, 0O00A and nore ref erably fromabout 50 to 2000 A First Enbodi nent -

Fi gs. (tgy senyigyn uctor 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 thinﬁer 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




Figs. 2(a) - (d) schematically illustrate a first preferred enbodi nent of
the present invention. In the first preferred enbodi nent, at |east one

. portion (within region 26) of the silicon film214 is selectively thinned
to a second thickness ts2, using an oxidation 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 forned
after the thinning process(es) (see Fig. 4). Selective Masking - Fig. 2(a)
As shown in Fig. 2(a), SO 19 includes at |east:two regions 26, 28. The
silicon film214 within one or nore of regions 26,28 is nasked (e.g. wthin
region 28 as shovf thiz ifiVéhs | AL : [ ~§%§g e.g.
regi on 26 as shown fﬁﬂlﬁygﬁuﬁ%g). Nhsk(gég%géﬁ%gggggﬁﬁgb%%%%?ﬁgé oﬁé

it do PaRISRI T Hyertln, ke Fsfen Bt ferph Brotmetiots GEbring i 4 so be

conprised of common masking materials known and used in the art. Mask 15
may be folispRomInsatopsilRitaton of the silicon |ayer 14 using a

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 1ayér 12. The semiconductor film 14 may be any elemental semiconductor
such as silicon and germanium, any alloy senﬁconductor 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
llayer 12 is preferably silicon oxide, but may be comprised of any insulator such as

siticon nitride and aluminum oxide..

Structure 10 is preferably a semiconductor wafer or substrate and is

preferably silicon or germanium and is more preferably silicon.

12




dry oxidation 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 Film14 - Fig 2(b) As shownin
Fig. 2(b), the silicon film14 wthin 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

enpl oying an H20 and 02 anbi ent at atnospheric pressure; or (2) a dry

oxi dati on processc; lea)] . | ent .at at gospheri 20
convert a porti ot kfg}ﬂ%Ir}%gﬁg%cgﬂq%sgﬂr?fﬂ?%%}’%Wﬁg’aﬁéﬁf%g(ﬁgga
silicon oiéi de | a eﬁ)@g) rtion 27'. The _thi,ckness uniformty is better than

2% afte B AP oy @boyk 107020084 . Srrigdtsibirorp osideskayemy? hes a
conducted at a tenperature: preferably fromabout 550 to 1100C, and 14 a

time: ofthiskaessrcpirgfefablyrfmboabodsa o UMD Asenbase preferably from about 50

to 2000 A.

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

Figs. 2(a) - (d) schematically illustrate a first preferreci 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 _regié)ns 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 preferabiy comprised of silicon nitride (SisNy), and is more

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

13




The dry oxidation process may be conducted at a tenperature: preferably
from about 550 to 1100C, and a tine: preferably fromabout 10 to 4000
seconds. Renpval of Silicon Oxide Layer Portion 27 As shown in Fig. 2(c),
the silicon oxide |layer portion 27" is renoved preferably using dilute
hydrof l uoric acid, such as that prepared by m xing 1 part of concentrated
(49% HF with 25 parts of water H2O. The etch rate is about 100A per
mnute for thermally grown silicon oxide. Renpval of Mask-:15 As shown in
Fig. 2(d), any remaining mask(s) 15 is/are renoved from-ever partially
thinned silicon film14' and the structure may be cleaned as necessary.

The expog%kqgrntlé f m 14 \Mthl | east one. region
26 is preferablyt ﬁr?ed&] &]Lééﬁ(?q"%%gp Tk e’flglig ?ﬁ‘fiui‘?fFFb 5000A
and 15 E%r_e preferably fromabout 10 to 1000A so that the its final

t hi nned kness ts2 of preferably fromabout 5 to 500A and nore

preferably fromabout 5 to 100A.

Mask 15 may be formed by the oxidation of the silicc;n Iayer 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 |
préferably an oxidation process such as: (1) a wet oxidation process employing an
H20 and O ambient at aimoépheric pressure; or (2) a dry oﬁdaﬁoﬁ process

: c—;mploying 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:

. atemperature: preferably from about 550 to 1100°C; and

14




Wiile Fig. 2(d) illustrates an SO having a silicon film 14" having two
different thicknesses tsi, tsz; 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 film 14 wthin:a second region
whi |l e mai ntaining at | east one mask over at |east portion-of the silicon
film1l4 with a third region 28. The differential thickness ratio between
t hi nned 26 and nonyg e QASn om about 5 to 80%
Renoval of Mask(s) %%kan Egﬁﬁg?]on %%0 gf?%p ééF%%s 20, 22, 24 - Fig.
4 As shown in Fig.2(c) of the first enbodlnent and 3(c) of the second
enbodi nent, the silicon oxide is. renoved using dilute hydrofluoric acid,
such as that prepared by HIXIng 1 cart of concentrated (49% HF with 25
parts of wat e¥SBIY OXIGRIOTHP ahdugted@@ angstrons per minute for
thermally grown silicon oxide. 16

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

a time: preferably from about 10 to 4000 seconds.

Remov.al 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 H>O. The etch rate is about 100A pér

minute for thermally grown silicon oxide.

Remc_)val 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 ts1 of about 10 to 5000A and

15




Any remai ni ng masks 15 are renoved fromover partially thinned silicon film
14" and the structure may be cl eaned as necessary. Second Enbodi nent -
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

| east two regions 26, 28. The silicon film 14 w thin 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 prefergbly copprised silicon nitride (Si3N4).. and is re

pr ef er aBNSredypisraligdrym @&Fi‘?&‘b%%# P‘?@éﬁtﬁﬁ%‘ﬁ %ﬁ%%hycgﬁsfé%ﬁ oxi de

| ayer. The mask 15 nay al so he conprised of conmmon masking paterials known
“and usegréeferatiy roan abdtsktolW0deandmdre prefdrally from abduaéttﬂégobf the silicon

| ayer 14 using a dry oxidation process with a tenperature from about 550 C
to 950C, and then

While Fig. 2(d) illustrates an SOI having a silicon film 14" having two

- different thicknesses ts1, ts2, one skilled in the .art can appreciate that the above sfeps
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 expoéed 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 Vleast portion of the

silicon fitm 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 HyO.

The etch rate is about 100 angstroms per minute for thermally grown silicon oxide.
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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 nask 15 to give the structure as shown
in Fig. 2(a). Selective Thinning of Silicon Film14 - 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 tsi within region 26, that
~portion is first etched as at 17'. The silicon etch process 17' nmay be
performed by a plasma etch process known and used in the-art. For exanpl e,
reactive ion etching (RIE) using chlorine-based chem stry may be used to
etch silicon. The anneal may be a ydrogen anne .te [ at ur.es._bet ween
900 and MGG%W@%PQW? I‘Fﬁ’é’veaﬁ?‘?}&t‘?‘@ﬁ H‘J\rggllé% M%@‘?nﬁ? 8? wet
oxi dation. The oxidation tenperature may range preferably from550 to
1100C, aadl theastraxtudatmanbe cleanedys nemgmarpr ef erably  from about 10 to 4000
seconds. As shown in Fig. 3(b), the exposed, etched portion of silicon film
14" -is

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 (SisNs), 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 usinga -

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

17




t hen sel ectively oxidized such as by (1) a wet oxidation process enploying
“an H20 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 layer portion 27". The thickness uniformty is
better than 2% after the thickness reduction. This reduces the thickness
of the etched/ oxidized portion of silicon film 14" w-thin= region 26 to

t hi ckness ts2. Renoval of Silicon Oxide Layer Portion 27-—As shown in Fig.
3(c), the silicon oxide layer portion 27" is renoved preferably using

dilute rof.l uorj ' i - LiXibAGyith Rtkhe Rhd
concent p%%% 8%%%%0&%&@%%%?%%&-%%%%?%8%%2%ragglé)@é?%ﬁﬁgt ch rate Pi s. about

- 100A per mnute for thermally, grown_silicon oxide. noval of Mask 15 As
shown i ADPNGNIAFSHTECHFOT BARRE ﬁrtﬁambw(@d FE3CEg %egﬁ%ﬂﬂyfq’% eag?/er

partially thinned silicon film 14" and the structure may be cl eaned as

necessarpattern 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 at17'.

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 oﬁdaﬁon. 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 H2O

and Oz ambient at atmospheric pressure; or (2) a dry oxidation process employing
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Formation of |solation Regions in Sol Substrate 19 Having Multiple Silicon
Layer 14',14" Thicknesses 19 Fig. 4 illustrates the cross-section of a
portion of the substrate after the fornation of isolation regions 20,22,
24. The partially thinned silicon film14'/14" may then be patterned and
| sol ation devices 20, 22, 24 are formed between each region 26, 28 and
segregating the partially thinned silicon film14'/14" into thinner
silicon filmwportions 16 and thicker silicon filmportions 18. |solation
regions 20, 22, 24 may be shallow trench isol ation (STl)--and are
preferably conprised of silicon oxide. Formation of Devices 30,32 - Fig. 5
As shown ip Fig..5 espect.ive devices, 30, 32 may .then he,forne ver the
Gt orep piaoiiett oL AHPOSRAYT RROILS theonkerta REHTR Pefronirosty o
exanple, a full -de%jeted SO field effect transistor 30 may be formed
over thimﬂ@ailysfitpg@b&i con filmgdt wiithin 1egion 2hita arsiligammoxdde Jajeer portion 27",
partially-depleted SO transistor nay be

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 tso.

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 partof
| concentrated (49%) HF with 25 parts of water H;O. 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 Hdving Multiple Silicon Layer

14!, 14" Thicknesses
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formed over non-thinned silicon filmportion 18 within region 28. 20 O her
devi ces may al so be forned upon the silicon filmportions 16,18, such as
N-channel devices, diode devices or lubistors. Fully-depleted SO devices
are preferably formed within the thinned silicon filmportion 16 and
partially- depleted SO devices are formed within the thicker silicon film
portion 18 such as transistors, body-contact devices and diodes. 21 Sanple
'gs. 6(a) - (d) Illustrating Formation of Miltiple-Thi.ckness Sem conduct or
Fil m Layer Portions As shown in Figs. 6(a) - (d), nulti-ple-thickness

.sem conductor film |ayer 14"' portions wthin regions 100, 102, 104, 106
may be fornmed in accordance wth either the first or second enbodi nents of
the present invention having respective thicknesses tsi, tsa, tsa, tsi by
usi ng, for exanpl a second nmask 15" in accordance with the

€.. I
di scl osur e/ t eachi 8- hilusirates Ahg srasegedioss ofamportiopaithe puksirate affer 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 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 (STI) and

are preferably comprised of silicon oxide.

Formation Qf Devices 30,32 - Fig. 5

As shown in Fig. 5, respective devices 30, 32 may then_}ée formed over

~ the different ﬁﬁckness silicon film portions 16, 18 within regions 26, 28. For example,
a fully-depleted SOI field effect transistor 30 may be fdrmed over &1innéd silicon
film portion 16 within region 26 and a partially-depleted SOI transistor may be

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

20




The advantages of one or nore enbodi nents of the present invention
include: 1. a new nethod to obtain silicon-on-insulator substrates with
multiple silicon thicknesses; 2. For the first enbodi nent: the use of

oxi dation of silicon to reduce the thickness of silicon in selected
portions of the SO substrate as oxidation introduces |ess defects and is
nore uni formthan an etch process; and 3. For the second enbodi nent a
conmbi nati on of anneal -and oxidation to reduce silicon thixckness in

sel ected regi-ons of SO substrate. 22 Wile particular enbodi nents of the
.present invention have been illustrated and described, it is not intended
Lo pamt Lhe 1 nverhoNde & Rhy ot bG8 ubn'dlE sitidbh A WbribRL 15,1873

such as N-channel devices, diode devices or lubistors. Fully-depleted SOI devices
are preferably formed within the thinned silicon film portioﬁ 16 and partially-

depleted SOI devices are formeci within the thicker silicon film portion 18 such as

transistors, body-contact devices and diodes.
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1. A nethod 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 filmw thin the | east one of the at least two regions to
provi de at | east one sem conductor film nasked portion having a first
thickness, |eaving exposed the sem conductor, filmwthin:at |east one of
the at least two regions to provide at |east one sem conductor film
exposed portlon having the first thickness; oxidizing at |east a portlon of
the at kegash -

one parftT4d PXT O S e Senttottdet o TP ot i

t he OX|gHzeg Eortlon of the exposed senlconductor filmto Ieave a portion
of the il mhaving a second thickness |ess than the first
thickness to formthe multiple-thickness sem conductor-on-insul at or,
wherein the second thickness is fromabout 5 to | OOA

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 tsi, tss, tss, ts1 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 si]icon—omiﬁsulator substrates with multiple
silicon thicknesses;_

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

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

reduce silicon thickness in selected regions of SOI substrate.




24 2. The nethod of claim 1, wherein the substrate is a sem conductor wafer
or sem conductor substrate. 3. The nethod of claim1, wherein the
substrate is silicon or germanium 4. The nethod of claim1, wherein the
Substrate is a silicon substrate. 5. The nmethod of claim1, wherein the
buried.insulator layer is silicon oxide, silicon nitride or alum num
oxide. 6. The nethod of claim1, wherein the insulator layer is silicon
oxide. 7. The nethod of claim1, wherein the semi conductof filmhas a first
t hi ckness of from about 10 to SODOM and the buried-insul-ator |ayer has a
t hi ckness of from about 50 to 10,000A. 8. The nmethod of claim1, wherein
t he sem conduct or 4.l m has first thickne of fromabout 10 tqQq 2000A and
the buried insul ap\?}?ﬁel NS Cui s© ﬁnpﬂf@%ésgfsil}e PrefephABYEntgy hage R§epok 25
9. The nethod of claim1, wherein the sem conductor filmis masked using a
ustrated and described, it is not intended to limit the invention, except as defined

by the following claims.
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patterned masking |ayer. 10. The method of claim 11, wherein the

sem conductor filmis nmasked using a patterned nmasking |ayer; the
patterned masking | ayer conprised of silicon nitride or a silicon
nitride/silicon oxide stack. 11. The nethod of claim1l, wherein the

sem conductor filmis masked using a patterned masking | ayer; the
-patterned maski ng | ayer conprised of silicon nitride. 12. The nethod of
claiml, including the at |east one sem conductor film masked portion is
unmasked after treatnent of the at |east one sem conductor fil m exposed

portion. 13. The nethod of claim LpAmgd udi ng the step of forming at |east

one isolation device within the senm conductor filmto segregate the at

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

sem conductor film exposed portion. 14. The method of claim 1, including

t he steRgof formng at |east one isolation device within the sem conductor
filmto Bate the at |east one semconductor film masked portion from
t he at Ieast one sem conductor film exposed portion; the at |east one

i sol ati on device being conprised of silicon oxide.

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

providing a wafer, the wafer comprising a sgmiconductbr ﬁlnﬁ overlying a
buried insulator layer overlying a substrate;

the semiconductor film including at least two regioné;

masking the semiconductor film withi’n the leasi one of the at least two regions
to provide at least one semiconductor film niasked portion having a first thickness;

- leaving exposed the Semicondi;ctor;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 Iéa_st one exposed sé_micOndupfor film
portion to provide at least one-‘pau’tiadl-jr oxidized, exposed semiconductor film poition;
and

removing ﬂ1_e oxidized portion of the exposed semiconductor ﬁln;to leavea -
portion of the serr;iconductor film having a second thickness less than the first
thicknes;s to form the multiple—.thigkness semiconduétor—on—insulatc_af, wherein the

second thickness is from about 5 to 1004,
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26 15. The method of claim11, wherein the first thickness is from about 10
to 5000A. 16. The nethod of claim1, wherein the first thickness is from
about 10 to 2000k 17. The nethod of claim1l1, including the step of.
unmaski ng 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. 18. The nmethod of claiml; including the step
of unmasking the at |east one sem conductor fil mnmasked portion; formng a

first deyice ypomif ddashn B HOLIGRLAC: (0mRekadisarhappductor film

portion; ‘and formng a second device upon t ast one exposed

sem conduct.o ion; the first device bel ng a partially-depleted
sa deV|%éngﬂﬁﬂ?h§ @%@3 d device being a

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 nitride or aluminum oxide.
6. The method of claim 1, wherein the insulator l'ayer is silicon oxide.
7. Themethod of claim 1, wherein the semiconductor film has & first thickness of
from about 10 to ;5‘(_)@01& 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 ﬁrst thickness of

_from about 10 to 2000A rand= the buried insulator layer has 4 thickness of from about

50 to 2000A.
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fully-depleted SO device. 19_ The nethod of claim1, wherein the oxidation
of the at | east one sem conductor filmbeing a wet oxidation processor a
dry oxidation process. 27 20. The method of claim1l, wherein the oxidation
of the at |east one' sem conductor filmbeing a wet oxidation process

enpl oying an H20 and 02 anbient, or a dry oxidation process enploying an
02 anbient. 21. The nethod of claim1, wherein the oxidized portion of the
exposed sem conductor filmis renmoved using hydrofluoric acid. 22. The

met hod of claim1, including the step of then: a) nasking at |east a
‘portion 8f thd&hsaewthd aflvtadione sdeganttesamiindnctbi film isonasgkhé ufingst t hi ckness
sem conductor filmleaving exposed, a portion of the other thickness

sem condyafténed inksindlaygarti al |y oxi di zing the exposed portion of the other
t hi ckness sem conductor film, c¢) renoving the partially oxidized portion
of . the ot her thickness '

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 usinga

_patterned masking layer; the patterned masking layer comprised of silicon nitride.

2. The method of claim 1, including the at least one semicoﬁduotdr film masked
| “portion is unmasked after treatment of the at least one semiconductor film expo’séd

portion.

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

masked portion from the at least one semiconductor film exposed portien,

14.  Themethod 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 -
' mas_ked portion from the at least one semiconductor film exposed portion; the at least

~ one isolation device being comprised of silicon exide.
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sem conductor filmto forma portion of the other thickness sem conductor
film having a third thickness that is different fromthe first and second
t hi cknesses. 23. A nethod of formng a nmultiple-thickness

sem conductor-on-insulator, conprising the steps of providing a wafer; the
waf er conprising a sem conductor filmoverlying a buried insulator |ayer
overlying a substrate; the sem conductor filmincluding at |east two

regi ons; nasking the sem conductor filmwthin the | east one of the at

| east two regions to provide at |east.one seniconductor Tilm nmasked

por ti on hgVvi ngy@ et oft iGN SR rein Iadfirst HOMRAOY rohPaiidh 2089400 eavi ng

exposed the sem conductor fi 'mwthin at [east one of the at |east two
regions to provide at | east one sem conductor film exposed portion having
the first thickness; oxi di zing at least a portion of the at |east one

ot i 3016 ax pBE B el itch e IR Rbnessih Gogt sk 0 SAUA on of ¢ he
at | east one sem conduct or filmbeing a wet oxidation
17.  Themethod of claim 1, including the step of:
unmasking the at least one semiconductor film masked portion;
. forming a first device upon the at le'ast.one-u_nt_reated, unmasked
semiconductor film portion; and '

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

portion.

i8.  The method of clai 1, including the step of:-

| unmasking the at least one semiconductor film masked portion;

: forming-a. first device upon the at least one un&eated? vnmasked s'e’mic()nduct& ﬁlm |
portion; and
forming 4 second d_-éﬁt:e upon the at lgasﬁ one exPosed'semicbnd;'cﬁtor film -
portion; |
“the first device belng a partially-depleted s0r dev:ce and the second device being a

ﬁllly—depleted SOl device.

19.  The méthod of claim 1, wherein the oxidation of the at least one

- semiconductor film being a wet oxidatio_n- process or a dry oxidation process.
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process

or a-dry oxidation process; and renoving the oxidized portion of

t he exposed sem conductor filmto | eave a portion of the sem conductor
filmhaving a second thickness of fromabout 5 to 500A to formthe
mul ti pl e-thi ckness sem conductor-on-insulator. 24. The nethod of claim 23,

wher ei n
25. The
26. The
27. The
‘oXxi de,

wher ei n

the substrate is a sem conductor wafer or sem conductor substrate.
nmet hod of claim 23, wherein the substrate is silicon or germani um
nmet hod of claim 23, wherein the substrate is a silicon substrate.
met hod of claim23, wherein the buried insulator Tayer is silicon
20. i cdhe methaddd claimal, wrlieneimitloxoxidation®f thehat least b of cl ai m 23,

the buried insulator layer is silicon oxide. 29 29. The nethod of

cl ai m 23semibeiidrictor tiihd ey £ wetowitdstion protesh amphyiig it Hib aek Qe ambiepf, from
~about .10 to 5000A and the buried insulator |layer has a thickness of from

about SOO}Qd%ﬁ@Qﬁnp?&esJ&ﬁp@ﬁ@%@ImﬁB@h{n 23, wherein the semn conductor

filmhas a thickness of

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

semiconductor film is removed using hydrofluoric acid.

22, The method-of claim 1, including the step of then:
ay masking:-at ieast a portion of the second thicknéss semicqriductor film

or the first thickness .SemicondUGtﬁr film 1eayihg eXposed. a portion of the other

thicknéss Semicondﬁc'tor- ﬁ'lixi; :

b) ‘ parﬁally 0x1dlzmg the exposed portlon of the other thlokness
semlconductor ﬁlm -' . S -
c) removing the partially oxidized portion of the other thickness

semiconduetor film to-form 4 portion of the other thickness semiconductor film-

' havi-ng a third thickness tha't"i'sidiffer'eht froxh the first and second thicknesses.

23. A method of fonning a'mﬁlﬁple-thicknéss‘ semiconductor-on-insulator,

comprising the steps of:

providing a wafer; the wéfér comprising a semiconductor film overlying a
buried i_:isﬁlato: layer overlying a substrate;

. the semiconductor film including at least two regions;

R maslang the ‘s_e_:m'ifaonducto'r film wiﬁ_:in the least one of the at Teast two reg'ions'

1o provide at least one semiconductor film - masked portiori having a first thickness
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from about 10 to 2000A and the buried insulator |ayer has a thickness of
fromabout 50 to 2000A. 31. The nethod of claim 23, wherein the

sem conductor filmis masked using a patterned masking |ayer. 32. The

met hod of claim 23, wherein the sem conductor filmis masked using a
patterned masking | ayer; the patterned masking | ayer conprised of silicon
nitride or a silicon nitride/silicon oxide stack. 33. The nethod of claim
23, wherein the semiconductor filmis masked using a - patterned masking

| ayer; t hef fph bBENGD t5BOEY AT ehin g ExfRBPiHeseiRhdaditbi £ withir itdéast 34. The
net hod of claim23, wherein the second thickness is fromabout 5 to | ook

35. The netNAdhol: IQAsfllvgi}(g%oachg Ut 16t G de 3 gtﬂ&%r ﬁﬁﬁ”eﬁﬁ%@&cwr filma

masked portion i s unnma treatment of t | east ©

seni CO”dUCtrﬁrngiJ' m eﬁ)rostﬁ{% o tion. 30 36. The nethod of claim 23,
I ncl udi ngpc{ & ?éﬁgg}e St 4t | east one isolation
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,
- wherein the oxidation of the at least one semiconductor film being a wet oxidation
process or a dry oxidation process; and
removing the oxidized portion of the exposed semiconductor film to leave a

portion of the semiconductor film having a second thickness of from about 5 to S00A

* to form the multiple-thickness semiconductor-on-insulator.

24. The method of claim 23, wherein the substrate is a semiconductor wafer or

semiconductor substrate.
25.  The method of claim 23, wherein the substrate is silicon or germanium.

26. The method of claim 23, wherein the substrate is a silicon substrate.

27.  The method of claim 23, wherein the buried insulator layer is silicon oxide,

silicon nitride or aluminum oxide.

28.  The method of claim 23, wherein the buried insulator layer is silicon oxide.
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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. 37. The nethod of claim 23, 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 filmexposed portion; the at |east one isolation device
bei ng conprised of silicon oxide. '38. The nmethod of claim 23, wherein the

first thbgkneggeinserfidddP RRAWS, Ieleh %Q%Q&coﬁﬁ%t&ﬂﬂn?ﬁa%%%s@ﬂﬁi&%@s%ss is from
about 5 to 100A. 39. The nethod of claim 23, 1ncl udlng the step of

Ki d f f
first aod i font FRE sPOR AETERTbMub LT TR ATD RSO em it or r 1 m

portion; and for second devi ce upon the at |east one exposed
senicondﬁ‘Pﬁéoﬂ?qhﬂgﬁgrtion. 40. The method of claim 23, including the step
of : unmasking the at |east one sem conductor film nasked porti on;

30. The method of claim 23, wherein the semiconductor film has a thickness of
from about 10 to 20004 and the buried insulator layer has a thickness of from about

50 to 2000A.

31.  The method of claim 23, wherein the semiconductor film is masked using a

patterned masking layer.

32. The method of claim 23, 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.

33.  The method of claim 23, wherein the semiconductor film is masked using a

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

34.  The method of claim 23, wherein the second thickness is from about 5 to

100A.

35.  The method of claim 23, including the at least one semiconductor film a
masked portion is unmasked after treatment of the at least one semiconductor film

exposed portion.
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formng a first device upon the at |east one untreated, unmasked
sem conductor filmportion; and 31 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 device being a fully-depleted
SO device. 41. The nethod of claim 23, wherein the oxidation of the at
| east one sem conductor filmbeing a wet oxidation process enploying an
H2O and 02 anbient, or a dry oxidation process enploying=an 02 anbient.
. 42. The nmethod of claim 23, wherein the oxidized portion -of the exposed

. seni condui or Fhiemethed plstaine?s.dreinding yia w¢n elolorminget ipastope istl@ioret hod of

claim23, including the step of then: a) masking at |east a portion of the
second t hieglcpesdthis drisemivdudtdor filink to segreghtedhd atrlsdst bin shresslvstamifidonduct or
filmleaving exposed a portion of the other thickness sem conductor film

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

37. . The method of claim 23, 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.

'38.  Themethod of claim 23, wherein the first thickness is from about 10 to 20001&

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

39.  Themethod of claim 23, including the step of:

unmasking the at least one semiconductor film masked portion;

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

forming a second device upon the at least one exposed semicondi;:tor film

portion.

40.  The method of claim 23, including the step 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
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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

- seniconductor film having a third thickness that is different fromthe

first and second thicknesses. 32 44. A nethod of formng a
mul tipl e-thi ckness sem conductor-on-insulator, conprising the steps of
providing a wafer; the wafer conprising a sem conductor f.i:]l moverlying a

bur ed i sl a0kl WELMELL I3 SHISH ikl SR GRRAEHRE (11

i ncluding at Teas 1 0Ns; m conduct or mw thin the
| east one of the at |east two regions to provide at |east one
seni condREEYE i1 m masked portion having a first thickness, |eaving

exposed the sem conductor filmwthin at |east one of ‘the at |east two

regi ons the firghdeviceleeing a padistlyslepletadnt @lodnyicetand the sepped forderibgag &i on havi ng
the first thickness; etching at |east a portion of the at | east one exposed
sem condiutiy-aeplkied ROl device.

41.  The method of claim 23, wherein the oxidation of the at Ieast one
semiconductor film being a wet oxidation process employing an H,0 and O, ambient,

or a dry oxidation process employing an O, ambient.

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

semtconductor film is removed using hydrofluoric acid.

43.  The method of claim 23, including the step 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 oxidizing the exposed portion of the other thickness
semiconductor film;

c) removing the partially oxidized portidn 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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portion to provide at |east one partially etched, exposed sem conduct or
filmportion; oxidizing at |least a portion of the partially etched,

- exposed sem conductor film portion to provide at l'east one partially
oxi di zed, partially etched, exposed sem conductor film portion; and
renovi 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-t hi ckness seni conductor-on-insul ator. 45. The aethod of claim 44,
wherei n tHe substshadof fermingamplsintrodi nesisrmicopductebapdBHiiR or substrate.
46. The nethod of claim44, wherein the substrate is silicon or germani um
33 --- --comprising-thestepsofi--------- -------------. --- 47. The net hod of
claim44, wherein the substrate is a silicon substrate. 48. The nethod of
claim 44, whergbvidindye Wafer;abe wafdtlcaindfising¥eemicondidtb£ M oxdigng a si | i con
nitride or alum num oxide. 49. The nethod of claim44, wherein the buried

i nsul at orpyriy %su'la‘t?or%@ér(b‘%@ﬂ%'gqeéubstrate;
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;
~ oxidizing at least a portion of the partially etched, exposed semiconductor film -
portion to provide at least one partially oxidized, partially etc¢hed, exposed
- 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.

45.  The method of claim 44, wherein the substrate is a semiconductor wafer or -

semiconductor substrate.

46. The method of claim 44, Wherein the substrate is silicon or germanium.
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50. The nethod of claim44, wherein the sem conductor filmhas a first

t hi ckness of from about 10 to 5000A and the buried insulator |ayer has a

t hi ckness of from about 50 to 10, 000A. 51. The nethod of claim44, wherein

- the.sem conductor filmhas a thickness of fromabout 10 to 2000A and the
“buried insulator |ayer has a thickness of fromabout 50 to 2000[ 52. The

nmet hod of claim44, wherein the sem conductor filmis nasked using a

patterned masking | ayer. 53. The nethod of claim44, wherein the

semi condygt or il muh S RSKGALH IR A ALLELPRG TRSK sdayer: the
patterned fmmasKing l'ayer conpri’'sed o §TPeon nitride or a silicon
nitride/silicon oxide stack. 34 54. The nethod of claim44, wherein the
sem conductor filmis masked using a patterned masking | ayer; the

patterned masking | ayer conprised of silicon nitride. 55. The nmethod of

cl ai m 44 4wherldicingthed efeclgmd4, nhexave the Yusied igsywlaiordayerds sifcormgode,

silicon nitride or aluminum oxide.
49.  The method of claim 44, wherein the buried insulator layer is silicon oxide.

50.  The method of claim 44, wherein the semiconductor film has a first thickness
of from about 10 to 5000A and'the buried insulator layer has a thickness éf from

about 50 to 10,000A.

51.  The method of claim 44, 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.

52.  The method of claim 44, wherein the semiconductor film is masked using a

patterned masking layer.
53.  The method of claim 44, 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.
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56. The nethod of claim44, wherein the second thickness is fromabout 5 to
| oot. 57. The nmethod of claim44, including the at | east one sem conduct or
filmmasked portion is unmasked after treatnment of the at |east one

sem conductor filmexposed portion. 58. The nethod of claim44, including
the step of form ng at |east one isolation device wthin the sem conductor
filmto segregate the at | east one sem conductor film masked portion from
the at | east one sem conductor film exposed portion. 59. The nethod of
claim44, including the step of formng at |east one.isolation device

wi t hi n t hé4semlbemethadon! daimm4, whewin bgsemiconducter filsaistmasked y8ng 2onduct or
film masked portion fromthe at |east one semiconductor film exposed
portion; piterad hedksig lagae thegulttatncd madiewmi deycb ebmgriedryfisilzed nifidsi | | con

oxi de. 35 60. The nmethod of claim44, wherein the first thickness is from
about 10 to 5000A and the second thickness is fromabout 5 to 500th. 61.
The nethod of claim44, wherein the first thickness is fromabout -10 to

2000A 55. The method of claim 44, wherein the second thickness is from about 5 to

5004A.

56. The method of claim 44, wherein the second thickness is from about 5 to

100A.

57.  The method of claim 44, including the at least one semiconductor film masked
portion is unmasked after treatment of the at least one semiconductor film exposed

portion.

58.  The method of claim 44, 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.

- 59.  The method of claim 44, including the step of forming at least one isolation
device within the semiconductor film to segfegate 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.
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and the second thickness is fromabout 5 to 100A. 62. The nmethod of claim
44, including the step 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 devi ce upon the
~at | east one exposed sem conductor film portion. 63. The method of claim
44, including the step of: unmasking the at | east one sem conductor film
masked portion; formng a first device upon the at |l.easts-one untreated,

unmasked go SemtrpeRIr ddifd %Efe%e%?xﬁ%ﬁﬁ@s@%ﬁ:ﬁ%ﬁﬁﬂ%%%b&%“pon the

at | east one exp sem con uctor t1on rst device being a

part ol - L EL G LIPS A6 SR OV oo bei ng 3 ul Iy depl et

61. The method of claim 44, wherein the first thickness is from about 10 to 20004

and the second thickness is from about 5 to100A.

62. = The method of claim 44, including the step 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.

63.  The method of claim 44, including the step of:

unmasking the at least one semiconductor film masked portion;

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

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

fully-depleted SOI device.
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i 64. The nethod of claim44, wherein the oxidation of the at |east one

sem conductor filmbeing a wet oxidation process or a dry oxidation
process. 65. The nethod of claim44, wherein the oxidation of the at |east
one sem conductor filmbeing a wet oxidation process enploying an H2O and
02 anbient, or a dry oxidation process enploying an 02 anbient. 66. The
met hod of claim44, wherein the oxidation of the at |east one

sem conductor filmbeing at a tenperature of from about 550 to 1100C for a
time of fromabout 10 to 4000 second 67. .The: met hod of—cl ai m 44, wherein
the oxi di $%d %%‘Fm?#‘%ifo fickpimeidn whergin e picidationief \9¢ 2t ie8%PPS r enoved usi ng

hydr of | uoric aC| d. 68. The nethod of claim44, including the steps of then:
a) maski ngemicordimbar fdmpsing Dwelgtxiddtion peegssrorn sirylonistios pracessnduct or il m
or the first thickness sem conductor filmleaving exposed a portion of the
other thickness sem conductor film b) partially etching the exposed
portion of the other thickness

65. The method of claim 44, wherein the oxidation of the at least one

semiconductor film being a wet oxidation process employing an H,O and O, ambient,

or a dry oxidation process employing an O, ambient.

66. The method of claim 44, 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

frbm about 10 to 4000 seconds.

67. The-method of claim 44, wherein the oxidized portion of the exposed

semiconductor film is removed using hydrofluoric acid.

68.  ‘The method of claim 44, 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 mé'.other
.thi.ckncss 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;




sem conductor film c) partially oxidizing the second partially etched
exposed portion of the other thickness sem conductor film 37 d) renoving
the partially oxidized portion of the other thickness sem conductor film
to forma portion of the other thickness semniconductor filmhaving a third
‘thickness that is different fromthe first and second thicknesses. 69. The
nmet hod of claim44, wherein the etching at |least a portion of the at | east
one exposed sem conductor filmportion to provide at |east- one partially

etched, exposgd sen [ 0:RQrtion utixl,izes . -asma etch process.
38 ABSTRACT DL c%%g@f%@iﬂﬂ%%e 'CES FUFREE | LI oo FI LM
THI CKNESSES A net hod of form a | tiple-thickness

seni conduct or - on- i nsgmcl)%?pgpc,tor g]%‘l to t[gurm ap%rt?on o% tﬁe other thickness

semiconductor film having a third thickness that is different from the

first and second thicknesses.
- 69.  The method of claim 44, wherein the 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 utilizes a plasma etch process.
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conprising the followng steps. A wafer is provided conprising a

sem conductor film (having at |east two regions) overlying a buried

i nsul ator |ayer overlying a substrate. The sem conductor filmw thin one
of the at least two regions is masked to provide at |east one

sem 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 film exposed portion having
the first thickness. In one enbodinent, at |east a portion of the at | east
one exposed sem conductor filmportion is oxidized to provide at |east one
partially oxidized, exposed senico ﬁ&ggc&iln1portion. Then the oxidi zed
portion of the exposed sem conduct renoved to | eave a portion of

the sem condustzancbivl-onhaME0gATER SEEON dpikd Gl §FSTH 8RR 18 ridokst
t hi ckness. (FIG 1) FILM THICKNESSES

A method of forming a multiple-thickness. semiconductor-on-insulator,
comprising the following steps. A wafer is provided comprising a semiconductor
film (having at least two regions) overlying a buried insulator layer overlying a
substrate. The semiconductor film within 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
tegions to provide at least one semiconductor film exposed portion having the first
thickness. In one 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.

(FIG. 1)
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