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typical MOS device is symmetrical, in that the source and drain are interchangeable. Whether a

region acts as a source 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 alternative 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 Siiicon—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 both -
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 throxigh 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 porti transi stor can ete transi stor,
and t hepartially removed. Also, a first transistor can be formed in the first portion and a second transistor

can be formed in the second portion. The first transistor can be a fully depleted transistor, and the
second transistor can be a partially depleted transistor. Also, the first transistor can include
source/drain regions formed with a first doiaant 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 asm whether a transistor formed on the SOL
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
limited 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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optxcal prOJectlon system, in which ultraviolet light from a mercury-vapor lamp is projected through
20 a first reticle and a focusing lens to obtain a first image pattern. The photoresist 22 is then
developed, and the irradiated portions of the photoresist 22 are removed to provide openings in the
photoresist 22. The openings expose portions of the silicon layer 14, which will thereby define the
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 thlcknesses is p10v1ded
WOnce 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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uctor device precursor having different portions with a silicon
4 of difFigePEnt mads pwer 20/is fomedkovesthe silicen yery14daad thedpyeatiphis not

ISt 22005 e RV G Lo 25Q128lchiOB: foRAldUt @S anldtican be
nPﬁd%ﬁ@aP?%ﬁgggﬁgkgﬁg?ﬁgj%@?ﬁgmﬁ%ggﬁ%?%%?gﬁgmeyer? I's not Ii&ited
meffeative film, which ltan he adwothgaongiy usedatuing fngine mitgmings dp geyrrent ggpect,
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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
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
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.
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5 the thickness of certain portions of the silicon |ayer 14 are nodifi ed.
Furthernore, as also illustrated in Figs. 2A-2D, a hard %be for med
over the silicon layer 14 to aid in etching of the S|I|con y@?ﬂ 14. As

i |1 ustratVe@o3/ps4piog. 2B, the isolation features 18 are formermsmmume silicon
| ayer 14, and as descri bed above, the invention is not limted in the
manner in which the isolation features 18 are formed. 10 In Fig. 2C, a
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removing the isolation features 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 (€.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



i WD 03/054966 PCT/US02/41102 As illustrated in Fig. 3, after the remaining
mask | ayer 20 and photoresist 22 is renoved using techniques known to
those skilled in the art, a sem conductor device having dif8d&Udkatlsportions,
with eac having a silicon layer 14 with a thickn iffers
fron1ano$¥§?§%%T§i is provided. Once the thickness ofﬁégpggﬁﬁ(%ortlons
of the silicon Iayer 14 has been nodified, features, 5 such as transistors
al though not limted in this manner, can be forned in the silicon |layer 14,
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t hi ckness that differs from another portion, the formation of NMOS and PMOS
transi stors can be optim zed. For exanple, a transistor with a dopant '
(e.g., boron) that has a greater diffusion rate in silicon can be forned
on a portlon of the silicon layer having a greater thickness than a
portion of the silicon |ayer upon which another .transistor, with a dopant
(e.g., arsenic) with -a lower diffusion rate, is forned. Thus, t he NMOS
and PMOS transistors can both be exposed to an
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30 optimal tenperature/tine profile. Another advantage of providing a

sem conduct or device having different portions, with each portion having a
silicon layer with a thickness that differs fromanother portion, is that
both fully and partially depleted transistors can be easily forned. For
exanple, a partially depleted transistor can be fornmed on a portion of the
silicon layer having a greater thickness, and a fully deﬁbgh & ransi stor 7
2 0 JUN 2006 WD 03/ 054966 PCT/ US02/ 41102 can be forned o g 6 on of the
silicon layer with a | esser thickness. Thus, even if the source/drain

regi onscexierd down to the same depth, both partially and fully depleted
transistors can be forned. Alternatively, floating body effects can be

m nimzed by elininating the neutral region between the source/drain

region and t i | ayer by .makij tranS|stor fully depleted. 5
The. oreGent  Tafe bR o BhnigBihEtr Biied SPREHER VB Attty “ator el s
net hodol ogy praRidlig i et lay AC Cla diveg i, ind&idbelaged 6129f theughcdmnlaged @145)

equi prent and net hodol ogy are not set forth herein in detail. In th

previ oulélc’dléwrﬁféns potion ashesesand Bordiensf i ¢ details are set forth, such as
specific mat aﬁhﬁ rem%w grcth%”i‘? Ipo?tﬂ)%fnafctﬁé Silicdd ﬁﬁ? (ﬁgfie %Eemathgkl%sggf thE:O

provi de a t rou ng o e prese |on wever

shoul d &eotidsagon E%ﬂeattér&hart Dehigknesseuttithd firse m@ﬂ and0 can be practiced

Wi t hout resorting to the details specifically set forth. In aother

i nst ances, wermInNg Siks tﬁ%f@tﬂé@sinn@esfﬂrrsw@r@pésanﬁaa/éeqea@ tir@sistod da dhe serengin
detail, dR, Iga,g{f-e; ;fot to unnecessarily obscure the present invention. Only
t he pre?erré mbodi ment of the present invention and but a few exanpl es of
its versatility waheesttheirsandnsdgscinclides first $duecepdremangiods GOho4a) end the | s

to be understood. that. the sent 5 invention s ab of use i
vari ous. ot heleoebtRsEiPD 1 udks 9514[ SPvReFEain Ageipas Z@@w@m deﬁtﬁaqf @ or
nodi ficatio t
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devi ce, conpregbnntialagt eps of : pr oviding a silicon Iayer (14) over an
i nsul ating | ayer t he I i con 14) ncI first
and a second porté“(’)%]?rétﬁa}l’ic? 9 r?géw4ﬁ@ 4{2%&,@' ‘E Sb‘fioﬁaﬂég@{hlecon
layer (14), éefe&[cﬁsonr@/drﬂhq@&sgm 42*15% arSREABA W@mratsie@&hd &ﬁﬁﬁaﬁ&r than a
thi ckness of the first portion;

. the diffustvity of the second dopant into silicon is greater than the diffusivity of

the first dopant into silicon.

2. A method as claimed in claim 1, wherein the first and second portions of the silicon

layer (14) initially have the same thickness.

3. A method as claimed in claim 1 or claim 2, wherein the step of partially removing the

first portion of the silicon layer (14) includes etching the first portion.

4. A method as claimed in claim 3, wherein the step of partially removing the first portion
of the silicon layer (14) includes depositing a resist (22) over the silicon layer (14) and

exposing and developing the resist (22) to expose the first portion of the silicon layer (14).




formng a first transistor in the first portion and a second transistor in
the second portion, wherein: wherein the first transistor includes first
source/drain regions (40a, 42a) and the second transistor includes second
source/drain regions (40b, 42b), a depth of the second source/drain
regions (40b, 42b) is greater than a depth of the first SOLZJZ" %Wﬂn
regions (40a, 42a), the first source/drain regions (40a, 4 §§ ar e orned

with a first,do a econd our alnre iops (.40b, 42h

formed £ h & TeBRGhe oo i visRontes S8 OF el b s B
into sifijsg 9&&0% (grtﬁ@gﬁl'éoﬁ T@@r ?m 1{4&1{1&&56)6181‘2%@(%% & oktidrS bf ﬂlx@%'fbton' 1S
silicon. 2. as clainmed’in claim1l, wherein'the first and second
porti on@4bﬁn¢W@logmgltb@m?(ldizagfeﬂlccéll4) initially have the same thickness. 3. A
method as clained in claim1 or claim2, wherein the step of partially
renoving the first portion of the silicon |layer (14) includes etching the

first perti oN.meéhodastiinee i@slafh 8] WB@ICiMh@bt@b Bf?artléimﬁ{eﬁ’ioﬂnfghﬁe §itse odion
parti al Ity renoving the first portl on he silicon |ayer (14) includes

deposi t¢frihe siliewslager (14pincludes depesitivg|aj m@ﬂk lieey €20)(and p rasmi (2&@@3 thegilined

d I I I
s, OB Rl BBt 4Rl LBBAROIR IR L0 cBReBln b BeShbihe 2
the st e@Opbverahé fisst pyrtioarsthaglitdielayéd (ﬂﬂ) aftDf i ¥ gothe itk $dylet €20) dvélythé (14)
i ncl Udﬁér oxi di zi n&lft he first portion of the silicon |ayer (14) and

r enovi nigSt PRIt PHihs sHicen faveb4)6. A method as claimed in claim5, wherein
the step of partially renmoving the first portion of the silicon |ayer (14)
i ncl udes depositing a mask | ayer (20) and a resist (22) over the silicon

| ayer (74) aAdnethq@baicoglimnid oltimed, ogiergn theethickadss bf (e djrst rxpRseteamipedt i on
of the rras%la r (20% Oé)'(?r the first port| n of the silicon layer (14)
and rendV§t firstsnortiop, for a tegpinediength ef e, portion of the silicon

| ayer (14). 7. A method accordi ng to claim3, wherein the thickness of the
first portion is determned by etching the first portion for a

pr edet ef.mi nedl thethgd heafrdingrte.cl8m @ fuethhodompudsingithg step of ramovite themidskr
conpri éian‘%ht he step of renmoving the nmask |ayer. 9. A nethod according to
claim erein the mask layer is an antireflective materi al.

9. A method according to claim 6, wherein the mask layer is an antireflective material.

10. A method according to claim 6, wherein the mask layer is silicon nitride.

11. A method according to claim 1, wherein the first portion of the silicon layer is
immediately adjacent the second portion, and the first portion and the second portion are

separated by an isolating feature.

12. A method according to claim 1, wherein the first transistor is a N-type transistor and

the second transistor is a P-type transistor.
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10. A nethod according to claim6, wherein the mask | ayer is silicon
nitride. 11. A nethod according to claim1l, wherein the first portion of
the silicon layer is imediately adjacent the second portion, and the
first portion and the second portion are separated by an isol ating
feature. 12. A nethod according to claim1, wherein the firsi t@Fzﬁlstor IS
a N-type transistor and the second transistor is a P-type t %A 10 2

0 JUN 2996 g gl(% Azj?) or device, conprising: an insulating |ayer
(12); asili 5ﬁmfcé’§} YLD GV RS nsul ati ng | ayer (12), the silicon
layer (14) ifthwdbieg Bydd3);, portion and a second portion; and a first
transistor formed in the first portion and a second transistor formed in
t he second ép@h@@rolrayelvmé} even the inulatingdeserdf 2), e slicoorayep 6F4)iinviudisg g fiesit er

t han a](gjp he first, portion, the first transistor includes first
sour ce/ pj‘é&haf%e Cﬂn ?9{618{’ %’ga) and the second transistor includes second

source/ drai na ﬁegtr@mstéﬂiehne&&hhe figst @61Ri0R a@fl alsB@nI LAKIGOS B3HeE irtithaisecdn@gi oNns
(40b, 42b) is greater than a depth of the first source/drain regions (40a,

42a), tpastienvdiereiBur ce/ drai n regi ons (40a, 42a) are formed with a first

dopant and the h a
second dopant, an%&l?(ﬂ& %Cgf.irft us%e\glé;?dyﬁb rp&?neé} §ae§:r§§%’aﬁg§%j[ E%’O(r?tt{e sgﬁ; C%Y'P]B| S
greater -than the tiefffrstsiansistor q'rfcludeb@r:ftlsbﬁﬁceﬂﬁdiﬁlﬁégld)ﬂst(goammi}im thd 4ecohd
sem conductor device as clained in claim13, wherel n the first transistor

is a Ntype transigipgiagl esé%’n seuse/drtipregionidid 4ebk s a P-type transistor.

15. A sem conduct I &idy the
first portion ofap&ﬂﬁlﬁ con (aasgg{r@?i{éﬂ? r lgﬁgr?nég’%be%&%%kacenwge de‘{econd
portion, anokheﬁmtfsome/dmrtagmms@tﬁh 42d)e second porti on are separated by an
isolating feature . 16. met ho med_in ong of the c
to 6, wherein theb f(' %Itso @%ﬂr?ﬁw’isréaa’ 42|a e'@nforla ltbf‘ rst goﬂaﬁ?r%"&d tgl’f’el y
adj acent these§&ﬁpib@rdéﬂfr£1h%gloﬁs"(q% hep) Ia&éforﬁaea wlfhrh RB6hd dpanS&PNd portion
are separated by an isolating feature (1 8) .

the diffusivity of the second dopant into SthOl’l is greater than the diffusivity of

the first dopant into silicon.

14. A semiconductor device as claimed in claim 13, wherein the first transistor is a N-type

transistor and the second transistor is a P-type transistor.

15. A semiconductor device as claimed in claim 13 or claim 14, wherein the first portion
of the silicon layer (14) is immediately adjacent the second portion, and the first portion and

the second portion are separated by an isolating feature (18).
16. A method as claimed in any one of the claims 1 to 6, wherein the first portion of the

silicon layer (14) is immediately adjacent the second portion, and the first portion and the

second portion are separated by an isolating feature (18).
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