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m|itary repl dctak iaQasice or drain typically depends on the respective applied voltages and the type of

20 device being made. The collective term source/drain region is used herein to generally describe an
active region used for the formation of either a source or drain.

As an alterpative to forming a MOS device on a bulk semiconductor substrate, the

semiconductor layer can be formed on an insulating substrate, or over an insulation layer formed in

a semiconductor substrate. This technology is referred to as Silicon-on-Insulator (SOI) technology.

25  Silicon on insulator materials offer potential advantages over bulk materials for the fabrication of

high performance integrated circuits. For example dielectric isolation and reduction of parasitic

capacitance improve circuit performance. Compared to bulk circuits, SOI is more resistant to

radiation. For example, silicon-on-sapphire (SOS) technology has been successfully used for years

to fabricate radiation-hardened complimentary MOS (CMOS) circuits for military applications.

30 Circuit layout in SOI can also be greatly simplified and packing density greatly increased if the

devices are made without body contacts in which the body regions of these devices are "floating".
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dopants, which likely have different diffusion characteristics, the temperature/time profile for at

least one of the NMOS or PMOS transistors will not be optimized.
Another consideration when forming transistors on a SOI structure is the formation of bbth .

25 fully depleted and partially depleted transistors. In a fully depleted transistor, the source/drain

regions extend all the way through the silicon layer to the insulator, and in a partially depleted

transistor, the source/drain regions extend partially through the silicon layer. One difference

between a partially depleted transistor and fully depleted transistor is that the threshold voltage to

obtain a drive or on current through a fully depleted transistor is lower than the threshold voltage for
30 a partially depleted transistor. Accordingly, a need exists for an improved method of forming

devices on an SOI structure that allows for improved performance, minimization of floating body

effects, and allows for separate optimization of separate transistors formed on the SOI structure.
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second transistor can be a partially depleted transistor. Also, the first transistor can include

source/drain regions formed with a first dopant and the second transistor can include source/drain
25  regions formed with a second dopant, and the diffusivity of the second dopant into silicon is greater
than the diffusivity of the first dopant into silicon.

In another embodiment of the present invention, a semiconductor device is provided. The
semiconductor device includes an insulating layer and a silicon semiconductor layer over the
insulating layer. The silicon layer includes a first portion and a second portion, and a thickness of

30 the second portion is greater than a thickness of the first portion.

Additional advantages of the present invention will become readily apparent to those skilled
in this art from the following detailed description, wherein only the preferred embodiment of the
present invention is shown and described, simply by way of illustration of the best mode

contemplated for carrying out the present invention. As will be realized, the present invention is
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DETAILED DESCRIPTION OF THE INVENTION

The present invention improves performance, reduces floating body effects, and allows for
separate optimization of separate transistors formed on an SOI structure. This is achieved, in part,
20 by providing a semiconductor device having different portions, with each portion having a silicon
semiconductor layer of the SOI structure, and a thickness of one portion of the silicon layer differing
from another portion of the silicon layer. In so doing, the thickness of each portion of the silicon
layer can be optimized depending upon factors, such as whether a transistor formed on the SOI
structure is to be partially or fully depleted and the diffusion characteristics of the dopants used to

25 form the transistors.
Embodiments of the present invention are illustrated in Figs. 1-5. Figs. 1A and 2A illustrate
a conventional SOI structure. The SOI structure includes a silicon semiconductor layer 14 above an
insulator layer 12. The SOI structure is then positioned over a substrate 10. The invention is not
Jimited as to the manner in which the SOI structure is formed. For example, one method of forming
30 an SOI structure involves implanting heavy doses of oxygen into the substrate 10. The substrate 10
is then subjected to an annealing process, which forms a silicon oxide insulator layer 12 and the
silicon layer 14 above the insulator layer 12. Another method of forming an SOI structure includes

a technique termed wafer bonding in which the SOI structure is bonded onto a substrate 10. The

4
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portions of the silicon layer 14 having a modified thickness. An etch, typically anisotropic, although

not limited in this manner, is then applied to remove a certain thickness of the exposed portions of

25 the silicon layer 14.

In Fig. 1D, the remaining photoresist 22 is removed, and a semiconductor device precursor

having different portions with a silicon layer 14 of different respective thicknesses is provided.

Once the photoresist 22 is removed, as shown in Fig. 3, isolation features 18 can be provided in the

silicon layer 14. The invention, however, is not limited in the manner in which the isolation features

30 18 are formed. For example, a shallow isolation trench can be formed by etching either isotropically

with wet techniques or anisotropically with dry etch techniques. An oxide is thereafter deposited

within the trench. As an alternative to the shallow isolation trench, a field oxide can be formed. A

field oxide is typically formed via thermal oxidation in an oxygen-steam ambient at temperatures

from about 850 to 1050°C. A patterned, oxidation-resistant mask can be used to prevent oxidation
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2 is renoved as. shown in
Fig. 3, lapollat Apiluftexdin Eig. 2_18, th@ﬁolbt@nﬁmwajb?cm formerein thy o0 YPRlfeit®,  The

| nventi op, §c61binggbo%r %nv@rg&onr_l‘s bt ﬁgltédqnttﬁ@m%ﬁpﬁf whiBh YR i§dlatfol Gedns®d &8 hen

features are or exanple, a shallow isolation trench can be
formed biprmeddchi ng either isotropically wth wet techniques or
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Wi thih the trénch

efnative to the shallow isolation trench,  a
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After formati Bn tform:ﬂ%n OF%LE %agﬁ(f g 20! ahﬁno@a‘ It %?13&@%‘&%%&&! fkkk IK o0 In

technlques OrIC aCI a silicon nitri mask or
buf f a6 edFlgmmrmer ﬂ>hsmmscst aistkoivel iradiates igike arr@t@r@hﬂmlgfa@hlﬁ AYSiSPe |89°h a3 step

iIlustrated tn, Fi &S «53%;(:%15)1’1 s%ﬁ&n' HOhA %ﬁ ngtrafvﬁ)?ert Qfgﬁtsfrgn% £ Fdey-Tporegnaf or e

5 the thitxisBeY °BFC aln rti'ons o e silicon layer 14 are nodif| ed.
Furt her nplbjeptediﬁlraigh@ firkt| retécller atdeedfocusnlgliﬁrgsto obtan 2Sirstmage ppttsis KIE RAOBESFHr med

over the,s %her?l’é e?(%g(é a]n[ﬂ th iR i d“%cﬁ{u?rg'd’f‘gh&‘})h&t&@s@izﬂ £0NemdvH Qb phékideAS
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mask med over t icon |ayer 14, and the invention is not
portions of the silicon layer 14 to be modified.

After portions of the mask layer 20 have been removed, the exposed portions of the silicon
layer 14 are partially removed, and the invention is not limited in the manner in which the exposed
portions of the silicon layer 14 are partially removed. For example, the exposed portions of the

25  silicon layer 14 can be partially removed using an etch, such as an anisotropic etch. The amount of
the exposed portions of the silicon layer 14 being removed can be determined, for example, by
subjecting the exposed portions of the silicon layer 14 to the etch for a given time, as the removal
rate of silicon for a given etchant is known. Another example of partially removing exposed
portions of the silicon layer 14 involves oxidizing the exposed portions of the silicon layer 14 to

30 form silicon oxide. The silicon oxide can then be removed leaving only the silicon layer 14. An
advantage of using this process is that the consumption of silicon to form silicon oxide can be very
closely controlled, and this allows for precise control of the partial removal of the exposed portions

of the silicon layer 14.



limted as to a particular mask |ayer 20. For exanple, the mask | ayer 20
can be fornmed froman anti- reflective film which can be advant ageously
used duriwg oBiosmed i ne patterning. In a current aspect, treTnmek4110yer 20
is formed fromsilicon nitride. Upon formation of the mask |ayer 20, a
photoresist 22 is formed over the mask |ayer 20. In 15 Fig. 2D, the
photoresist 22 is selectively irradiated using agBhotolltho raphlc(gy tem
such as a st & illawdteddpdiag. 3opftirdhg femaélf%clflil%ﬂa@? SRy PhfOsRHF R 18 IPPAGT ol et
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devel opexifh ald poitien heviaglpatlison et 1owih efthicknessothet Gfersiftom sgother &°1tighp¥ed to
provi de | 22 thd BB cOPBRr N9 S L56RR SR JPed, LA Ss, Of
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et chant Q e thlih Y SEEHR \HoRn X RRS@ehicoR@icidrons

of the §#ﬁﬂ%@ﬁ¥mm3ﬁﬁg Q3%ﬁ§% gﬁé? &Réﬁg§ﬁggf#ésexpo§gd portions of the
silicon demiger 14 to 30 formsilicon oxide. The silicon oxide can then be
removed | eavi g, 0 E e tBfeiSh teaﬁpers] 1%% éﬂﬁf e, ieoveANand 36 BRGR isQfot HpltdithskdirR
process is that The Gonsu Ion o icon to formsilicon oxide can be
very 15 ¢l mamkyinodridir the ﬁsetdmolafeatuwall§ agd femoredf dior prasples hecigmigtiop|feagres Hecan
partial yenova r e Shadr0 R ih e - is ot
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| ayer 20feancs pRateofoesédst BY Zem@vm&ﬂmw@tlom @aﬁgest hsc il *‘H’l‘fé@ IRis6 WhH DEBYEEH 3’§e
skilled Is&aﬂonefea%urgs lga‘caﬁﬁglr&%guﬁuﬂﬁg fli)?ﬂﬂétfo?l A iatfbh el B&NES, BR liicOMByer Wi th
each porﬁlon havi con 1 ayer thi ckness that differs from
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alt hough no i'S nmanner, can ornmed in the silicon | ayer 14,
as il | usmoeihg theiispldEiog feaqures between adjacent silicon layers 14, is not limited to semiconductor

devices having portions with different depths. For example, the relaxing of the silicon layer 14 can
occur for semiconductor devices having a silicon layer 14 with a single depth.
By providing a semiconductor device having different portions, with each portion having a
25  silicon layer with a thickness that differs from another portion, the formation of NMOS and PMOS
transistors can be optimized. For example, a transistor with a dopant (e.g., boron) that has a greater
diffusion rate in silicon can be formed on a portion of the silicon layer having a greater thickness
than a portion of the silicon layer upon which another transistor, with a dopant (e.g., arsenic) with a
lower diffusion rate, is formed. Thus, the NMOS and PMOS transistors can both be exposed to an
30 optimal temperature/time profile.
Another advantage of providing a semiconductor device having different portions, with each
portion having a silicon layer with a thickness that differs from another portion, is that both fully and
partially depleted transistors can be easily formed. For example, a partially depleted transistor can

be formed on a portion of the silicon layer having a greater thickness, and a fully depleted transistor



The features, for exanple, can include a gate dielectric 16 and a gate

el ectrode 24 over the gate dielectric 16. Sidewall spacers 36, 38 can be
formed ornweiodesabé s 26, 28 of the gate el ectrode 24, andpsaursomidnai n
extensions 30, 32 can be fornmed in the silicon |ayer 14 underneath the
sidewal | 10 spacers 36, 38. Furthernore, source/drain regions 40, 42 can be

formed in the silicon layer 14. As shown, the source/drain re%yons 40a,
42a in aaf ibesformpasy o @npwtion ke thee piiednavert with delppsee tigknetsay dhusy ¥ e et
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profile. Another advantage of providing a senm conductor device having
different portions, with each portion having a silicon layer with a
t hi ckness that differs fromanother portion, is that both fully and
partially depleted transistors can be easily formed. For exanple, a
partially depleted transistor can be formed on a portion of the silicon
| ayer having a greater thickness, and a fully depleted transistor 7 WO
03/ 054966 PCT/ US02/41102 can be forned on a portion of the silicon |ayer
with a | esser thickness. Thus, even if the



source/drain regions extend down to the same depth, both partially and
fully depleted transistors can be forned. Alternatively, floating body
ef fects cap bB®s4vsei m zed by elimnating the neutral regi orCcThsomedan2t he
source/drain region and the insulating |ayer by making all transistors
fully depleted. 5 The present invention can be practiced by enploying
conventional materials, nethodol ogy and equipnent. Accordingly, the
detarI§V%¥“§@€Wmﬁ§terrals equrpnent and nethodology are not set forth

herein in detarl In the revi ous riptions ific details
are set forthA Behef ofdnavuiaciufipg acseﬁjé‘fogﬁ Cécf)ge“%et’ F OI{:IQ DI %Ie St(ﬁ)g(r(‘?nf;cal s,

processes, %Ed?wdmg Dsildod @dyet D PO ideilaAing Rgerd2gthe sllmrdrelamr dhihchdingf firdte
present invention. However, it should be recogni zed that the present
|nvéntP@%mﬁémkeﬁuﬂglﬁﬁ5@trced wi thout resorting to the details specifically

set forth. lpg@fifRmoliRs URITE]PortioRbl the KileotTayer 0¢edRienty thickums ofitessehende not
been descrrbed in detall, in _order not to unnecessarily obscure the

pr esentortiel érreass thagys thickngss of fhed K5t PEROBhodi nent of the present invention
and but a feM/exaanes of its wversatility are shown and described in the

present disclosure. is.to be understood_that. the presen i on
i s capable o T élthHd Q%Frofdé‘l?s oGl L SEER %ﬁtﬂf % Sgﬁ%]ld glrorlsoénfr%% ﬁh&oﬂ‘{a &

cap@blq4q&ﬂdghgagg§$gknﬂggmﬁgcatrons wi thin the scope of the |nvent|ve
concepts as expressed herein. 8 WD 03/ 054966 PCT/ US02/41102 What is

claimed is: 1. A nethod of manufacturing a sem conductor device, conprising

the steps ofs ']ﬁfé%é'tk@ﬂ@&:o?d@gﬂolcﬁﬁﬁ1|\ah€ﬁé’1n&és@pefpamfal]ym&ndnatgthfgﬂﬂsag(EmOMZ t he
silicon |layer 14 including a first (Hgortron and a second portion;

partlaﬁﬁﬁwﬁéWﬁvpﬁﬁqﬁW@mﬁkr@@“ﬁ%wfﬁﬁﬁp % he silicon layer 14, wherein a
t hi ckness of the second portion |s greater than a thickness of the first
portron 2. The net hod according

t h d
porli ons of 4 hEegpethoddpeardiysio Cla“B 31‘21he|“°r1’f‘ %Hezi GP\)I‘?\IP aefg'tr%gvnégntée §1ﬁ9€% n@ggon .

The netlied ACERT ?eﬂw incRid6d RpsBithg awaest ez Bveﬁ He sﬂicerplagaér 1pand éxpbding adnovi ng t he
first portion the silicon |ayer hing the first portion.

ety FL°
15 4. Tﬁ@dﬁ@ﬂ&ﬁﬁ“ﬁ@@@ﬁﬂ?ﬁ@ﬂFéﬂﬁP%?W?%ﬁh&ﬂ Wt he step of partially

renoving the first portion of the silicon layer 14 includes depositing a

resist 22 over the silicon |ay r posr devel resi st
to expose th%'FFW§W“H6¥WF@HgEW3TWé-?ﬁ??@ §€8m§§%r§mo &Qhﬂﬁggﬁ&l
accry di fgnd Qicoh By8R 4 inA®k BkiBizin eheSirgifpoafon Dﬁt‘hb ksitikbrylayee mbudngmovieg fher st

portion
oxidized silicon .

6. The method according to claim 5, wherein the step of partially removing the first portion
of the silicon layer 14 includes depositing a mask layer 20 and a resist 22 over the silicon layer 14 and
25  exposing and developing the resist 22 to expose a portion of the mask layer 20 over the first portion of

the silicon layer 14 and removing the mask layer 20 over the first portion of the silicon layer 14.

7. A semiconductor device, comprising:

an insulating layer 12;

30 a silicon layer 14 over the insulating layer 12, the silicon layer 14 including a first portion and

a second portion;

wherein a thickness of the second portion is greater than a thickness of the first portion.

8. The semiconductor device according to claim 7, wherein a first transistor is formed in the

35  first portion and a second transistor is formed in the second portion.



20 of the silicon layer 14 includes oxidizing the first portion of the
silicon layer 14 and renoving the oxidized silicon. 6. The nethod

accor di ngwoo3obaken 5, wherein the step of partially renovipag/usez4finz st
portion of the silicon layer 14 includes depositing a mask | ayer 20 and a
resist 22 over the silicon layer 14 and 25 exposing and devel opi ng the
resist 22 to expose a portjon of the sk portion
of the S|I|@loPﬁV@?mﬁma@ﬁHV¥%ﬁﬁWiH@tga’ eﬁgéi?Pﬁgﬂggg?rﬁﬁﬁé i rst

port : Ogoﬁfze/clﬁrgﬁ r@ﬂdzs Ql@% gb@fbﬁh?Mth a erst dbp&lﬁ h@ OB decohdirardBtor meludgonpr i si ]n-g an
i nsul ating | ayer ; a silicon | aye over insul.atin

the si |sp@gqﬂdrﬁ1§y@wnf40b Heb frampgwih ?f‘r%lﬁf{ ‘i?@?‘%t %ﬁ t’é?n‘ggusé“? é%hée(%%ér ?nglr:l]t

wher ei Byd ofiRbCK BRE®: B thb BirSSGRNSE tROfili @ParitSntgkiedner than a thi ckness of

the first portion. 8. The sem conductor device according to claim7,

whefein a first transistor is formed in the 35 first portion and a second
transistor i g g&chnau&meﬁs&&e&dmg 4 d19ih 8, VhWOIABE DELeHEsBCRWER2/ 41102

9. The seni conductor device accord ? to clai m 8, &here P flrst
tranS|§@@$d¢ﬂwﬂﬁﬁ@§4@6&?&8¥@@5Wﬁh?@@ @H@mﬁﬁgﬂwﬁ§§n RS 3 first

dopant gnd./bAfH rég?&%m@b t 4B RS S d Qth b BElobI@SpantS AdItEedighiavity of @giserad 46ant 42b
f or med mnt% a second dopant, and the dif u5|V|t%Fof t he second dopant into

S|I|conmb§ﬂg@é§g€ﬁwtﬁ@%ﬂ@ﬁéﬁ@WﬁYﬁgb?ﬁﬁymﬁﬁmﬂﬁés st dopant into silicon. 5
10.|gThe semi conductor device according to claim@8, wherein the first

transi stor includes source/drain regions 40a, 42a formed with a first
dopant and the second transistor includes source/drain regions 40b, 42b
formed with a second dopant, and the diffusivity of the second dopant into
silicon is greater than the diffusivity of the first dopant into silicon.
10 10
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