POLY PROFI LE ENG NEERI NG TO MODULATE SPACER | NDUCED STRESS FOR DEVI CE
ENHANCEMENT CROSS REFERENCE TO RELATED APPLI CATI ON [ 001] This application is
a divisional application which clainms benefit of co- pending U S. Patent
Application Ser. No. 11/865,563 filed on Cctober 1, 2007. The
afore-nentioned application is incorporated herewith by reference inits
entirety. 10 BACKGROUND COF THE | NVENTI ON [2] The present invention
relates to a method of fabricating sem conductor structures and, nore
particul arl ﬁ@ to a nmethod of enhanci ng 15 sem conduct or devi ce performance
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[ 005] I n dritieetyMTI’ process, the stress effect fromthe highly tensile nitride
300%8 | ayer is enhanced and nenori zed by well-controlled poly gate

BACKGROUND OF THE INVENTION

[002] The present invention relates to a method of fabricating
semiconductor structures and, more particularly, to a method of enhancing

16  semiconductor device performance by modulating spacer induced stress.

[003] Minimum feature sizes of CMOS semiconductor devices are
continuously being reduced. To overcome limitations of the scaling of CMOS
devices various techniques have been developed to enhance carrier mobility.
One such technique is to induce stress in the channel region to enhance carrier

20 mobility. Various ways to induce stress in the channel region have been
developed including: stress engineering through local strain techniques such as
dual stress liners (DSL), and stress proximity technique (SPT); process induced
strain methods such as stress memorization technique (SMT); and recessed
SiGe source/drain for PMOS.

25 [004] The SPT and DSL techniques have been demonstrated to improve
both NFET and PFET drive currents. The reduced proximity of stress liner due
to the removal of the spacer before the DSL process maximizes the strain
transfer from nitride liner to the channel.

[005] In the SMT process, the stress effect from the highly tensile nitride

30 cap layer is enhanced and memorized by well-controlled poly gate

amorphization and re-crystallization steps.



anor phi zation and re-crystallization steps. [6] United States patent no.
6, 975,006 to Huang et al. discloses the use of recessed first and second
recessed spacers situated on top of first and second poly gate sidewal |

| i ners respectively. The height of the originally formed spacers is reduced
for the recessed spacers. Also, the wwdth of the horizontal part of the
sidewal |l liner is shorter than the width of the spacer. It is asserted that
t he reduced spacer hei ght can reduce the device channel stress. [7] United
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pr edet er m ne egion being'different from and adjacent to, the first
threshold voltages, such as for low, regular and high threshold voltages (LVT,
RVT and HVT respectively). Another disadvantage with prior stress modulating
techniques is that they cannot always be used in combination with other such
technigues.

20 [009] As can be seen, there is a need for an improved method of
modulating spacer induced stress for device enhancement. Further, there is a
need for such a technique which is not complex and with can allow the separate
modulation of stress on various devices of different threshold voltages. Also,
there is a need for a stress modulation technique that can be used in

25 combination with other stress modulation techniques.
SUMMARY OF THE INVENTION

[0010] In one aspect of the present invention, a method of processing a
30 semiconductor device comprises forming a polysilicon film on a semiconductor

substrate; forming a photo resist layer over a first predetermined region of the



5 predeterm ned region: and annealing a gate fornmed on the inplanted
polysilicon film [0011] I n anot her aspect of the present invention, a

nmet hod of processing a sem conductor device conprises: formng a
polysilicon filmon a sem conductor substrate; form ng a photo resist |ayer
over a first predeterm ned region of the 10 sem conductor substrate;
formng a mask over the first predeterm ned region of the sem conductor
substrate; ion inplanting the polysilicon filmover a second predetermnm ned
region of the sem conductor substrate, the second predeterm ned region

bei ng diseMmicemdudtenaybdrade;dormingre mask over the fisst predetermindcheegioregf on; and
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substrate; a drain in the sem conductor substrate; and a gate on the
seni condiedeieraingst rgoion t bringatdéfferant nfjosul gindg adjaeswll Ite. the [fostL3] These
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shows a cross-sectional representation of a transistor fabricated according
to a fi 991 Hnbodnrtathes asnast of theseressatinyentien. oMb of prasepsieg ént
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modul at isngstrateh) dornoihgta ehptoessist layaremidranfirst predetermined region of the
10  semiconductor substrate; forming a mask over the first predetermined region of
the semiconductor substrate; ion implanting the polysilicon film over a second
predetermined region of the semiconductor substrate, the second
predetermined region being different from, and adjacent to, the first
predetermined region; and annealing a gate formed on the implanted
15  polysilicon film.
[0012] In accordance with a further aspect of the present invention, a
transistor comprises: a semiconductor substrate; a source in the semiconductor
substrate; a drain in the semiconductor substrate; and a gate on the
semiconductor substrate, the gate having bulging sidewalls.
20 [0013] These and other features, aspects and advantages of the present
invention will become better understood with reference to the following

drawings, description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
25
[0014] Figure 1 shows a cross-sectional representation of a transistor
fabricated according to a first embodiment of the stress modulating method of
the present invention;
[0015] Figure 2 shows a cross-sectional representation of a transistor
30 fabricated according to a second embodiment of the stress modulating method

of the present invention;



[ 0016] Figure 3 shows a cross-sectional representation of a transistor
fabricated according to a third enbodi nent of the stress nodul ati ng net hod
of the present invention; [0017]Figure 4 is a mcrograph of a cross-section
of a PFET transistor gate showi ng the effect of the stress nodul ation

met hod of the present invention; [0018]Figure 5 is a mcrograph of a
cross-section of an NFET transistor gate showing the effect of the stress
nodul ati on net hod of the present invention; and [0019] Figure 6 shows a fl ow
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'ng this method the SRAGE HEMMSETION OF THE INVENTION

[0020] The following detailed description is of the best currently
15 contemplated modes of carrying out the invention. The description is not to be
taken in a limiting sense, but is made merely for the purpose of illustrating the
general principles of the invention, since the scope of the invention is best
defined by the appended claims.
[0021] Broadly, the present invention may be advantageously used in
20 semiconductor fabrication processes for producing devices having high carrier
mobility. The present invention may also be advantageously used in CMOS
device fabrication where it is desired to induce and modulate the stress in the
channel region.
[0022] Embodiments of the present invention may provide a method to
25 improve carrier mobility by modulating the stress in the channel region of a
transistor. To accomplish this, the present invention may employ different
Germanium (Ge) implant conditions to the poly gate, followed by subsequent
source/drain anneal. As a result of this process, the shape of the poly gate may
be changed, which induces stress on the adjacent spacer thereby inducing
30 stress on the channel. Furthermore, using this method the spacer induced

stress in the channel may be controlled for various devices on a wafer



stress in the channel may be controlled for various devices on a wafer

i ndependently, for exanple for LVI, RVT and HVT devi ces. Anot her advantage
is that the process can be relatively sinple, as conpared to other

techni ques for inducing channel stress. A further advantage is that the
present invention can be incorporated and used together wi th various other
stress enhancenent techni ques, such as SMI. [0023] Prior art sem conductor
fabrication nmethods for inducing channel stress were relatively conplex and
did not enploy different Ge inplant conditions to the poly gate, followed
by subseqdemnmmwroﬁ@mplamreldw NV T[a00RA Y Fidavices. | Anather advastiage
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structures.
15 [0025] Referring now to Figure 1a, at this stage the transistor structure 10
may comprise a semiconductor substrate 14 having an N-well 16 and a P-well
18 separated by dielectric isolation structures 20. The region of the
semiconductor substrate 14 containing the N-well 16 is the target, or PFET
region 17. The region of the semiconductor substrate 14 containing the P-well
20 18 is the non-target or NFET region 19. When the semiconductor structure 10
is complete, as shown for example in Figure 3a, it can be a PFET device.
[0026] A gate oxide layer 22, which may comprise silicon dioxide, may be
formed overlying the semiconductor substrate 14. The gate oxide layer 22 may
be formed by thermal oxidation or by chemical vapor deposition (CVD). A
25 polysilicon layer 24 may be formed over the gate oxide layer 22, which will
eventually be used to form the gate of the transistor structure 10. The
polysilicon layer 24 may be deposited using, for example, a low-pressure
chemical vapor deposition (LPCVD) process.
[0027] A photo resist layer 26 may be deposited over the NFET region onto
30 the polysilicon layer 24 using conventional techniques well known in the art,

such as spin-coating the photo resist, followed by the lithographic process of



30t he polysilicon layer 24 using conventional techniques well known in the
art, such as spin-coating the photo resist, followed by the |ithographic
process of exposing the resist using a photo-reticle (mask) and then
devel opi ng away the exposed resist. An inplant nmask 28 may be pl aced over
t he photo resist |ayer 26. The mask 28 may be made of a material suitable
for blocking the ions subsequently inplanted into the polysilicon |ayer 24
as descri bed bel ow. [0028] Once the transistor structure 10 has been forned
with the abo i I poly
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The 13 angkggor structure 10 may then be pr ocessed in accordance with
conventional CMOS fabrication techniques to conplete the device, as
descri befP029]nor dhecBai nmpartbahonrm/ékv%poly@é@ansl@y@fﬂ &Y thpPFfﬁl'rHﬁ@ ation
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30[0 udes the sa enents as 1I'n Figure except that
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For example, when performing the ion implantation on the polysilicon layer 24

for an HVT device, the mask 28 may be configured to block the polysilicon
layers for the non-HVT devices. In this way, the different Ge dose and energy

20 can be applied to the polysilicon layers in the HVT, RVT and LVT devices.
[0030] The transistor structure 10 may then be processed in accordance
with conventional CMOS fabrication techniques to complete the device, as
described in more detail below. However, because of the ion implantation that
was performed on the polysilicon layer 24 in accordance with this embodiment

25 of the invention, when the reoxidation and source/drain anneal steps are
performed, the shape of the gate formed from the polysilicon layer 24 may be
altered, in particular, the gate may have expanded regions. It is this change in
the shape of the gate that may induce stress in the channel region as described
in more detail below.

30 [0031] Figure 1b, includes the same elements as in Figure 1a except that
the mask 28 may be positioned over the PFET region 17 and the ion



inplantation 30 is perforned on the polysilicon |ayer 24 over the NFET

regi on where the gate will be fornmed. Wen the sem conductor structure 12
is conplete it can be an NFET device. [00321Fi gures 2a and 2b show
cross-sectional views of partially fabricated CMOS transi stor structures
32, 34 respectively, in accordance wi th another enbodi nent of the

i nvention. The CMOS transistor structures 32, 34 differ fromthose shown in
Figures la and Ib in that they are shown at a | ater stage of processing.

Al so, the poly anorphorization ion inplantation of the present enbodi nent
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1 a and . [10033] Ref r sp fic I to Figure 2a, at thjs stage,

t he traryglh%feoihest 'ﬁeb%Z{O d mbﬁge %ﬁ’g’&&o {i‘éﬂﬂar%ésss

havi ng ajonblee] ik cae b@ryzh NFE-TV\@é\},Cé38 separ at ed by dielectric isolation

structures 40. The region of the sem conductor substrate 33 containing the
g

N-wel | 48082] t heFigRES 2agincin2la showsrhes-segfianal afewsef patiatiy fahricated

oxi ab | S SRR, e <o BBed b, Do AR Mt op R Euer Ty ng

the senmgmbsinient fubst habatics. The QDS wahdi%tdramaé@sr@x Ba digeped by
t her mal OXI dation or by chem cal vapor deposition (CVO. A 20po| ysilicon

gate 48 fra) these shawa lbf'%ﬁﬁe?mﬁﬁ@ 1% ipdhgkthaycaie showe at Bdetarstager med
over the aaheeKihd'e AIQY Sthe*BolySiMErtORLERSA R ImbRAMHA EFthe present

embodiment may be performed at a later stage than in the embodiment shown
10 in Figures 1a and 1b.
[0033] Referring specifically to Figure 2a, at this stage, the transistor
structure 32 may comprise a semiconductor substrate 33 having an N-well 36
and a P-well 38 separated by dielectric isolation structures 40. The region of
the semiconductor substrate 33 containing the N-well 36 is the PFET region 42.
15 The region of the semiconductor substrate 33 containing the P-well 38 is the
NFET region 44.
[0034] A gate oxide layer 46, which may comprise silicon dioxide, may be
formed overlying the semiconductor substrate 33. The gate oxide layer 46 may
be formed by thermal oxidation or by chemical vapor deposition (CVD). A
20 polysilicon gate 48 may be formed by patterning a polysilicon layer that was
formed over the gate oxide layer 46 using conventional techniques.
[0035] A photo resist layer 50 may be deposited over the NFET region 44
onto an area of the semiconductor substrate 33. The photo resist layer 50 may
be formed over a polysilicon gate 52 formed over a gate oxide layer 54 using
25 conventional techniques well known in the art, such as spin-coating the photo
resist, followed by the lithographic process of exposing the resist using a photo-
reticle (mask) and then developing away the exposed resist. An implant mask
56 may be placed over the photo resist layer 50. The mask 56 may be made of
a material suitable for blocking the ions subsequently implanted into the
30 polysilicon gate 48, as described below.

[0036] Once the transistor structure 32 has been formed with the above-



[ 0035] A photo resist |layer 50 may be deposited over the NFET region 44 onto
an area of the sem conductor substrate 33. The photo resist |ayer 50 may be
formed over a polysilicon gate 52 forned over a gate oxide | ayer 54 using
25 conventional techniques well known in the art, such as spin-coating the
photo resist, followed by the |ithographic process of exposing the resist
using a photo-reticle (mask) and then devel opi ng away the exposed resist.
An i npl ant mask 56 nay be placed over the photo resist |layer 50. The mask
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speci ficakligeto Figure 3a, at this stage, the transistor
[0038] Figures 3a and 3b show cross-sectional views of partially fabricated
CMOS transistor structures 58 and 60 respectively in accordance with another
embodiment of the invention. The CMOS transistor structures 58, 60 differ
20 from those shown in Figures 2a and 2b in that they are shown at a later stage
of processing and the poly amorphorization ion implantation of the present
invention may be performed at a later stage than in the embodiment shown in
Figures 2a and 2b.
[0039] Referring specifically to Figure 3a, at this stage, the transistor
25  structure 58 may comprise a semiconductor substrate 62 having an N-well 64
and a P-well 66 separated by dielectric isolation structures 68. The region of
the semiconductor substrate 58 containing the N-well 64 is the PFET region 70.
The region of the semiconductor substrate 58 containing the P-well 66 is the
NFET region 72.
30 [0040] A gate oxide layer 74, which may comprise silicon dioxide, may be

formed overlying the semiconductor substrate 62. Two polysilicon gates 76



25 structure 58 may conprise a sem conductor substrate 62 having an N wel |
64 and a P-wel|l 66 separated by dielectric isolation structures 68. The
regi on of the sem conductor substrate 58 containing the N-well 64 is the
PFET region 70. The region of the sem conductor substrate 58 containing the
P-well 66 is the NFET region 72. 30[ 0040] A gate oxide layer 74, which may
conprise silicon dioxide, may be fornmed overlying the sem conduct or
substrate 62. Two polysilicon gates 76 may be forned by patterning a
polysilicon |ayer that was fornmed over the gate oxide |layer 74 using
convent innaybetfeohad dyegatterhingt apofysilicon| layemthghwas fegnedpvee theogated over

the PFET rgegion 70, and over the T .region . {0041) Source 78 d drain
80t egi SRITEY ek COLECT AR P GO RRT 108 NREFODBIEBRTES 122 usi ng
convent ipAabefeGREd BUGSthe RFIEMEGIBAFI0 ShdeVEr the NFEESgi8R.7284 al ong wi th
conventional sidewall liners 86, 88 may be fornmed on each side of both

pol ysi | i[8@Mljat eSouEe 1aad draipHist waiers maylhayerdezn feayeddn depb6FTed over

the Bol e EeT BGRB8 18 FifsSuw UuprohRREES. HortiRidaycpr over' M
convent ispaakrd 8284 8@y Wit LomtidniansitiBRallihers/86TE88mM3Y beforiedriraced over
the photo resist |ayer 50. The mask 92 may be nmade of a nmaterial suitable

for bl o&achgideef beispalysiicnedesy . npl anted into the polysilicon gate 48

w th ndo8ERL o Rnard BFRCRORL B Tmbl s e AT R P L ARTeREL T2 DO

anor phorgnt@ahaiteh o thérpidoridueto refuditraty 3D eopatrigtheasblydilicscgatdatece Wit h
this enbodi ment of the invention. In particular, Ge" ions 94 nmay be used
f or 1Phe dignpseddvenithe NEE ks ragion @2nesing spsventipnal teshpisiugsdell keov Stussed

above w r I J j J , en
ubsequilt a9 bt STBRIECIREE (A2 BRI fslet R S0 ST R o2

pol ysi | imay lyat madé Ir!ﬁ_ya ahategia) $ujtab¢e<ameI @loglyingx}hmdmtg éLdIsegaémtw ibnd _
certain . regions. resulting.in stress in the chanpel region as described in
more det'@P arg%éHW%WQS[}gi“ﬁo'&géﬁrﬁgﬁs q?a?ﬁ’ﬁ@?dgégd\éscr?bed along with the
enbodi howAni j 5at ' j 3

per f or gggbﬁ%fngV@gngtﬁ%Q%@zﬁ&gﬁgngﬁﬁ g5iSer?§? (?I% Iegmn%('qﬁ quggﬁ)gﬁ segggnt
annéél i mpspribed Sedtesys usingochriventibaeak tepbeaicquiest hepqyplgmotphooratiat &©rv6 and

Sane o ARBIALAUE piEPeg e RerTermbil HATCEHE HASK B SRST BlenbOEE aned
over thenrEbn! 88l iHidla” et RBisi M may be used for the ion implantation step.
Other ions may also be used. As discussed above with regards to the
embodiments shown in Figures 2a and 2b, when subsequent annealing
20 processing takes place, the shape of the polysilicon gate 76 may change, for
example by expanding laterally in certain regions resulting in stress in the
channel region as described in more detail below. Also, in a similar manner as
described along with the embodiments shown in Figures 2a and 2b, the Ge
implantation may be performed using varying doses and energies followed by
25 subsequent annealing process(es) to modify the shape of the polysilicon gate
76 and thereby modulate the stress in the channel.
[0044] Figure 3b, includes the same elements as in Figure 3a except that
the mask 92 may be positioned over the PFET region 70 and the ion
implantation 94 may be performed on the polysilicon gate 76 over the NFET
30 region 72. When the semiconductor structure 60 is complete it can be an
NFET device



i npl antation 94 may be perforned on the polysfficon gate 76 over the NFET
30 region 72. Wen the sem conductor structure 60 is conplete it can be an
NFET device [0045]Figure 4 shows a tunneling electron m croscope (TEM

i mge 96 of a cross-section of a PFET polysilicon gate 98 show ng the
effect of the stress nodul ati on techni que of the present invention. In
particul ar, when processing the transistor structures according to the
present invention as shown in Figures 5 1 a, 2a, and 3a, the resulting

PFET devj y have a, pplysilicon.gat ' 0 1 €O tor
cubst rat OGS v « £ os " REGUS A b RRUEE s ionl AR T M PRI 88 571 0
shows t hatcrbiessitish eflaesreT gdnsildny gatel 99 BhG@INY B8 &ffddt df hike Gereson

i npl antation performed on it nmay have expanded in_an upper portion 101

after subasylation teshniseiedefathe prieseal INVRNHRR ol ARECURN WNERePTIFESERE 10
inventio Qur sl te 98
w ¢ nout *Ties TRAS B sHREIERE 4BedioRle, (o erbiSeRtifGentn ac SnBRh i FOGEE, 9FC
EIOIOGLS p%gh,! Qa, _Ja(ihtil 3ad tle Irem@tig@@iﬁi'ﬁmm nfédne have ga melysilicohegated@8 gaused
t he lon i ant ati on and subsequent anpeal, nmay cause ipcrease
resi dual di?@ﬁﬁ?@%i%éeg't'?%qqm trafka 9 vt s & %%BYOdchfﬁSfééﬁBWH? "W t hin
the 15 efl&aNduEhBLr $88ShbRsRNSPthe Uit BULES of the oy iRtIPbateaTyWARL & | S
due to |l o I zéd expansion of the polysilicon gate during The
r e- cr yst &d Gedbn impantatesspefiaiment oniitsmay hang exparddd imgpragppérepdrtiphant ed Ge
ions that are_larger than the Sj, atons attenpts tp fit intg the Si .lattice.
I‘I'hi s bul apﬁgaﬁ%f ﬁggﬁ%‘ﬂ‘ﬁ ﬁ%‘éffe{qﬁ@'_“t apngel ﬂﬂ%cﬁ%{}ﬁclﬁi Yf’hﬁ 8}5 @??féalrgegaulsge
the pgakRlntibs. | OBhBOF 9G2Cndv $hatsthkosiak efiged bnpar pdipsilidan gafe bBe PFET

polysilicon gate. Diagranmatic lines illustrating the forces causing this
stress amithalitthe Geuionrimplantatioripgiioemed amitgamainsuflal in bothdseuPeshow t he

outward | atera orces on the. adj - t..sho | 6 show
t he dOV\n\R/QFtlﬂ)r\/LQ{ ?eglaﬁpw%gg,ﬁlogg’ﬁ ?ﬁ@%%@@ﬁ%‘éﬁgﬁ%@ﬁ #V\.l/%asfeg t})g&%r% forces
exerted idh tikplahtanoe! ami t Bubsdduens eanssudunapr caudestinaieaséd. residual

25[ 0046] Figure 5 shows a tunneling el ectron mcroscope (TEM. i_mag{e 110 of a
cross- secoMpressivansiessT bl (e | frarsistgat ehannels{Bak nshawe) eWiie: 1B t he

stre .at | e i t nt_ i |, OF rti , when
pr ociisrﬁgﬂ"girk@??ﬁs%@ééwgt %‘ct ﬁ?‘ eeg bg@%oﬁnditﬁ% ()W%Ebeo nlp ggégr{% %ggti on as
shown i n|ddafizee expabsiodlnf the poBsiliconegate sddringrniye MEEETystelizatompyodease a

polysil (t:r?ar]c c?c%h?s éarzing annealing as the implanted Ge ions that are larger than the
Si atoms attempts to fit into the Si lattice. This bulging is primarily near the top
of the polysilicon gate 98 because the peak of the implanted Ge ions is located

20 near the top of the PFET polysilicon gate. Diagrammatic lines illustrating the
forces causing this stress are also illustrated in Figure 4. In particular, lines 104
show the outward lateral forces on the adjacent spacer (not shown), lines 106
show the downward vertical forces, and lines 108 show the inward lateral forces
exerted in the channel within the semiconductor substrate 99.

25 [0046] Figure 5 shows a tunneling electron microscope (TEM) image 110 of
a cross-section of an NFET polysilicon gate 112 showing the effect of the stress
modulation technique of the present invention. In particular, when processing
the transistor structures according to the present invention as shown in Figures
1b, 2b, and 3b, the resulting NFET device may have a polysilicon gate 112

30 disposed on a semiconductor substrate 114 with its shape modified as shown in

Figure 5. Contour 116 shows that the side edges of the polysilicon gate 112
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30 di sposed on a sem conductor substrate 114 with its shape nodified as
shown in Figure 5. Contour 116 shows that the side edges of the polysilicon
gate 112 with the Ge ion inplantation perforned on it may have expanded in
the | ower portion 103 after subsequent source/drain anneal in accordance
with the present invention. Contour 118 shows that the side edges of the
polysilicon gate 112 without the Ge ion inplantation perfornmed on it remain
flat in upper 5 and |lower portions 101, 103. The bul ging of the sides
caused by the Ge ion inplantation and subsequent anneal, may cause

i ncr easedth &3 Gealont ienglantation mestormedt ore it mmshas/eoexrxamaladejh thadowshown)

hi h ct bstrate 114, t | b b
or i IPTHEE RO, ShnsaiR: S urslirine ahial § AbsontateRs B ok of
the i ”’plpﬁféé@ﬁt Reh@o1s '@odt@&ﬁﬁ ¢9 dHRls #ht t‘hBes@é’teto@@socﬁf fnle (leﬁTcon

polysilicon gate. Diagrammatic lines illustrating orces causing this
stress &ate dl12owithpulstheabedonrimpilantatios pearfonemed 1<2‘D Its‘ﬂmﬂlm Hlat dutpged | at er al

ver t Soartheh P bR 198263, DRt SRS St har i PR P S SR Lo 1
t he chanmglantbtidn raddheubsdd o daishadl, shdpidaake ihérbasél (LA Heaitee 6 shows

a flow chart of a process 126 of nodul at’in spacer induced stress in

accor darfé@s#iif ihe f@nsisidthanme! orotisiowmweiin dhe spriesiiciaresubsyalts wi th

th { d st
i nstop. 126, EoPaRURfy ahRp pelaid IR8L A8 WEDAN RS % IR BB Shown n
IFl gur es padysilidon %}thelzﬂgamecatbﬁe tpétpeak cfﬁ t@un&%la?ﬁecti A1) |ohsp§¢ﬁdaté@ﬁbtéi V\EO

ayer e ied ov e transi stor substrate in areas exce ere
t he 1Par gBe %ﬁ?ﬁﬁ e NEET Rplvaiieer gadel demasmenatisnings ilkstsalély ¥%0. For
exanpl e’foFdé'sSci[EYngg rs'tr'é§? :%gé’ta@sd ﬁlﬁ‘sﬁéte%‘sm I5|§uﬂar 509, ﬂ%éqgﬁs wigve. In

step 132 a nmask nE e app over the sane area as e O resist. This
may conmitwerd faberatfencps en tnesidjasentoépaner JRodsisoms)s ideal@2eshdwthe

inplantation, ste 34 ma hen erforme ate area, such
as ion |"1Pﬁﬁa£ t‘@ﬁ"t%rh %rﬁé85@¥% 13$§(% g‘@ %l-g%“gj %t?rai?%ge% eRgd I
processitpg cﬁénh@l&u‘iﬁ:ﬁ'ﬂﬁé §éﬁh"cd#ﬂ¥|b€& é%\étrﬁﬁeeﬁ’%rp' eted in a conventional

manner, [00481Thus, it may be seen that present invention nay provide a
met Abd dﬂoﬁ)]dul alFlgnm Soars arikd:uceﬂaﬁtafeasprdn:yess dR6i cnfp1naduia|t|ggtsipacer

ndice A9l sREtTIn SRrace WARars Frtcpdien] Sf B Belion, dudehss (o

channel 12 @é@]ﬁ@@ﬁtfﬁ@a@écﬁfvenﬂ@@él'brbﬁes%ﬁ_@ df%cmrhfasﬁduétosbuséﬁaﬁge gan be
separately inplanted to HVT, devices to suitabl

i ndependigsired stage nystepe 2380l e examplegmeapmcessmg nay betugi to thca@tmu red
S oo RRILBARIeORRL PANAD S EQlres 2 W) b FiRURY 50, % “ATSHG 988t ©
20 layer may be applied over the transistor substrate in areas except where the
target gate to be ion implanted is located as shown in step 130. For example,
this may comprise photo resist 26, 50 or 90 discussed above. In step 132 a
mask may be applied over the same area as the photo resist. This may
comprise, for example, mask 28, 56 or 92 discussed above. lon implantation,
25 step 134, may then be performed to the target gate area, such as ion
implantation 30, 58 or 94 discussed above. In step 136 the processing of the
transistor device may be completed in a conventional manner.
[0048] Thus, it may be seen that the present invention may provide a
method of modulating spacer induced stress by ion implanting the polysilicon
30 gate. The resultant change in the shape of the gate may induce stress on the

spacers, which in turn may increase stress in the channel to enhance carrier
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exenpl ary enbodi rents of the invention and that nodifications may be nade
W t hout departing fromthe spirit and scope of the invention as set forth
inthe following claimts. WE CLAIM 1. A device conprising: a
substrate defined with a first transistor region for a flrst transistor of
a first type and a second transistor region for a second transistor of a
second type, the substrate is prepared with a first gate of the first
transi stor being disposed in the first region, a second gate of the second

ol udesaPREy. B e b i asTee 3 Pbr ok eperctely g fRI R eSS (han
a total RTCkResyTevitss {d sstablpbed irdebendenty ewify dat @olysiicodemtesecond
i ons and expands at a second target region which is less than a

total thprHiretosokinin the desiieddayigecperiomancs and aehdncesietar get region is in
a differ orti.on of .t n o t i The

devi ce ofdbgl im it \‘m@r‘lgi ﬁgtﬁﬁe?ft%té? totzgp"g)e &%’eg%(t)r%ﬁlégsfe ﬁﬁd Sglgéerszg)%rti on of
the gat eexdiplady ehfsodigienteobthecinaemich whdrtaat mduificatioss nayabsirsade is a
p-type transistor and the first stress is g cor}glressive streaﬁ.. tﬁl' The
devi ce owitbpul departing feam thaespintrand sepre ebihs inventen gs sgt forh 4n the

20conbi nati.qf f. 5. The device of claim1 wherein the expansion at

t he secoﬁ%‘ot%%@?hﬁge{gi on causes a channel of the second transistor in the
substrate under the second gate to have a second stress to inprove dopant
mobility of the second

-12-



25transistor. 6. The device of claim5 wherein: the first target region is
in a lower portion of the first (late; and the second target region is in
an upper portion of the gate. 307. The device of claim6 wherein: the first
transistor is a n-type transistor and the first stress is a tensile stress;
and the second transistor is a p-type transistor and the second stress is a
conpressive stress. 35 8. The device of claim5 wherein the first and
second ions conprise Ge or Xe or a conbination thereof. 9. The device of
claim8 wherein the first and second ions conprise the 40sane type of ions.
10. A deMiEc€LAdbvtpri sing: a substrate defined wwth a transistor region for a
transistor, the substrate is prepared with
1. A device comprising:
a substrate defined with a first transistor region for a first transistor
of a first type and a second transistor region for a second transistor of a second
type, the substrate is prepared with
a first gate of the first transistor being disposed in the first region,
a second gate of the second transistor being disposed in the
5 second region,
the first gate includes first ions and expands at a first target region
which is less than a total thickness of the first gate, and
the second gate includes second ions and expands at a second
target region which is less than a total thickness of the second gate,
10 wherein the first target region is in a different portion of the gate than the

second target region.

2. The device of claim 1 wherein the first target region is in an upper portion
of the gate.

15
3. The device of claim 2 wherein the first transistor is a p-type transistor

and the first stress is a compressive stress.

4. The device of claim 1 wherein the first ions comprise Ge or Xe or a

20 combination thereof.

5. The device of claim 1 wherein the expansion at the second target region

causes a channel of the second transistor in the substrate under the second

gate to have a second stress to improve dopant mobility of the second
25 transistor.

6. The device of claim 5 wherein:

the first target region is in a lower portion of the first gate; and

13-



45a gate of the transistor being disposed in the transistor region, and

the gate includes ions and expands at a target region of the gate, wherein
t he expansion of the gate causes a stress to be applied to a channel of the
transi stor under the gate, the transistor is a n-type 50transi stor and the
gate has sidewal I s having a | ower portion and the distance between the
sidewal s at the |ower portion of the gate is increased. 11. The device of
claim 10 wherein the expansion of the gate includes S5upward forces on the

substrate adj acent taq .the ate i a substrate, the
substrate incﬁlﬁj rtg{ge[t %%'QPéttﬂa’ngﬁ%'l 8‘?’6@8[8?1; é?ﬁ; transi stor of
a first type and a second transistor region for a second transistor of 60a

second type, the substrate is prepared with a first gate of the first
t ran3Q st ér belThg dgvisectedrimb wereing st regl on, a second gate of the second

t t h
first gate inbioacs PR B 2 EpEPRIIET AR ne It strogp o 2 terefe o °

65t han astrggglartdhl ckness of the first gate, t he second gate incl udes
second ions at a second tar %ron which is Iﬁst%et han tot al. thickness

of the second”’@ﬁ@co%éﬁaéﬁﬁ Q"h'§ 3 rlypetRnRistor & i geqo,q SRS r 8nt

portion rddian the second target region, 70the first target
regi on O?Bﬁﬁ)?g?l rs gate expands to cause a channel of the first transistor
in tde substrate under the first gate to have a first stress to inprove

dopant n%bl : LI')(tecgevtlc:reeo é:lfalsntw Wﬁgl’%ll’?tt 1“|rs€tl and second ions comprise Ge or

Xe or a combination thereof.

9. The device of claim 8 wherein the first and second ions comprise the

40 same type of ions.

10. A device comprising:
a substrate defined with a transistor region for a transistor, the substrate
is prepared with
45 a gate of the transistor being disposed in the transistor region,
and
the gate includes ions and expands at a target region of the gate,
wherein the expansion of the gate causes a stress to be applied to a
channel of the transistor under the gate, the transistor is a n-type
50 transistor and the gate has sidewalls having a lower portion and the
distance between the sidewalls at the lower portion of the gate is

increased.

11.  The device of claim 10 wherein the expansion of the gate includes

55 upward forces on the substrate adjacent to the gate.

12. A device comprising:

a substrate, the substrate includes first transistor region for a first
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the second target region of the second gate expands to cause a

channel

of the second transi stor

75t 0 have a second stress to inprove dopant nobility of the second
13. The device of claim 12 wherein: the first target region

transi stor.
conprises a |ower portion of the first gate;

in the substrate under the second gate

and 80t he second target region

conpri ses an upper portion of the second gate. 14. The device of claim12

wher ei n: :
the first stress conprises a tensile stress;

gat e;

the first target region conprises a |lower portion of the f
85t he second target

i rst

regi on doansistoesf arirstgpes apdra segonsk transistoe cagion frrta seeont! trhesistocofid stress
co i se sgive .S s.. . 15. Th vice of claim 14 wherein:
fir ![b ty%gg%%rﬁ%&pge@en&%@?gé?n@'epﬁéecgwgﬁnd type conprises p-type.
devi ce of clai m 123 iikggatdof the first B4ndiStBP bERFIIisSEs<Einthe XPst?bgidn,

65

70

75

80

85

a second gate of the second transistor being disposed in the
second region,

the first gate includes first ions at a first target region which is less
than a total thickness of the first gate,

the second gate includes second ions at a second target region
which is less than a total thickness of the second gate, wherein the first
target region is in a different portion of the gate than the second target
region,

the first target region of the first gate expands to cause a channel
of the first transistor in the substrate under the first gate to have a first
stress to improve dopant mobility of the first transistor, and

the second target region of the second gate expands to cause a
channel of the second transistor in the substrate under the second gate

to have a second stress to improve dopant mobility of the second

transistor.

13.

14.

and

15.

The device of claim 12 wherein:
the first target region comprises a lower portion of the first gate; and

the second target region comprises an upper portion of the second gate.
The device of claim 12 wherein:

the first target region comprises a lower portion of the first gate;

the first stress comprises a tensile stress;

the second target region comprises an upper portion of the second gate;

the second stress comprises a compressive stress.

The device of claim 14 wherein:

-15-
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16. The



conbi nati on t hereof.

95 17. The device of claim 12 wherein the second ions

conprise Ge or Xe or a conbination thereof. 18. The device of claim 12
wherein the first target region is in a |lower portion 100of the first gate.
19. The device of claim 18 wherein the first transistor is a n-type
transistor and the first stress is a tensile stress. 20. The device of
claim12 wherein the first and second ions conprise the sane type of ions.

90 the first type comprises n-type; and

the second type comprises p-type.

16. The device of ciaim 12 wherein the first ions comprise Ge or Xe or a

combination thereof.

95

17.  The device of claim 12 wherein the second ions comprise Ge or Xe or a

combination thereof.

18.  The device of claim 12 wherein the first target region is in a lower portion

100 of the first gate.

19. The device of claim 18 wherein the first transistor is a n-type transistor

and the first stress is a tensile stress.

20. The device of claim 12 wherein the first and second ions comprise the

same type of ions.
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