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 consunption. U S. Patent No. 5,952,695 to Ellis-Mnaghan et al.

di scl oses silicon-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.




I nsul at or and CMOS-on-SO double filmstructures. Electrostatic discharge
(ESD) characteristics of the SO device is inproved by having a thick
doubl e | ayer 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 sol ation by an elenent 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 fabricating sane. U S. Patent No. 6,096,584 to

El l'i s-Monaghan et al . dgaGrkeROE OFPAE I\NWERGYORF or and CMOS- on- SO
double filmfabricati on‘pT‘O‘C‘ES‘S“va'%‘H—‘*Upfa'na'r—sﬂ—rcon 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-insulator transistor. The article entitled "U tra-Thin Body

‘ PI\/DSFET' h Sel 3 |
PMOSFET vgy trrp , Sentieldesit Yor HERASdrRinfRcORHEGR REAAven ¥R E/ApAAY  ©f

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.,




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

t hi cknesses down to 4m and sel ectively deposited germani um (Ge) raised
source and drains. The article entitled " A 50nm Depl et ed- Substrate CMOS
“Transistor (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 eted-substrate 3 transistor (DST).-technol ogy wherein
depl et ed-substrate CMOS transistors were fabrircated -on t-hin silicon body
(< 30nm wth physical gate |lengths down to 50nm whi ch show st eeper

subt hreshol d sl op (< 75 decade) and i nproved DI BL 50mv/ ver
both partially- degf%'t é’a’f@(nrb% ‘&1)%5 R gnd; r%l%gﬂhbm élﬁ'tjvl
transistors. 4 SUVWARY OF THE | NVENTI ON Accordingly, it is an object of one

or nor e dndlosti resptestivélyt hesipicres-entinsilatcenthip rhavingraov iadéve layer of non-
sem conduct or-on-insulator chip with multiple sem conductor thicknesses.

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




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 with two or
nore silicon thicknesses with good uniformty and reduced defects. It is
yet anot her object of one or nore enbodi nents of the present invention to
provi de fully-depleted SO devices and partially-depleted devices on the
same substrate. It is another object of one or nore enbodi nents of the
present invention to provide thick silicon films for.the-formation of SO
diodes with large current drives. O her objects will  -appear hereinafter.
5 1t has now been di scovered that the above and ot her objects of the

present invention may be acconplished, in the foll ow nnetr. ..
Speci fi chapgistos (k) etechBpiogy swhgren s‘@ﬂq%abﬁh‘g’ﬁg?tef ﬁﬂﬁpgslér?llmﬁtﬂﬁ ¥%ri ed
i nsul ator layer overlying a substrate is provided with the sem conductor

film i ncabdicagdasn Heiasdilitosobodyi(©86nm) With physicanghie ergths dawwi toH0Rm he
| east one of the at least two regions is nmasked to provide at | east one

sem condyghig] sidv TdBReK SHbMELHAD sI0P¥s (978 nh V] 8écddd) ekAemproved DIBL (<
50mV/V) over both partially-depleted (P-D) SOI and bulk Si, for both PMOS and

NMOS transistors.




1 eavi ng exposed the sem conductor filmw thin at | east one of the at |east
two regions to provide at |east one sem conductor film exposed portion
having the first thickness. Then, in the first enbodinent, at |east a
portion of the at | east one exposed sem conductor filmportion is oxidized
to provide at | east one partially -oxidized, exposed sem conductor film
portion. Then the oxidi zed portion of the exposed sem conductor filmis
renoved to | eave a portion of the sem conductor film. havi:ng a second

t hi ckness less than the first thickness to formthe .nulti-ple-thickness

sem conductor-on-insulator. In the second enbodi ment, at |east a portion of
the at | east one exposed onductor f|In1oort|on is etched to provide
at least one partially et el NVEINEL@Nor il m portion which is
then partially oxidized to prOV|de at Ieast one partially oxidized,
partially etched, exposed sem conductor filmportion. The oxidized portion
of the partially etched, exposed sem conductor filmis renoved to | eave a

portion of the senheaRdiplp it isldOH)EM I Dnedr T8GR BhBJHifk Eﬂgs&ﬂlg??s%ggn t he

first thickness to formthe multiple-thickness sem conductor-on- | at or.
6 BRI EF ek TN EFOJH'E Eal L ‘sezll\luconductor-ommsulator chip with 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.




The present invention will be nore dearly understood fromthe follow ng
description taken in conjunction with the acconpanying drawi ngs in which
| i ke reference nunerals designate simlar or correspondi ng el enents,
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
preferred enbodi rent of the present invention. Figs..3(a):- (d)
schematically illustrate a second preferred enbodi nent -of- the present
invention. Fig. 4 schematically illustrates the formation of isolation
regions in SO sugfhrate ith nultiple silicon thicknesses. Fig. 5

schematical |y il usthas 88w heery disqavered that the akese apd tofbersobjects widheate. 7

Figs. 6 (a) - (d) schematically illustrate the use of the first or second
enbodi nerpresentfioventiommidyi be hiccdmplishezlein el dolidveingOfiainiet!| Speetfichily,

wafer comprising a semiconductor film ovetlying 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 oﬁe semiconductor film masked portion having- a first thickness,
~ leaving exposed the semi_condﬁctor 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 ieast 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 efched, exposed
semiconductor film portion. Tl;le 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.




DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT | nformati on Known to the
I nventors - 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
‘transistor and fully-depleted (FD) SO transistor. A PD-SO transistor has
a maxi num depletion width that is smaller than the body thickness, and it
therefore has a partially depleted body. PD-SO transistors have the nerit
~of being highly nmanufacturable, but they suffer fromfl.eating body
effects. Digital circuits V\:hl ch typ| cally have hi gher tol erance for
floating body effectspym 0l Q) Q E I%Efﬁ n FD-SA transistor
has -a body which is f Tepte i Homroepretion width is

| arger than its body thickness. FD SO| devi ces 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

desi gned using FDPh8Cpratent dewerittvan willi bg MBS ety nbderstdod 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,




There is a need for mxed digital and analog signal SO chips with Tregions
suited for digital circuitry and regions suited for analog circuitry.
Therefore, it i-s advantageous to provide at least two different silicon

.filmthicknesses on the silicon-on-insulator chips. Regions with very thin

silicon films may be enployed for FD-SO devices while regions while
thicker silicon films nay be used for PD-SO devices. The availability of
at least two different silicon body thicknesses also. offers increased
flexibility in circuit and device design. In addition, SO- circuits, |ike
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 'l arge anmount of current is applied to the <circuit. For
t he purpose of providing ESD protection for circuits, ESD pul ses have to

be di scharged by pBighs6 daufid) schemptiodibe fladteite ¢he use BSBhepfict extseornd chenes
need a |ow voltage turn-on and a high current drive. A large current drive
| s neededmb8diS&NAbIbENY medilkhiSki a5 S RBRHAE 0 onCinEHRR thel ore a |arge

- amount of negative or positive voltage i1s devel oped. Traditional bulk

over-vol tage 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 small current drives because the current is carried laterally and
limted by the thickness of the sem conductor 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
woul d i nprove or increase the diode current drive. Furthernore, the

t hickness differential between different regions may .be used to control

ot her aspects of active devices, such as source/drai-n dopi ng, junction
capacitance, floating body effects, switching speed, etc. It is

advant ageous to prOV|de at Ieast two different silicon film thicknesses
for the SO d28 B DESGRABEIQN: QF THE PREFERR R EMBORIMENT: ysed f or
maki ng partially- depleted SO devices, while regions with thinner silicon
filmmay be used for making fully- depleted SO devices. In addition,
thicker silicon filnms may al so be used for selected devices, such as

di odes  gffolwhiish Mrowifed Heak@intdid I QBFPHibE Ak i ckness nay be used to
increase the Tatéral junction area of diodes or |ubistors. This increase
in junction area would inprove, or increase, the current drive.

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 thickness, 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.




11 In this invention, a SO technology having different silicon thicknesses
is disclosed. This invention also teaches at |east two nethods of forming
such a silicon-on-insulator substrate. Initial Structure Common to Both
Enbodi ments - Fig. 1 Fig. 1 schematically illustrates the initial structure
common. to the first and second enbodi nents of the present invention. As
shown in Fig. 1, an sem conductor-on-insulator (SO) 19 is forned over
structure 10. SO 19 includes an overlying sem conductor film 14 and a
buried insulator layer 12. The sem conductor film 14 nay-be any el enent al
sem conductor such as silicon and germanium any alloy sem conductor such

as silicon-ger mnifhfe s nd . ' L Or .- L:ndi

phosphi de and gal I'i umleslrsgnlg%efspﬂpgé@%éﬁg{?pe%?:%%&gr%@g@n@eﬁfﬁpﬁgﬁm
sem conductor f.ilm14.i.s . siligcon. Buried insylator layer 12 is preferably
silicon rS%OB%,Smkﬁ‘ﬁoﬁéﬁlﬁ CUGHSTY %%(greﬁowﬁeasfm apalpg SiTEWSYs  silicon
nitride and al um num oxide.. Structure 10 is preferably a sem conduct or

waf er or substrate and is preferably silicon or germaniumand i s nore
preferably silicon.

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




12 Silicon film 14 has a thickness tsi of preferably fromabout 10 to 5000A
and nore preferably fromabout 10 to 2000A. Buried silicon oxide |ayer 12
has a thickness of preferably from about 50 to 10, 000A and nore preferably
fromabout 50 to 2000 A. First Enbodinment - Figs. 2(a) - (d) Figs. 2(a) -
(d) schematically illustrate a first preferred enbodi nent of the present

i nvention. In the first preferred enbodi nent, at |east one portion (wthin
region 26) of the silicon film1l4 is selectlvely t hi nned t0 a second

thi ckness ts2, using an oxidation process, while masking-at |east one

ot her portion(s) (within region 28), leaving it/themat the original

t hi cknessf the iSOIIsBieat baler BRHQS Sco%@en@@nal 2Hod&Vra Eﬁé&@& %Fglgv?&k@ﬂ the

t hi nni ng process(es) (see Fig. 4)". "Sel ective Nasking - shown

in Fig. i ncl des at, .l east 26,..28. The. silicon
filmi1l4 W f%tl r(ligc?ﬁ%%%: ¢ Sty Sﬂ?eggmggﬂ]fﬂmﬁg@?\éﬁd(@ the t?\k“’!‘ﬁ?“f? c?fegl on
28 as shown in Fig. 2) leaving at |east one regi on unmasked (e.g. region
26 as s wewcondlg:wlz(@qtennhs uss § dhigkerf eflisbhythidkmess gaaly die sised don
nitride (SisN4), and is nore '
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




preferably conprised of a silicon nitride |ayer overlying a silicon oxide

| ayer. The 13 nmask 15 may al so be conprised of commbn masking nmaterials

. known and used in the art. Mask 15 may be forned by the oxidation of the

silicon layer 14 using a 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 anmopnia as precursor gases.

Li t hography and reactive ion etching nmay be used to pattern the mask 15 to

give the structure as shown in Fig. 2(a). Selective Thinnitnhg of Silicon

Film14 - Fig 2(b) As shown in Fig. 2(b), the silicon film14 wthin the at

| east_one T edi on 1RGhishAbedort ATONBChndiSe f kRARGIifBreRs SAEOA thitRhGaeSS
y an Oxi dati on process suc

ts2. The thinning process 17 Is prefera as:

preseur o BRIOGE NP HRERERTE Wl AL ol R et Sl bR

at nospherj c pressure to convert a portion of the unmasked silicon film
wi t hi n ralisesnoninsudatar sebstede oxi de | ayer portion 27'. The thickness
uniformty is better than 2% after the thickness reduction.

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




The wet oxidation process may be conducted at a tenperature: preferably
fromabout 550 to 1100C, and 14 a tine: 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 from about 10
to 4000 seconds. Renobval of Silicon Oxide Layer 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 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. ReanaI of Mask 15 As

shown in Fi 2 d e e rem)

parti al l y tﬁl nn(ed S|CI6| éfgfr?ﬁ*'% %gbﬂgﬁé{;ﬁg,ﬁ%@%gﬁfga B‘ét ﬁ g)r%pgﬁ
necessar The e d portion of the S|I|conf|Im14' W|th|nthe at Ieast
one regiB B¢ ?f‘?xf’p ’@i’g)f £1omy abeus 18 or 200RAa Buriedt sikicon pxidenlager 12 hasfa about

10 to 5000A and .
thickness of preferably from about 50 to 10,000A and more 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




15 nore preferably fromabout 10 to 1000A so that the its final thinned

t hi ckness ts2-.of preferably fromabout 5 to 500A and nore preferably from
about 5 to 100A. Wiile Fig. 2(d) illustrates an SO having a silicon film
14" having two different thicknesses tsi, tsz; one skilled in the art can
appreci ate that the above steps may be repeated in a manner to forman SO
having three or nore thicknesses of silicon film14'. That is, for
exanple, two or nore regions 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

within a ' | | L ning at .l east. q mask over at. | east
por i on_ SFoFaa ey fRe 1 HihbsdPL Wi RtepE FoUmRa8 Ko Y pafLin | a

t hi cknes raLio bet ween thinned 26 and non-thinned regions 28 is

preferab ¥Fom about 5 to 80% Renpval of Mask(s) 15 and Formati on of

| sol ati on Regions 20, 22, 24 - Fig. 4 As shown in Fig.2(c) of the first
enbodi ment and 3(c) of the second enbodinent, the silicon oxide is.
renoved using dilute hydrofluoric acid, such as that prepared by mxing 1

part of concentratasi #9¥ayhe Mrikd 3y e bkfla®on Bt sRGh Tayer 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




The etch rate is about 100 angstrons per mnute for thermally grown silicon
oxide. 16 Any renmaining nmasks 15 are renoved fromover partially thinned
silicon film14'" and the structure nay be cl eaned as necessary. Second
Enbodi ment - Figs. 3(a) - (d) Figs. 3(a) - (d) schematically illustrate the
second enbodi nent -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. Selective Masking - Fig. 3(a) As shown in Fig. 3¢a), SO 19
includes at |east two regions 26, 28. The silixcon filma4 within one or
nore of regions 26, 28 is nmasked (e:g. within region 28 as shown in Fig.

2) leaving at | easftpReof SSERRL rfp%ﬁ ' 6 as shown in Fig.
2). Mask 15 is preferabl Jﬁ%onprlyse gggg%??gjo%doﬁ%%‘%}ld%'(ﬂ 3N4), and is nore
preferably conprised of a silicon nitride |ayer overlying a silicon oxide
| ayer. The nmask 15 may al so be conprised of comon masking materials known

and used in the art Mask 15 may be formed by the oxidation of the silicon
| ayer 14 usi ﬁgl%dw oxidation process may be conducted at:

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
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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 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 .proecess 17' nay be
perfornmed by a plasma etch process known and used in the art. For exanple,

reactive ion etchi,ng (RIE) usin orine-based. chem st . b ed to
etch si m%mregﬂﬁgﬂaﬁmwagﬁﬁﬁ@@? aﬂﬁdnﬁya? g@%ﬁ%%%&‘@%@rﬁ@@%?&%et ween
900 and 1200 degrees Cel sius. -The oxidation process may be a dry or wet
" oxi dat i pmefefdhdy Goointlabiwrd tochfér antdimorapyeferabhpfromratfost 80 109Aom 550 to
1100C, and the oxidation tine nay range preferably fromabout 10 to 4000
seconds. As shown in Fig. 3(b), the exposed, etched portion of silicon film
14" is
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 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 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 maijntaining at least one mask over at least 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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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 |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 film 14" within=region 26 to

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

di lute hydrofluoric acid, such as that prepared b 1 Xin .part. of
concent réﬂ)édel(‘ﬂg%lg mpaskstls ans rﬁﬁ}(’t@g?\'m%d?‘@r W@ﬂﬁ%né‘?aﬁﬁf‘g‘f‘mf%bout
100A per mnute for thermally grown silicon oxide. Renoval of Mask 15 As
shown i rarfd the sBisdiureanyy benkeanedas naskdasy. 15 i s/are renoved from over
partially thinned silicon film 14" and the structure may be cl eaned as

necessary. Formation of Isolation Regions in Sol Substrate 19 Having
~Miltipte Silicon Layer

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 lee;St 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. Ther
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
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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 film14'/14" may then be patterned and i sol ation
devices 20, 22, 24 are fornmed between each region 26, 28 and segregating
the partially thinned silicon film14'/14" into thinner silicon film
portions 16 and thicker silicon filmportions 18. |solation regions 20,

22, 24 may be shallow trench isolation (STI) and are-preferably conprised
of silicon oxide. Formation of Devices 30,32 - *Fig. -5 As-shown in Fig. 5,
respecti ve devices 30, 32 may then be formed over the different thickness

~silicon {ilm.portj ; Ak § N Melcky : ioR %R sBane and
fully- deépelpggle]ggﬁa% fgﬂ}lgoéfq*l é%%@?%}ggg?%t or ?gip%ﬁsl eggg)lfi:l grﬁmad gveeurle t hi nned
silicon filmportion 16 wthin region 26 and.a partjally-deplete a
transi stBRMARIR AFPTEHISRE §a8RFe LHS chply Andreariive B ¢ %’6’? ﬁvgnusgg té’:'vi t hin
region 28. 20 )
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 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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O her devices may al so be forned upon the silicon filmportions 16,18,
such as N-channel devices, diode devices or |ubistors. Fully-depleted SO
devices are preferably formed within the thinned silicon filmportion 16
and partially- depleted SO devices are fornmed within the thicker silicon
filmportion 18 such as transistors, body-contact devices and di odes. 21
Sanmple gs. 6(a) - (d) Illustrating Formation of Miltipl e-Thi ckness

Semi conductor  Film Layer Portions As shown in Figs. .6(a)«=- (d),

mul ti pl e-t hi ckness sem conductor film |ayer 14"' porti-ons within regions
100, 102, 104, 106 may be fornmed in accordance wth either the first or
second enbadi nents, o he present invention having ..respegtive thicknesses
Tt s an 08 ament B AmPaEheti: Prestiifo fb colvER bR HEE e 1ime Rt G nce
with the disclosure/teachings herein. Advantages of the Present Invention
The advaartialysetehedsiticon filnrld' within regiam 2646 atgilicosy @ddadayen poriena7".
include: 1. a new nethod to obtain silicon-on-insulator substrates with
nul tipl @he 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

19




silicon thicknesses; 2. For the first enbodi nent: the use of oxidation of
silicon to reduce the thickness of silicon in selected 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 thickness in selected regions of SO
substrate. 22 Wile particular enbodi nents of the present invention have
‘been illustrated and described, it is not intended to limit the invention,
except as defined by the followng clains. 23:CLAIM5S We-<claim: 1. A
.method of formng a multiple-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

substrat e; . . ) .
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 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.
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t he 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

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; oxidizing at | east 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 renoving
.the oxidized portion of the exposed sem conductor filmto |eave a portion

hi ckness 1 8"?3‘#"% 4 aé‘f‘%%%%‘e??’ﬁ%cﬁi’%géiﬁﬁoﬁﬁﬁﬁﬁ@ F R rAgaraters

wher ei n t‘&ﬂi‘e &ﬁcil i ckness is from about tol OOA. 24 2. The nethod of
claim 1, fFehNnchapaek daeicesnidiode dgvicess é%‘é!ﬁ’@@-‘%rF%‘r-@?P]G?ed 8@hiewisgict or

substrate 3. The nmethod of claim1l, wherein the substrate is silicon or
ger mani uate preferably hetniwet withial tienthinnevheflizon file sotishr B4 @ndSpﬂ‘tﬁﬂjﬂ con

substrate.
depleted SOI devices are formed within the thicker silicon film portion 18 such as

transistors, body-contact devices and diodes.




5. The method 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 sem conductor filmhas a first thickness of fromabout 10 to
SODOM and the buried insulator |ayer has a thickness of fromabout 50 to
10, 000A. 8. The nethod of claim1l, wherein the sem conductor filmhas a
first thickness of fromabout 10 to 2000A and the buried-insul ator |ayer
has a thickness of fromabout 50 to 20.00k 25 9. The nethod of claim 1,
wherein the sem conduct or f|In1|s masked using a patterned masking |ayer.
10. Theghg . YChok . fil |s na k% using a
pat t er N0 TTES KT Pter-fed fra i Ll i con
nitride ﬁr E si.licon nltrlde/5|I|con OXIde stack. 11. The nethod of claim
1, wher L ductor filmis masked using a patterned masking

| ayer; the patterned nmasking |ayer conprised of silicon nitride.

(a8

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—omir-lsulator 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 proceés; and

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

reduce silicon thickness in selected regions of SOI substrate.




12. The method of claim1l, including the at | east one sem conductor film
masked portion is unnasked after treatnent of the at | east one

sem conductor filmexposed portion. 13. The nethod of claim1, including
the step of form.ng at | east one isolation device within the sem conductor
filmto segregate the at | east one sem conductor film masked portion from
the at | east one sem conductor film exposed portion. 14. The nethod of
claim1, including the step of form ng at |east one i.sol ation device
within the sem conductor filmto segregate the-at |east--one seni conduct or
film masked portion fromthe at |east one sem conductor film exposed

portion; the at Lsol ati deV| bei n rised of silicon

oxi de. 26 15. The@%gaﬂﬁm?ﬁ F}tlﬁ %lmﬁ?l r #‘ec WégSFPF g‘B"‘f‘FﬁQﬂ( ¥e heent rom
about - 10 to 5000A. _16. The method of claim 1, wherein the first thickness
is fromiistiated and desaiimd, itiy notintended tuilintit ednverttior, esteptiasglefined st ep
of . unmasking the at | east one sem conductor film masked portion; formng
a first bsiehe fidlowging cldimsat | east one untreated, unmasked sem conductor
filmportion; and
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form ng a second device upon the at | east one exposed sem conductor film
portion. 18. The nethod of claiml; including the step of unmasking the at
| east one sem conductor filmmasked portion; formng a first device upon
the at | east one untreated, unnmasked 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. 19 The nethod of claim
1, wherein the oxidation of the at |east one sem conductor filmbeing a

wet oxidation processor a dry oxi @giAes process. 27 20.7 The met hod of
claim1, wherein the oxidation of the at |east one' sem conductor film
bei ng a wet oxidation process enploying an H20 and 02 anbient, or a dry
oxi dation process enploying an 02 anbient. 21. The method of claiml,
wher ei n_‘ﬁgaa%ldi zed portion of the exposed

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 '_th_e oxidized portion of the éxposed semiconductor ﬁlﬁ;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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sem conductor filmis renoved using hydrofluoric acid. 22. The nethod of
claim1, including the step of then: a) nmasking at |east a portion of the
second t hickness sem conductor film or the first thickness sem conduct or
filmleaving exposed, a portion of the other thickness sem conductor film
b) partially oxidizing the exposed portion of the other thickness

- sem conductor film, c) renmoving the partially oxidized portion of the

ot her thickness sem conductor filmto forma portion of the other

t hi ckness sem conductor film having a third thickness that is different

fromtheyfir Sﬁ"h@ﬂf&ﬂﬁ)ﬁ%%#hw GHBRAPHS sub fe £ aehbedatdod 9k

mul tipl e- th| ckness semc uétor-on-1nsulator, ~conprising i'%I'%e steps of
provi di ng Wa(%ﬂ; fer conprising a sem conductor filmoverlying a
buri ed i%?ﬂpgf LF&?%imggerlying a substrate; the seniconductor film
including at | east two regions; masking the sem conductor filmwthin the

| east one of the at l-east two regions to provide at |east one
sem conductor film masked portion having a first thickness

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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28 of from about 10 to 5000A, |eaving exposed the sem conductor filmwthin
at least one of the at least two regions to provide at |east one

sem conductor filmexposed portion having the first thickness; 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, wherein the oxidation of the at | east one sem conductor film
being a wet oxidation process or a dry oxidation process; and renoving the
oxi di zed portion of the exposed sem conductor filmto leave a portion of

't he seni @ondudhemethddnilviannny whersr Sredemidopknetgsiioh isfmakedbsing a5 t o 500A
to formthe multiple-thickness sem conductor-on-insulator. 24. The net hod

of cl ai mpaternadh@biing laher. substrate is a sem conductor wafer or

sem conduct or substrate. 25. The nethod of claim 23, wherein the substrate
is silicon or germanium 26. The nethod of claim 23, wherein the substrate
is a silicon substrate. 27. The nethod of claim 23, wherein the buried

i nsul at o If10.| Y Ghe i11§etf§oid| df%?anq)f .Wi!l%fein ﬁ'xielsier%‘i)&nﬂlilét&i' Hffn %rm%lk%-ﬁﬂg]am(i de.
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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28. The nmethod of claim 23, wherein the buried insulator layer is silicon
oxide. = 29 29. The nmethod of claim 23, wherein the sem conductor filmhas a
first thickness of fromabout 10 to 5000A and the buried insulator |ayer
has a thickness of from about 50 to 10, 000A. 30. The nethod of claim 23,
wherein the sem conductor filmhas a thickness of fromabout 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 layer. 32. The nethod of claim 23, wherei n the

sem condygt or Thi bl JTREREC, YRieRdn he RAL HEHREE TR Mshok 2485 5000

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

patterned masking |ayer erprl ed .of s nitride. = 34._ Th t hod of
claim 23?6\AhefIEFﬁwﬂFﬂéi%fé cqin et ﬁ!“rf]@ﬁ?salﬁéﬁﬂ“%b% 101, ¢R00A.

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:-

unnrasking the at least one semiconductor film masked portion;

: forming-a. first device upon the at least one untreated, 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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35. The nethod of claim 23, including the at | east one sem conductor filma
masked portion is unmasked after treatnent of the at |east one
sem conductor film exposed portion. 30 36. The nmethod 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 nasked
portion fromthe at |east one sem conductor film exposed portion. 37. The
met hod of claim 23, including the step of form ng at | east one isolation
device within the sem conductor filmto segregate the at Teast one
seni condé@t or mﬂmhqmmnﬂomhemnmmldﬁwnatfthmée%bw sem conductor film
exposed portion; the at |[east one isolation device being conprised of
silicon sefiidendica filfiteings wetloxiflatidroprovdds emphSirg] dh HYE ahd O tmbléhgkness is
~ fromabout 10 to 2000$ and the second thickness Is fromabout 5 to 100A.
39. The OEA B8b3datioh PréBedPemp %.]é[d{;:r@ , ddiGieat €p of unmasking the at |east.
one sem conductor fil'm maske:i portion; formng a first device upon the at
least one untreated, unmasked semi conduct or filmportion;, and

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

semiconductor film is removed using hydrofluoric acid.

22,  The m‘e_thod-‘of claim 1, inciuding the step of tilen: |
ay _masking:-.at ieast a poftion of the second thickness senﬁcqﬁduétor film
O;‘ fhe.- first thickness s’eniicon&ﬂct@r film 1eayihg .e}iposed. a portion of the other.
thicknéss Semicondﬁc'tor- ﬁlm, :

b) ‘ parﬁally 0x1dlzmg the exposed portlon of the other thlokness
semlconductor ﬁlm : : I ' -

c) | removing th;é pamally oxidized portion of the ‘othrer thickness

| ~s‘etr_1ioonéuctof film to-form a thtioﬁ of the other thickness semiconductor film-

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

23 A mctho.d of fonnihg a'l-n.ultiple-thicknéss semiconductor-on-insulator,
| mﬁpﬂsing the steps of:
providing a wafer; thie wafer comprising a semiconductor film overlying a
buned i_:isﬁlatq: layer oilerlyixi.g a substrate; |
o the semiconduetor film including at least two regions;
B | . :. ' maskmg ltzl_le_.sg_:m'if:onductdr f_ihn w1th1n the least one of the at least two reg.ioﬂs.
o to provi_de at least qﬂe'sér;ﬁcqnductor ﬁ}m : ﬁ_aasked portion having a first thickness




form ng a second device upon the at | east one exposed sem conductor film
portion. 40. The nethod of claim 23, including the step of: unmasking the
at | east one sem conductor filmmasked portion; formng a first device
upon the at | east one untreated, unmasked sem conductor film portion; and
31 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. 41.:The nethod of claim

23, wher ebffréhabontifabison0hf 1etVigg akpdsadfie seMecondFbEAMIWEthaT atflédsm bei ng a
wet oxi dation process enploying an H2O and 02 anbient, or. a dry oxidation

process efpl @¥hdg I?z[}»{t ﬁogo R p-rﬁ% pro¥ide a-ﬁ%éﬂ%%e%‘régﬁjﬁndﬁ&tﬂf Hhﬁ%:&%%@& rein the

oxi di zed portion o osed” semi con filmis reno usi ng
hydr of | uoﬁdrﬁo@ﬁévqﬁgﬁm%‘ﬁr;;rtqﬁicﬁgés@?d of claim 23, including the step of then:

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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a) masking at |east a portion of the second thickness sem conductor film
or- the first thickness sem conductor filmleaving exposed a portion of the
ot her thickness sem conductor film b) partially oxidizing the exposed
portion of the other thickness sem conductor film c) renoving the
partially oxidized portion of the other thickness sem conductor filmto
forma portion of the other thickness sem conductor film having a third
thi ckness that is different fromthe first and second thieknesses. 32 44.

A nethod)of T qhEnghdY Médnpi?,e %@eﬁ#&%%&nﬁ:%ﬂhﬁ&&%ﬁ{ R Ot (Rt @01

conprising the steps of providing a wafer; the wafer conprising a

e Oy b P RS R  ABEBYLYTY. % ek ng

t he sem cond or. flb within the | east one of the at least two regions to
provi de ﬁ]i’oqtg‘é 1808 g]em conductor film masked portion having a first

t hi ckness, | eaving exposed the sem conductor filmw thin at |east one of
the at |east two regi ons

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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to provide at | east one sem conductor film exposed portion having the first
t hi ckness; etching at |l east a portion of the at |east one exposed
sem conductor film portion to provide at |east one partially etched, -
exposed sem conductor filmportion; oxidizing at |east a portion of the
partially etched, exposed sem conductor film portion to provide at |east
one partially oxidized, partially etched, exposed sem conductor film
portion; and renoving the oxidized portion of the partially etched, exposed
. sem conductor filmto |leave a portion of the sem conduetor film having a

- second t Hibcknebhs methed ohelam 2hdnglpdisg thesterkelcloeming af lnah qngdsolation
mul ti pl e-t hi ckness sem conductor-on-insulator. 45. The nethod of claim 44,
wher ei n tdeeicswitiin thcaeicoadsator flon thuepmratsdheat least osesandordinctosfilmubst r at e.
46. The nethod of claim 44, wherein the substrate is silicon or germani um

33 --- - -masked portion from the-at teastonesemiconductor film exposed péttion.The met hod of
claim44, wherein the substrate is a silicon substrate. 48. The nethod of

claim 44, wherein the buried insulator layer is silicon oxide, silicon
nitride or alum num oxi de.

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 upon the at least one untreated, unmasked

semiconductor film portion; and

forming a second device upon the at least one exposed semiconductor 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

31




49. The nethod of claim44, wherein the buried insulatorrlayer is silicon
oxi de. 50. The nethod of claim44, wherein the sem conductor filmhas a
first thickness of fromabout 10 to 5000A and the buried insulator |ayer

-~ has a thickness of from about 50 to 10, 000A. 51. The net hod of cl ai m 44,

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 nethod of claim44, wherein the sem conductor. .filmis masked using

a patterned fgﬁﬂﬂ%%%eé&}ée ev(if%;jﬁ%m;l; Ql?e a{ﬁ%elagf gneoéxggg%ésg&lﬁ%ﬁ f fok (ﬁllfﬂ t he

sem conduct or I's maske g a ern [ ayer; the

patterned nasking | ayer conprised of silicon nitride or a silicon

nitride/RA9%on oxi de stack. 34 54. The method of claim 44, wherein the

sem conductor filmis masked using a patterned nasking | ayer; the

pat t er netie fisst Kevige beipee p@@@ﬁﬁdgpl@tqﬁfsghpdqvwrﬁndither jegend degee giee et hod of

claim44, wherein the second thickness is fromabout 5 to 500A.
fully-depleted SOI 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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56. The nethod of claim44, wherein the second thickness is fromabout 5 to
|l oot. 57. The method of claim44, including the at | east one sem conduct or
filmnmasked 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. TFhe nethod of
claim44, including the step of fornm ng at |east one-iselation device

wi thin t H& sent s¥tescefdprming multipls, £ sepicopductagep-isglateeni conduct or
film msked portion fromthe at |east one sem conductor film exposed
portion; cohprisingltbasteps ene i sol ati on device being conprised of silicon

oxi de. 35 60. The nethod of claim44, wherein the first thickness is from

about 10 to 5Q000Adingwifee theeand cofipfiking aSeintcohdGioahipnbvélytin: 500t h. 61.
The nethod of claim44, wherein the first thickness is fromabout 10 to

2000A a%ﬁeﬁ%sﬁﬁ&é}ﬁgy&%ﬁﬁﬁﬁé%sﬁs&a&&m about 5 to 100A.

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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62. The nethod of claim44, 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 device upon the at |east one exposed sem conductor film portion.

" 63. The nethod of claim44, 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 film portiony and form ng a

'second ‘deyi ce le ] ictar=film portion;
the fi rs?l Wdevijglg(}%eé%&r}gog&%%}?%gq%ggﬁ%}%gﬁgga%gg ééggoglt{%i)%%%ét he second
device being a fully-depleted SO device. 36 i 64. The nethod of claim 44,

wherein the oxidation of the at | east one

48.  The method of claim 44, wherein the buried insulator layer is silicon oxide,

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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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 H20 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 fromabout 550 to 1100C for a
time of fromabout 10 to 4000 seconds. 67. The nethod. of .l ai m 44, wherein
t he oxidi zed portion of the exposed sem conductor film-is renpved using
hydr of | uoftc adhemeg®d ofiedaimeddn vdiersin besemicpndugtociiismaskpdugegps of t hen:
‘a) masking at least a portion of the second thickness semiconductor film
or the fi psttertdui okskigslagenyileguttagicd mabkinmidwavomgrisedpdsditoa nfidde.i on of the
ot her thickness sem conductor film b) partially etching the exposed
portion of the other thickness sem conductor film c) partially oxidizing
the second partially etched exposed portion of the other thickness

sem condugj or *l‘hé Hethod 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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37 d) renoving the partially oxidized portion of the other thickness

sem conductor filmto forma portion of the other thickness sem conductor

filmhaving a third thickness that is different fromthe first and second

t hi cknesses. 69. The nethod of claim44, wherein the etching at | east a

~portion of the at |east one exposed semiconductor filmportion to provide
at |least one partially etched, exposed sem conductor film portion utilizes

a plasma etch process. 38 ABSTRACT SILICON-ON-1 NSULATOR JLSI DEVI CES W TH

VLTI PLEGS LI Giblofhdd 4 SNBSS S o R 1 Rfnds LA BT bGuS hi cness

sem conduct or-on-1 nsul ator, ¢onprising oW ng st eps. er is
provi ded_c risi a, sem conductar. . fi (having at |east two regions)
over | yi namg{ﬂ%&?‘foé@qp]ﬁgﬁefsﬁfso 01}1@@%1& 50R9§Pb fng a substrate. The

sem conductor filmw thin one of the at least two regions is masked to

provi de at | east one sem conductor filmmasked portion having a first

t hi ckness, _
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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| eavi ng 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 sem conductor film portion. Then the
oxi di zed portion of the exposed sem conductor filmis renoved to | eave a
portion of the sem conductor f|In1haV|ng a second thickness | ess than the

first thi cknes Fl 1
%‘he n’fethod of clalm 44, wherein the oxidation of the at ieast one

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

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;




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.
- 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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