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channel length. Hence, in combination with the capability of rapidly creating a conductive

channel below the insulating layer upon application of a specified control voltage to the gate
electrode, the conductivity of the channel region substantially determines the characteristics of the -
30 MOS transistors. For this reason, the channel length represents a dominant design criterion and a

size reduction thereof provides for an increased operating speed of the integrated circuits.

The shrinkage of the transistor dimensions, however, entails a plurality of issues associated
therewith, which have to be addressed so as to not unduly offset the advantages obtained by
35  steadily decreasing the channel length of MOS transistors.

One problem in this respect is the requirement of extremely shallow pn junctions. That is, the
depth of the source and drain regions with respect to an interface formed by the gate insulating
layer and the channel region has to be decreased as the channel length is reduced so as to maintain
40  the required controllability of the conductive channel. The depth of the source and drain regions

substantially determines the sheet resistance thereof, which may not be arbitrarily reduced by
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With reference to Figs 1a-1d a typical conventional process flow for forming raised drain and
source regions will now be described in more detail.

30  Fig. la schematically shows a cross-sectional view of a field effect transistor 100 at an early
manufacturing stage. The transistor 100 comprises the substrate 101, for instance a bulk silicon
substrate or an SOI (silicon on insulator) substrate including a buried insulating layer. Above the
substrate 101 a substantially crystalline layer 102 is formed with a thickness that is appropriate for
forming pn junctions and a channel region therein. For instance, the transistor 100 may represent

35  an SOI transistor with a thickness of the silicon layer 102 in the range of approximately 20-100nm.
A gate electrode 103, comprised of polysilicon, is formed above the silicon layer 102 and is
separated therefrom by a gate insulation layer 104, The gate insulation layer 104 may be formed
in sophisticated devices by a nitrogen containing silicon dioxide layer with a thickness of
approximately 0.6-4nm. The residue 105 of an anti-reflective coating covers a top surface 103a of

40  the gate electrode 103, while the sidewalls 103b thereof as well as the remaining surface of the

silicon layer 102 are covered by an oxide liner 106.
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vapor deposition, of a silicon nitride layer of a specified thickness and a subsequent anisotropic

30  etch process, which reliably stops on and in the liner oxide 106, thereby leaving the spacers 107,
A width 107a of the spacer 107 is readily controllable by appropriately adjusting the thickness of
the silicon nitride layer. Hence, a lateral extension of epitaxial growth regions adjacent to the gate
electrode 103 is substantially determined by the spacer width 107a.

35  Fig. 1c schematically shows the device 100 with selectively grown silicon regions 108 above the
silicon layer 102, wherein a lateral distance of the regions 108 from the gate electrode 103
substantially corresponds to the spacer width 107a (cf. Fig. 1b) plus the minimal thickness of the
liner oxide 106. The transistor 100 as shown in Fig. 1c may be obtained by the following
processes. Starting from the device as shown in Fig. 1b, the liner oxide 106 is selectively etched

40  so as to expose the silicon layer 102 at portions that are not covered by the spacers 107, the gate

electrode 103, and any isolation structures (not shown). Before and/or after the removal of the
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30  corresponding spacer width may be controlled by the corresponding deposition thicknesses of the

respective spacer layers, for instance comprised of silicon nitride, wherein the first spacer 109 and

the oxide liner 111 provide for the required etch selectivity in anisotropically patterning the
spacers,

35  As a result, the above-described process flow enables the formation of required shallow pn
junctions in the form of the extenmsions 113, while nevertheless providing for a low contact
resistance to the drain and source regions 114 by providing the additional selectively grown silicon
regions 108, which may be used to receive a highly conductive metal silicide, wherein the
silicidation process does not adversely affect the extensions 113, nor is the silicidation process

40  restricted by the depth of the extensions 113 and the drain and source regions 114,
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be t akcffOTHigFpitaxial growth regions in the newly-exposed semiconductor regions. This sequence may

be repeated if a plurality of differently dimensioned epitaxially grown semiconductor regions are

30  required. In this way, two or more raised semiconductor regions may be formed that have different

heights so as to more conform to device specific requirements. Moreover, in other illustrative

embodiments of the present invention, raised semiconductor regions rﬂay be selectively formed by

epitaxial growth, and thereafter one or more selected portions of these raised semiconductor

regions may be selectively reduced in thickness, by for instance oxidizing the region so as to
35  precisely reduce a height thereof by subsequently removing the oxidized portions.

According to a further illustrative embodiment of the present invention, a method comprises
forming a first epitaxial growth mask that exposes a portion of a first semiconductor region while
keeping a second semiconductor region covered. Then, a first raised semiconductor region is
40  formed in the exposed portion of the first semiconductor region and a second epitaxial growth

mask is formed above the second semiconductor region, wherein the second epitaxial growth
5



consi deration when selecting the inplantation paraneters, thereby possibly
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40 2brnmed in the exposed portion of the first sem conductor region and a

second 0 il us i i d WiskardaSedBl WL ARGy BEER0H: BEGRITUGLRT

regi on, wherein the secon pr taxial gro
PCT/ US2004/ 031038 mask exposes a portion of the second sem conductor

r egi on. Adcoruaid 1, still {.smma? iﬂuﬁﬂr&&é enﬁgdﬂn@ﬁk!ﬁltﬁ% eresefnegi.v@ﬂidn,sa%itﬂol@ébﬁb#iéés gr own
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rai sed @adoa@tdiClepion! ©Ux@ e second raised semiconductor region is selectively oxidized to

form an oxidized portion above the second raised semiconductor region. Finally, the oxidized

portion of the second raised semiconductor region is selectively removed.

30  In a further embodiment forming an oxidation mask includes depositing a mask layer and

selectively removing said mask layer from above said second semiconductor region.

~ In a further embodiment at least one of said first and second semiconductor regions comprises a
structural element extending above a surface of said first and second semicondnctor regions.

35

In a further embodiment said structural element comprises a gate electrode structure.

In a further embodiment the method further includes forming a disposable sidewall spacer adjacent
to said gate electrode structure prior to epitaxially growing said first and second raised
40  semiconductor regions.
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Figs. 1a-1d schematlcally show cross-sectional views of a conventional transistor device including

raised drain and source regions during various manufacturing stages;

25 Figs. 2a-2e schematically show cross-sectional views of two different semiconductor regions
during various manufacturing stages, wherein selectively raised semiconductor regions are formed
having different heights above the first and second semiconductor regions in accordance with
illustrative embodiments of the present invention; and

30  Figs. 3a and 3b schematically illustrate a first and a second semiconductor region that receive

raised epitaxial growth regions by a common epitaxial growth process, wherein the individual
height is adjusted by a selective oxidation process.

DETAILED DESCRIPTION
35
While the present invention is described with reference to the embodiments as illustrated in the
following detailed description as well as in the drawings, it should be understood that the
following detailed description as well as the drawings are not intended to limit the present
invention to the particular illustrative embodiments disclosed, but rather the described illustrative

40  embodiments merely exemplify the various aspects of the present invention, the scope of which is

defined by the appended claims.
7
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of circurt elenents or ferent areas substrate. One
exanple of circuit el errents for which the above
It should further be noted that in the following illustrative embodiments, a first and a second

transistor element is referred to that are formed on respective semiconductor regions which are to
25  receive epitaxially grown semiconductor regions. The present invention, however, should mnot be
restricted to transistor elements, but may be readily applied to any circuit elements requiring the
formation of selectively grown epitaxial growth regions of different characteristics; nor is the
reference to two different semiconductor regions to be considered as restricting, as the
embodiments disclosed herein may be readily applied to a plurality of different semiconductor

30  areas requiring an individually adapted characteristic of the epitaxially grown semiconductor
regions.

With reference to Figs. 2a-2d and 3a and 3b, further illustrative embodiments of the present
invention will now be described in more detail.
35
Fig. 2a schematically shows a cross-sectional view of a semiconductor device 200 at an early
manufacturing stage. The semiconductor device 200 comprises a substrate 201, which may
represent any substrate that is suitable for forming circuit elements thereon. In some
embodiments, the substrate 201 may represent a bulk semiconductor substrate, such as a silicon
40  substrate, having formed thereon a semiconductor layer 202, such as a substantially crystalline

silicon layer. In other embodiments, the substrate 201 may represent an insulating
8
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schemat hﬁ?a'cé xfsut(;g\/\@ftgecro.ss ect :lfgers vi ew of a sém conduct or device 200 at
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completely covered so as to avoid or at least slow down a material removal of the spacer layer 221
30  in the second device region 240b during a subsequent anisotropic etch process.

A typical process flow for forming the semiconductor device 200 as shown in Fig. 2a may
substantially include the same process steps as previously explained with referenced to Fig. 1a,
wherein the formation of the isolation structure 220 may be accomplished by well-established
35  photolithography, deposition and etch techniques. Furthermore, corresponding implantation cycles
with respective masking steps may be performed so as to establish a desired vertical dopant profile
in the semiconductor layer 202 for the first and second device regions 240a, 240b in accordance
with the device specifications. In addition to the conventional process flow as described with
reference to Fig. la, in the present invention the etch mask 222, for instance comprised of a resist

40  material, is formed prior to a first anisotropic etch process so as to form sidewall spacers 207a

from the spacer layer 221 in the first device region 240a.
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and source regions by ion implantation. In one embodiment, the initial height of the epitaxially
30  grown semiconductor region 208a may range from approximately 1-10 nm.

In Fig. 2c a second etch mask 225 is illustrated that substantially covers the first device region
240a so as to substantially avoid any material removal and/or damage in the first device region

240a during a subsequent anisotropic etch process for patterning the remaining spacer layer 221 in
35  the second device region 240b.

Fig. 2d schematically shows the device 200 after completion of the anisotropic etch process,
resulting in the formation of sidewall spacers 207b adjacent to the gate electrode 203b. Moreover,
the liner 206b is partially removed in the second device region 240b so as to expose the surface
40  portions 223b of the semiconductor layer 202, wherein, depending on the removal process,

underetch portions 224b may have been formed, as is also explained with reference to the first
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when a %%ggﬁP“§¢9%$ zﬁ?ferently 25 di nensi oned epitaxially grown

sem conductor regions is to be forned, in the finally desired hei ght
After the second epitaxial growth process, the further manufacturing process may be resumed
30  substantially in a similar way as is described with reference to Figs. 1c and 1d. That is, the
spacers 207a, 207b and the cap layers 205a, 205b may be removed, for instance by hot phosphoric

acid, and corresponding implantation cycles using corresponding spacers as required may be

performed so as to obtain a desired dopant profile as is necessary for corresponding drain and
source regions, including respective extension regions. Thereafter, corresponding metal silicide

35  regions may be formed at least in the raised semiconductor regions 218a and 218b in accordance
with design requirements.

It should be noted that in the above-illustrated embodiments, the first and second device regions
240a, 240b are separated by the isolation structure 220. In other embodiments, the separation
40  between two different device regions may not necessarily be represented by a trench isolation, but

may simply be represented by any physical boundary, or may be simply defined by design
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corresponding cleaning processes are performed so as to remove any material residues from the
exposed surface portions 223a (cf. Fig. 2b) prior to the first epitaxial growth process. Moreover,

30 since the adhesion characteristics of silicon to the liner material of the liner 206b, for instance

comprised of silicon dioxide, may differ from the adhesion characteristics of the spacer layer 221,
for instance comprised of silicon nitride, a corresponding adaptation of the epitaxial growth
parameters may be required. For instance the temperature of the epitaxial growth process may be

correspondingly adapted so as to substantially avoid any semiconductor deposition on the exposed
35  liner 206b.

With reference to Figs. 3a and 3b, further illustrative embodiments will now be described, wherein

the thickness or height of epitaxially grown semiconductor regions are individually reduced by a
selective oxidation process.

40

In Fig. 3a, a semiconductor device 300 comprises a first device region 340a and a
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epitaxial growth regions 308a, 308b. Contrary to the conventional process flow, the liner 309a,

309b may be formed by, for instance, oxidizing the device 300. Thereafter, the mask layer 321

may be deposited, for instance by plasma-enhanced chemical vapor deposition, and subsequently

30  the etch mask 322 may be formed by well-established photolithography. Thereafter, the mask
layer 321 may be selectively removed from the first device region 340a, for instance by a selective
isotropic or anisotropic etch process that stops in or on the liner 309a. Since the mask layer 321 is
highly conformally deposited over the first device region 340a, the disposable spacers 307a and

the cover layer 305a remain substantially intact if a substantially anisotropic etch recipe is applied

35  for removing the mask layer 321. In case an anisotropic etch process is used, the thickness of the
disposable spacer 307a is correspondingly increased by the etch process by the layer thickness of

the mask layer 321. Since the thickness of the layer 321 may be selected to be relatively thin, the
increase of the width of the disposable spacer 307a does not substantially affect the further
processing. After the selective removal of the mask layer 321, the etch mask 322 is also removed

40 and thereafter the device 300 is exposed to an oxidizing ambient, for instance, to an oxygen

containing  atmosphere at an elevated temperature so as to initiate a highly
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wher ei n (?Oh Sihce %% %el"éc’tlg? Oﬁb‘Hﬁﬂ Pyeess fog gﬁﬂ“&’lgl f§‘e ristired s@ﬁ?%%’d’ﬂcﬁ’%ﬁb“? &gi ons
ar e2§ ndﬁmederaPQD}NHéthe@mWred to stm1mtanme1r@xa daisotmarpupemh aecedudtl, e fialy 3a,
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\%536”02?8‘3%:%3; %?7‘“%%0%@%%%6‘%’%“ il piScioh 3b B Ul Spdn Bl A el

devi ce ®Gompri ses a gate el ectrode 303a forned above a
sem conduct or layer 302, which in turn is for rred on an appropri ate

subst r atrge fther #3@&9 %ch c'891 felﬁﬁﬁ ?ﬁébsﬁn{cgﬁ(ﬁlcég% v1ce il/) eetngé% é['éc:‘th%{rwmug

302, _the sane criteria as are rea
r ef €7 en&¥Pl %‘Bedt‘h'éhfféﬁi?ft?é@ 2lh/breover a gate |nsul atlon | ayer 304a

As a result, the present invention provides for an improved technique to form circuit elements
having epitaxially grown semiconductor regions, the heights of which may be individually adjusted
in two or more different device regions by selectively providing a global epitaxial growth mask or
30 by selectively reducing a thickness of epitaxially grown regions. In some embodiments both
methods may be combined so as to provide superior flexibility in adjusting the height of
epitaxially grown regions in a plurality of device regions. Since epitaxially grown raised source
and drain regions are currently considered a preferred technique for forming extremely scaled
transistor devices, the present invention is particularly advantageous for devices of critical
35  dimensions of approximately 90 nm or less,

Further modifications and variations of the present invention will be apparent to those skilled in
the art in view of this description. Accordingly, the description is to be construed as illustrative
only and is for the purpose of teaching those skilled in the art the general manner of carrying out
40  the present invention. It is to be understood that the forms of the invention shown and described

herein are to be taken as the presently preferred embodiments.
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5 separates the gate el ectrode 303a fromthe sem conductor |ayer 302. A

di sposabl e sidewal | spacer 307a is formed near sidewalls of the gate

el ectrode 303a and is separated therefromby a liner 306a. Epitaxially
grown semWoRMIMHI4r egi ons 308a are forned adjacent to puoe/usceposekl e
sidewal | spacers 307a with a specified thickness or height 319. The
epitaxially grown regions 308a may include a liner 309a, for instance in
the for mdbtriaiappiéaBilged portion. The second device 10 regi on 304b may
conprise corresponding circuit conmponents that are indicated by the sane
reference nunerals, except for the letter "b". In particular, although the
di mensi dhepissent ngenfionirdatss tocuicpeleetnomic ftarchme a0 istth@eBrcamdtitly apficagi on
340k may differ fromthose forned on the first device region 340a, the
hei ght of the epitaxially grown regions 308b is substantially the sanme as
for the first device region 340a since the regions 308a and 308b are forned
by a common epitaxial 15 growth process. The sane holds true for the liner
309b. Moreover, the device 300 conprises a mask |ayer 321, for instance
conprised of silicon nitride, wherein a thickness of the mask |ayer 321 is
selected so as to be able to substantially avoid or at |east significantly
reduce an oxidation of an underlying material when exposed to an oxidi zi ng
anbient. For instance, the nask |layer 321 nmay have a thickness of
approximately less of Inmto several nm when conprised of silicon 20
nitride. Additionally, an etch mask 322 is fornmed over the second device
regi on 340b. The etch mask 322 may be conprised of a resist |ayer or any
ot her appropriate material having the capability to withstand a specified
etch chem stry used for renoving the mask | ayer 321 fromthe first device
region 340a. 25 A typical process flow for formng the device 300 as shown
in Fig. 3a may conprise the sane processes as previously described with
reference to Figs. 2a to 2e, so as to selectively formthe epitaxial
growt h regi ons 308a, 308b. Contrary to the conventional process flow, the

| iner 309a, 309b may be formed by, for instance, oxidizing the device 300.
Thereafter, the mask |l ayer 321 nay be deposited, for instance by |

pl asma- enhanced chem cal vapor deposition, and subsequently 30 the etch
mask 322 may be fornmed by wel |l -established photolithography. Thereafter,
the mask |ayer 321 may be selectively renoved fromthe first device region
340a, for instance by a selective 1isotropic or anisotropic etch process
that stops in or on the liner 309a. Since the mask layer 321 is highly
conformal |y deposited over the first device region 340a, the disposable
spacers 307a and the cover |ayer 305a remain substantially intact if a
substantially anisotropic etch recipe is applied 35 for renoving the mask

| ayer 321. In case an anisotropic etch process is used, the thickness of
the disposable spacer 307a is correspondingly increased by the etch
process by the layer thickness of the mask |ayer 321. Since the thickness
of the layer 321 may be selected to be relatively thin, the increase of
the width of the disposable spacer 307a does not substantially affect the
further processing. After the selective renoval of the mask | ayer 321, the
etch mask 322 is also renoved

15



40 and thereafter the device 300 is exposed to an oxidizing anbient, for

i nstance, to an oxygen containing atnosphere at an el evated tenperature so
as to initiate a highly 13 WO 2005/045924 PCT/ US2004/ 031038 control |l able
sel ective oxidation process in the epitaxially grown region 308, while an
oxi dat i onwef 2006/8859280i ons 308b is substantially avoi ded @cEiSRIHE1038
significantly slowed down by the remaining mask |ayer 321 preserved on the
second device region 340b. In other enbodi ments, an oxidizing solution may
be applied to the device 300, possiblGFAMS®r first renoving the liner 309a,
for instance 5 by neans of a wet chem cal etch process on the basis of
hydr ogenated fluoride (HF), Fig. 3b schematically shows the device 300
after the'-conpf B6WRAY SAMRMSEGhi ghly control I abl e ~sel ective oxidation
process, fhingidYirsiepkakidi %zr@dtmégk 223 10 RV G Fori df- LRt s&thic&kbuctor
thickness 311a has been torned above the epitaxially grown region 308a.
Ther eaf t €RZIONHE4QA WIS Esering ?ﬁ%@”ﬂ@%%‘%{f)’rb@'%%&@&%‘?m?he t hi ckness

t hereof nay be reduced, for instance to a value that is simlar to that of
the liner 309b of the second device region 340b, The renoval of the

oxi di zed e%té‘?"?“)bﬂr%‘f'”?c AdirstHaiER SeliqopdHeter B9iam@Padr inBrid ewosed arpionted by
a wet et cthemm@gﬁ,&oﬁaugtmegi@ﬁi(@()agf, for exanple, HF. Next, the disposable
spacers 307a and the cap | ayer 305a as well as the rennining mask | ayer
321 and the disposabl e spacers 307b and the cap | ayer 305b may be 15

removed, fbﬂﬁin'f;_r@tsam bfitaxial QFOAR 1RSI (P25 ARSISexbokE) ahBdrtioh @F RRRS sécopdi d-
Finally, the liper 309b and possibly the remaining part of the oxidized

portion 3RTHCPRANCINE reiomAAdEPs @G cti vely to the underlying seni conduct or
material, thereby providing an epitaxially grown region 308a having an
effective hei %pt 319a and providing a hej ght 319b of the r,egi on 308b. in the
second deSRIBXIAEGIYANg 3 £6pONdSfaifed SeREcAUElSf Feaiohid1dht ngiridpiosed pPegion
form ng tdran@¥ésbnaaenisontiuéor R4Rn (23¢K)bi ts a 20 superior controllability
conpared to typical anisotropic or isotropic etch procedures, the finally
obt ai ned height 3 19a is adjustable with high precision so that
correspongli ng HeY nfethseher agihen | whéreh fommingb# fifst fégitéédél gAeth mhBsk EorhpritRs
process for conpleting the sem conductor device 300 may he conducted as
previ ousl ?O)epoﬁﬁ'ﬁgﬁp‘-lpéf’ﬁg{éay%qvﬁr therisstandesecandpeyniconsuciQs regionss gnd patieraing
present i$W@BpacHR IBfeP \bbERS sdi@ fira BehiBUnaviedr FRESHWRIlEcIVRrih®EaMdCIpaser lhyer

el emrents havi n% epi taxi al | own sem conductor regions, the heights of

.
whi ch may?BR¥eisR %ﬁcaﬂ%\ls?'?“’aé‘i’ rdg0'onn two or nore different device regions
by selectively providing a global epitaxial growth nask or 30 by

sel ecti ve%y re?uci ng a thjckness of eFi_taxi al rown regions. In sone

|y grow .
enbodi ment's bo cPcﬁ§'a|‘Fﬁ€’ WeerehisMmipd assegrd gﬁtaﬁﬂ%@i%’éh B\35k FPHprises
fl exibilifoyming Repvuestiayeg abbee B&it Gitdt micARIUERX réyidr) BdQMterRed 6818 dpBcér
plurality of device regions. Since epitaxially grown raised source and

drai n regP¥HEPIVE SRIdSCERMY SPrUERIUGtar &RPIRN-pref erred techni que for form ng

extrenely scal ed

4. The method of claim 2, wherein said first and second semiconductor regions
comprise a gate electrode structure and patterning said first epitaxial growth mask

includes anisotropically etching said spacer layer.

5. The method of claim 1, further comprising removing said first and second epitaxial
growth masks after forming said first and second raised semiconductor regions.
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transi stor devices, the present invention is particularly advantageous for
devices of critical 35 dinmensions of approximately 90 run or less. Further
nodi fications and variations of the present invention will be apparent to
those skilled in the art in view of this description. Accordingly, the
descri pti wo peostoasé® construed as illustrative only and peTighoddB1038 pose
of teaching those skilled in the art the general nmanner of carrying out 40
the present invention. It is to be understood that the forns of the

i nvent i on6shownh@ngedREC of b&igim MEr @hBredt eatt RaBe drzken adid st RINGSe8ddnd
preferred enbod nts 14 WD 2005/ 045924 PCTI US2004/ 031038 | ndustri al

appl i cabi PYPY° %F@@%’Pﬁ COMRISSE ARt glesirede stpickire pBR fhedpetBpd BIMEeT uct ur es
and i s thesraprivee fomehg trdirphhd/ saped Mgﬁiﬂs%dﬁ%eﬂﬁt&é@d%%&&é@ﬁ%tructure after

PCT/ U82004/ 03 d conpri sing rmng a first
epi t axi al "% \ﬂf?fgﬁ?&sqﬂ%e%%wgwa%ﬁ. on of a first sem conductor

regi on (240a) whil e keeping a second sem conductor region (240b) covered;
epitaxially graowing.a fiyst. rai sed sem conductor region (208a) in said
exposed poTti oﬂh%fﬁeﬂt‘?fL F'Pg‘ﬂ% @ﬂ%&ﬁﬁ’ﬁ?@f“ﬂ?g f@@\'%a(gﬂﬁ)%ec”‘f% YR8 Fecond
epi t axi al p@tl@l\M bf s@a Kirét2a3h) séd@ﬂﬁ eXPEFREctor RYidrsOdkpobed By dehBGRg daid first
sem conduct re eaﬁa%éél()b rﬂa ep| taxially growi ng a second raised

[

semi conduﬁ? §eqog id exposed portion of the second
sem conduct or region (240b) 2. The nethod of claim1l1, wherein formng a

first ep| xi al mask conprises depositing a spacer |ayer over the
first and ecoﬁdg‘%@% EYRBURTSr regions; and patterning said spacer |ayer

above sai dpifaxfasiy gmgemﬂstqtsosa)remgla)geddﬁu I(soswmééwgerﬁ@bﬁh@mwgnoﬁ ayéle
above sai d sicond sem onductc&mr net hod _of claim?2, wherein

formng a2d Bﬁﬁaéﬁf? PATCHBIRE @g% BY eGP a cover |ayer

above said first sem conductor regi on; and patterning said spacer |ayer
above said second s |0n 4. The nmethod of claim wher ein
said fir sf O AR OQé’?ﬁsgg%g{) e?@@ fish aisedsamirnsu t°§éqgé”‘e(l3§§?)r ode
structure and patterning sal d f| rst epitaxial growh mask includes

ani sotropigally etc id cr ayer . .
P e(iectlvgly oxI zmg sa% seco ra(?se sgmlconductor region (308b) to form an oxidized

portion (310b) above said second raised semiconductor region (308b); and

selectively removing said oxidized portion (310b) of said second raised semiconductor
region (308b).

9. A semiconductor device comprising:
a first gate electrode (203a) formed above a first semiconductor region (240a) and

separated therefrom by a first gate insulation layer (204a);

a first raised drain and source region (208a) extending above said first gate insulation
layer (204a) with a first height (219a);

a second gate electrode (203b) formed above a second semiconductor region (240b) and
separated therefrom by a second gate insulation layer (204b);

a second raised drain and source region (208b) extending above said second gate
insulation layer (204b) with a second height (219b) that differs from the first height.
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5. The method of claim11, further conprising renoving said first and second
epitaxial growth masks after formng said first and second raised

sem conductor regions. 16 WO 2005/ 045924 PCT/ US2004/ 031038 6. The net hod
of claimb5, wherein at |east one of said first and second sem conduct or

regi ons cepzios®is@qgate el ectrode structure and the net haerussddansio3s
conprises formng drain and source regions adjacent to said gate el ectrode

structure after renoval of said first and second epitaxial growth nasks.

7. The meidod me sérdicBhductdrudvit’y o 88IY BS WABrefro&dTd Rigstah & @s@%érpéﬁd
structure on hgg'éfzﬁ%idfsal d first and second sem conductor regions

exposed b§F°PB rstgate glggtradecantisaidfisshigisgd ‘é{PMW PRUERESTETIPNS A
net hod co;@pfdsgmr}@a pPéHannkatdngistsroni ng a first (308a) and a second (308b)
rai sed sem conductor region above a first and a second sem conduct or

regions (340a, 340b), respectively; form ng an oxidation mask (321) above
said fi rsi1. ralﬁqﬁtmgmpdgﬁgor region (308a); selectively oxidizing said
second rai sed, E)rem conductor region (308b) to forman oxidized ortion

(310b) abR/Exly gravdngadirstand S@@ﬂ%f@fﬁ&eé@mcqneg?tewe@movea% stand a

sel ect i vedatohe nesmibghdediod @@lo@hl z06pdtfildly, 0 WherdlPRachf ofs 8hid AREQM s&domad
sem conduct or (308b) . A sem conduct or devi ce conprisin a first
gate el ec?%&@“‘%‘?%’ﬁéﬁg‘?'lﬁ?%‘ﬁprﬁﬁé\?egaée flertpdesrHcibm gutending AbgYLA S%'%@ﬁ%) and

separ at edsdidgfsehndsadovid deiidoptudtat RgioAsul ati on |ayer (204a); a first raised
drain and source regi on (208a) extendl ng above said first gate insulation

| ayer (204a) with a first height (219a); a second gate el ectrode (203b)

formed abfovfing aﬁs\e@moﬁ @:ﬁﬂék%’ﬁ&é%@rd fireOiafRd (AHYdhdaeer regRPAIABRIh foRAingf r om
by a second Eﬁn | ayer  (204b a second rai sed drain and source -

regi on (2@88? g@i&”e’ﬁﬁ gy de %?'Wgs% lRver @nd; selseivRly s pald Jenf)
with a selegadrdnebbile s(a?dl%aonaisamddinﬁﬁabﬁrebroﬁmthe first height. 17 WO
2005/ 045924 PCT/ US2004/ 031038 10. The sem conductor device of claim?9,

wherein said first height is less than said second height and said first

gat e el ecw@dnelgrmnmgﬂsém ls8torichlaied sehdohdadter BRIONCH f61HY bR BNIdiZe PorANt i Ng

- channb transi st A net hod, conpri sing:
ove sald secon ralse semiconductor region; and

selectively removing said oxidized portion of said second raised semiconductor region,
wherein said step of selectively removing said oxidized portion of said second raised
semiconductor region results in said first and second raised semiconductor regions having
differing heights.

12. A method, comprising:

epitaxially growing a first and a second raised semiconductor region above a first and a
second semiconductor region, respectively, wherein each of said first and second
semiconductor regions comprises a gate electrode structure extending above a surface of
said first and second semiconductor regions;

forming an oxidation mask above said first raised semiconductor region by depositing a
mask layer and selectively removing said mask layer from above said second

semiconductor region;

selectively oxidizing said second raised semiconductor region to form an oxidized portion
above said second raised semiconductor region; and
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epitaxially growing a first and a second rai sed sem conductor region above
a first and a second sem conductor region, respectively, wherein each of
said first and second semnm conductor regions conprises a gate el ectrode
structure extending above a surface of said first and second sem conduct or
regi ons; Wy #0083@489240xi dati on mask above said first rai sescpeRberadUSis0r
region, wherein formng an oxidation mask includes depositing a nmask |ayer
and sel ectively renoving said mask |ayer from above said second

sem condusdigdtivelg géreving S4i8 okidizal Yroftinchf £hiate8eH ka8 8 QBRidoAHSES region.

sem conductor region to forman oxidized portion above said second raised
sem conductor region; and selectively renoving said oxidized portion of

sai d secomi raAmh&fe@bmgﬁng@tor regl on, wherein said step of selectively
renoving sajd ﬁff' di zed portion of said second rai sed semiconduct or regl on

resul ts ifPexialy gromdng arﬂﬁstsaé@@aemds@&egmmeu@%mwwg Nt Agd 2

differi ngsdaeh@héeamca@ucﬁrn@ [Rd, reSsuBRavEIS] RderedPidagi &F k¥idIfieM 4t 8eddnbist
and a second r ctﬁt%ﬁsem con uctor regi on above a first and a second

seni condR&YFoR COIONSS RIS R Iaygat%\ﬁ@rc@?‘?? dachirg extengding @PP‘é‘i a ghdacecRfond

sem condugdi®firsk g.gu §61n8 @BRIdoP8GCtSr ,@gmsel ectrode structure extendi ng above
a surface of said first and second sem conductor regions; formng an

oxi dation mask above said first raised sem conductor region by depositing a

mask | ayeforraing a?xeémétubwhaskraﬂjm& isB@ ol @idsBsknlicdy8lictbr RFIRD AereiRigimmgeond
sem conduct or, ?@g]l Qs sel ectivel y oxidizing said second raised

sem condud? 8¥ BCgPHdSROGINGR 7RRPKIBYS i35 Selastivaly LNV 8JA d"3sKi sed

sem conduay@ifrdne 8b&Vs sakhsbcbBd WEMEHa(&EPRGInPCT/ US2004/ 031038  sel ectivel y
removing said oxidized portion of said second raised senm conductor region.

13. A nethod, conprising: epitaxially gromng a first and a second raised

seni condugél@dtuvél@gixwm@w@ sacdrid @tseargénﬂconﬂa&emégﬁﬂﬁbq@m Hi loRidiZe8 PoRtidn
respectlvel , Wherein each of said first and second sem conductor regions

conpri sesAePVgaPl acapd FRitR samicRndyelor Esdi¥hdi ng above a surface of said
first and second sem conductor regions; formng an oxi dat| on mask above
said first ?)%J sed sem conductor region, V\/nerel n formn an oxi dati gn mask

i ncl udes SRGBYEY;REoxyn PXgizrd AngictePlogqidl Fergnd: @’ﬁ?\?l SRS WCIRIRIOMay er
f r om abovehe&irdssie sl of @BleeRIY edrAbViRE BaRINGxidized portion of said second raised

semiconductor region results in said first and second raised semiconductor regions having
differing heights; and

forming a disposable sidewall spacer adjacent to said gate electrode structure prior to
epitaxially growing said first and second raised semiconductor regions.

14. A method, comprising:

epitaxially growing a first and a second raised semiconductor region above a first and a
second semiconductor region, respectively, wherein at least one of said first and second
semiconductor regions comprises a structural element extending above a surface of said
first and second semiconductor regions and wherein said structural element comprises a
gate electrode structure;

forming an oxidation mask above said first raised semiconductor region, wherein forming
an oxidation mask includes depositing a mask layer and selectively removing said mask
layer from above said second semiconductor region;
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sel ectively oxidizing said second rai sed sem conductor region to form an
oxi di zed portion above said second raised sem conductor region;

sel ectively renoving said oxidized portion of said second raised

sem conductor region, wherein said step of selectively renoving said
oxi di zed way 2008/W489245ai d second rai sed sem conductor reg@@EUSLEI4/038038N
said first and second rai sed sem conductor regions having differing

hei ghts; and form ng a di sposabl e sidewal |l spacer adjacent to said gate

el ect r odesesédtively WxRlizMg €did k@cor@pr'ats%&ls@HlébrﬂU@tw regiohabdor &8 bxiaized pereAd
rai sed sem conduct or re i ons. met hod, conprising: epitaxially grow ng

a first aaRP'g Sgldssvand %eé’osegéﬁ‘?rtfjb‘ RPN E8LP™ 288 on above a first and a
second sem conductor region, respectlvely, wherein at | east one of said
first andE%%gond sem condyct ions conprises a structural el enent

ext endi ng>SERVEY JeTgying 2 Px'g'éﬁ sef s S%%F?'S?Qrﬁ%%{lﬁ’é‘?w redefons

and wher eivhersmi éalstsms:bﬂrsalecwewrwﬁoxﬁméidsmd@ed 9aitien edfeéétd Q86on3t Faiseur €;
formng an oxi F‘tﬂ%n mask aove ral se sem con UCtOI‘ re IOI’]

wher ei n 3P rePRyESH 'fﬁh%'T‘{Jﬁeé-‘Q”Gé%%q 8THEPEURIQE ke VIR
sel ect i vedifferirgnmvightg sai d mask |ayer from above said second sem conduct or
region; 19 WO 2005/ 045924 PCT/ US2004/ 031038 selectively oxidizing said
second rai sed sem conductor region to forman oxidized portion above said
second rai sed sem conductor region; and selectively renoving said oxidized
portion of said second rai sed sem conductor region, wherein said step of
sel ectively renoving said oxidized portion of said second raised

sem conductor region results in said first and second rai sed sem conduct or
regions having differing heights. 20
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