POLY PROFILE ENGINEERING TO MODULATE SPACER INDUCED STRESS FOR DEVICE
ENHANCEMENT BACKGROUND OF THE INVENTION 5 [1] The present invention relates to a
method of fabricating semiconductor structures and, more patrticularly, to a method of enhancing
semiconductor device performance by modulating spacer induced stress. [2] Minimum feature sizes of
CMOS semiconductor devices are 10 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 mobility. Various ways to
induce stress in the channel region have been developed including: stress engineering through local

strain techniquePOLON PROF B ENGINEERING 30 . MODYLATE SRAGERRINDUGE(SPT); process
induced strain methods such ag siress m rization techni W&%T& nd recessed SiGe
source/drain for PMOS. [3] Th iﬁ%f g@@@ﬁﬁ%ﬁﬂﬁ% 3 fmonstrated to improve both
NFET and PFET drive currents. The reduced proximity of stress liner due 20 to the removal of the
spacer before the DSL process imi stu trai ri }; itride liner to the channel. [4] In
the SMT process, the stress effer%mé%g Eﬁﬁgnﬁg EL &@I&yer is enhanced and memorized
by wellscontrolled poly gate amorphization and re-crystallization steps. 25[005]United States patent no.
6,975,006 to Huang et al. discloses the use of recessed first and second recessed spacers situated on
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is shorter than the width of the spacer. It is asserted that the reduced spacer height can reduce the
device charssaigpaguctor device performance by modulating spacer induced stress.
[002] Minimum feature sizes of CMOS semiconductor devices are

10  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
mobility. Various ways to induce stress in the channel region have been
developed including: stress engineering through local strain techniques such as

15 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.

[003] The SPT and DSL techniques have been demonstrated to improve
both NFET and PFET drive currents. The reduced proximity of stress liner due

20 to the removal of the spacer before the DSL process maximizes the strain
transfer from nitride liner to the channel.

[004] In the SMT process, the stress effect from the highly tensile nitride
cap layer is enhanced and memorized by well-controlled poly gate
amorphization and re-crystallization steps.

25 [005] 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 sidewall liners respectively. The height of the originally
formed spacers is reduced for the recessed spacers. Also, the width of the

horizontal part of the sidewall liner is shorter than the width of the spacer. It is



[6] United States patent no. 7,132,704 to Grudowski discloses the use of a tensile nitride spacer to
enhance the NFET device performance. The stress in the tensile nitride spacers film can be adjusted
with selectively or non- 5 selective implantation of xenon or germanium either before or after etching
the spacer film. [7] One disadvantage with prior techniques for modulating stress induced in the
channel region is that they are relatively complex. Another disadvantage is that there is currently no
simple technique, to the inventors' 10 knowledge, to separately modulate the stress on various devices
of different 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 ugsbitecomatinatoedvite o theacerchdigthrighesdlibdAn8ldevien ditaseen sthegs. is a need for
an improve hod of modylating spacer induced stress for device enhancement. Further, there is a
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semicahdugigiedevicmaslanmasies fof xerma pelysiinanifim eithaspafteenduetivesehsitaieitferming a
photo resist layer oyer a first predetermined region of the semiconductor substrate; forming a mask
over the first ‘éﬁrewﬁnined region of the semiconductor substrate; ion implanting the polysilicon film

over a Eecmﬁledet?miéediitfm:amhg@ se?']mi?@n@uc?cﬁuhﬁ@%e,fme ﬁmndtiﬁgeciht@@@ined
region being different from, and adjacent to, the first predetermined region; and annealing a gate
formed on GOHSEied GG RHEUE R0 R0 fo ARt BB UGBy eATBHIS method of

processing @isademierdictpradarisrCcRmuisestJoHviRtngoRe lysditagUBmientBes emvietagsctor
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substiile: f ﬂﬂ\wg il SGRAREH Bl R R oA LY P UEAEYIRES Ry QLR e ion
implanting tirecelyiilicondjespgeich secfddhedequmingddegih widasenichagestar \slibstrate, the
second 10 etermi region being djfferent from, and adjacent to, the first predetermined region;
nd anealtly & 281 Mt SRR GHE A ARG B SRGR HARE Wi prior siress Moduaing
techniques is that they cannot always be used in combination with other such
techniques.
15 [008] 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
20 combination with other stress modulation techniques.

SUMMARY OF THE INVENTION

[009] In one aspect of the present invention, a method of processing a
25 semiconductor device comprises forming a polysilicon film on a semiconductor
substrate; forming a photo resist layer over a first predetermined region of the
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



[0011]in accordance with a further aspect of the present invention, a transistor comprises: a
semiconductor substrate; a source in the semiconductor 15substrate; a drain in the semiconductor
substrate; and a gate on the semiconductor substrate, the gate having bulging sidewalls. [0012]These
and other features, aspects and advantages of the present invention will become better understood
with reference to the following drawings, description and claims. 20 BRIEF DESCRIPTION OF THE
DRAWINGS [0013]Figure 1 shows a cross-sectional representation of a transistor ~ fabricated
according to a first embodiment of the stress modulating method of 25the present invention;
[0014]Figure 2 shows a cross-sectional representation of a transistor fabricated according to a second

embodimenpretidte striessimestyiatingdsinthoditétbatprasent invemticnj§@hb]Figuretdshres a
Cross- sectlor}gld%q[gpransiﬁg&atl?en ?gr? trealﬂ IStgrrmealmg a gate formed on the implanted
polysilicon film.
[0010] In another aspect of the present invention, a method of processing a
5 semiconductor device comprises: forming a polysilicon film on a semiconductor
substrate; forming a photo resist layer over a first predetermined region of the
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
10 predetermined region being different from, and adjacent to, the first
predetermined region; and annealing a gate formed on the implanted
polysilicon film.
[0011] In accordance with a further aspect of the present invention, a
transistor comprises: a semiconductor substrate; a source in the semiconductor
15 substrate; a drain in the semiconductor substrate; and a gate on the
semiconductor substrate, the gate having bulging sidewalls.
[0012] These and other features, aspects and advantages of the present
invention will become better understood with reference to the following
drawings, description and claims.
20
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 shows a cross-sectional representation of a transistor

fabricated according to a first embodiment of the stress modulating method of
25 the present invention;

[0014] Figure 2 shows a cross-sectional representation of a transistor

fabricated according to a second embodiment of the stress modulating method

of the present invention;

[0015] Figure 3 shows a cross-sectional representation of a transistor



fabricated according to a third embodiment of the stress modulating method of the present invention;
[0016]Figure 4 is a micrograph of a cross-section of a PFET transistor gate showing the effect of the
stress modulation method of the present invention; 5 [0017] Figure 5 is a micrograph of a
cross-section of an NFET transistor gate showing the effect of the stress modulation method of the
present invention; and [0018]Figure 6 shows a flow chart of a method of modulating the stress in a
transistor in accordance with an embodiment of the invention. 10 DETAILED DESCRIPTION OF THE
INVENTION [0019]The following detailed description is of the best currently contemplated modes of
carrying out the invention. The description is not to be 15 taken in a limiting sense, but is made merely

for the purplegeichibdstiecnidithg GeaatatdenciRidsdnhefinnentioss simerithatsep peettidbednvention is
best defineﬂ by the a f.ende claims. [0020]Broadly, the present invention may be advantageously
used in semiEoREREET tAbFIAHEBN processes for producing devices having high carrier 20 mobility. The

present invgg@oe]May Rlgareetad @ niagegrmhh usfetl dnocdisabtitayised HFETtipangisese dardesired to
induce and modulate the tressfi the channelée ion. [002}11]0E(Jnt¥oﬂiments of the present invention
may provid& wing ihe gffect of the stress modufation'met of the present invention;
5 [0017] Figure 5 is a micrograph of a cross-section of an NFET transistor

gate showing the effect of the stress modulation method of the present

invention; and

[0018] Figure 6 shows a flow chart of a method of modulating the stress in

a transistor in accordance with an embodiment of the invention.

10

DETAILED DESCRIPTION OF THE INVENTION

[0019] The following detailed description is of the best currently
contemplated modes of carrying out the invention. The description is not to be
15 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.
[0020] Broadly, the present invention may be advantageously used in
semiconductor fabrication processes for producing devices having high carrier
20 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.
[0021] Embodiments of the present invention may provide a method to
improve carrier mobility by modulating the stress in the channel region of a
25 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

stress on the channel. Furthermore, using this method the spacer induced



improve carrier mobility by modulating the stress in the channel region of a 25 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 stress on
the channel. Furthermore, using this method the spacer induced stress in the channel may be
controlled for various devices on a wafer independently, for example for LVT, RVT and HVT devices.
Another advantage is that the process can be relatively simple, as compared to other techniques for
inducing channel stress. A further advantage is that the present invention 5 can be incorporated and
used togethutrogih ivarines cibensiraessignbancentesiidechiviquasiosiscliesicdd To[D02 2W1ier art
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155tructuref. 024]Referring no, iFigure la, at this stage the transistor structure 10 may comprise a
semiconductt SUP %%tg%fﬁaﬁ/ n N-well 16 and a P-well 18 separated by dielectric isolation
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conditions to the poly gate, followed by subsequent source/drain annealing.

10 [0023] Figures 1a and 1b show cross-sectional views of partially fabricated
CMOS transistor structures 10, 12 respectively in accordance with an
embodiment of the invention. It will be appreciated that transistor structures 10,
12 may each be part of a semiconductor wafer (not shown) containing a large
number of identical transistor structures, as well as other semiconductor

15  structures.

[0024] 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

20 region 17. The region of the semiconductor substrate 14 containing the P-well
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.
[0025] A gate oxide layer 22, which may comprise silicon dioxide, may be
formed overlying the semiconductor substrate 14. The gate oxide layer 22 may

25 be formed by thermal oxidation or by chemical vapor deposition (CVD). A
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.



is complete, as shown for example in Figure 3a, it can be a PFET device. [0025]A gate oxide layer 22,
which may comprise silicon dioxide, may be formed overlying the semiconductor substrate 14. The
gate oxide layer 22 may 25 be formed by thermal oxidation or by chemical vapor deposition (CVD). A
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. [0026]A photo resist layer 26 may be
deposited over the NFET region onto 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

eXplosing thfgoes']st usig!gﬁatmdt@{stimﬁéﬁf@%amé?depwr@' dﬁjvgrah@wmeﬁ r@gmb ngr@?ist. An
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e used. [0028]The Ge+ | ntation on the polysilicon layer 24, e ormed 15 using varying
doses and gﬁerg dg}?es&%% B}?thb%égﬁgg ﬁsﬁt@%ﬁ@k%’ﬁ%@%ﬁ@fﬂ?%g&t fid'@N rgies may
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or LVT devices. In one embodiment, these different deyices may be fabricated on the same wafer by
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the polysilicon layers for the non-HVT deyices. In this way, the different Ge ??os and energy can be
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may then bihpepgrssedrnpaetontdnee this embodiment of the invention, Ge* ions 30 may
be used for the ion implantation step. Other ions, such as Xe®, may also be
used.
[0028] The Ge™ implantation on the polysilicon layer 24 may be performed
15 using varying doses and energies depending on the desired results. For
example, different doses and energies may be used for the ion implantation
depending on whether the transistors being fabricated are HVT, RVT or LVT
devices. In one embodiment, these different devices may be fabricated on the
same wafer by using separate masking layers for the different types of devices.
20 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
can be applied to the polysilicon layers in the HVT, RVT and LVT devices.
[0029] The transistor structure 10 may then be processed in accordance
25 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
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



25 with conventional CMOS fabrication techniques to complete the device, as described in more detall
below. However, because of the ion implantation that was performed on the polysilicon layer 24 in
accordance with this embodiment 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. [0030]Figure 1 b, includes the
same elements as in Figure la except that 5 the mask 28 may be positioned over the PFET region 17
and the ion implantation 30 is performed on the polysilicon layer 24 over the NFET region where the

gate will bedhemst].iMVpenituwasethis gadeicielyshiavilexjandad relieiest daislikierchdrige device.
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transistor sirupigresde?aiBBealdter from those shown in Figures la and Ib in that they are shown at a
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iconductor substrate 33 having an N-well 36 P-well 38 ted by dielectric isolati
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region 42. 20Ae reigioyaféshaisiemicdoenedr sWsisatetdd centrdoingube P -sweltlfds tize NFET
region 44. [88%?&&%6}%%%%% Igﬁ\r”_ég,rweigiréemay comprise silicon dioxide, may be
[0031] Figures 2a and 2b show cross-sectional views of partially fabricated
10 CMOS transistor structures 32, 34 respectively, in accordance with another
embodiment of the invention. The CMOS transistor structures 32, 34 differ
from those shown in Figures 1a and 1b in that they are shown at a later stage
of processing. Also, the poly amorphorization ion implantation of the present
embodiment may be performed at a later stage than in the embodiment shown
15 in Figures 1a and 1b.
[0032] 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.
20 The region of the semiconductor substrate 33 containing the P-well 38 is the
NFET region 44.
[0033] 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
25 polysilicon gate 48 may be formed by patterning a polysilicon layer that was
formed over the gate oxide layer 46 using conventional techniques.
[0034] 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



formed overlying the semiconductor substrate 33. The gate oxide layer 46 may be formed by thermal
oxidation or by chemical vapor deposition (CVD). A 25polysilicon gate 48 may be formed by patterning
a polysilicon layer that was formed over the gate oxide layer 46 using conventional techniques.
[0034]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 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 photmvesitibieletebfnithe snask Khowy bethadetobuzh matgsialcoitaiietfer plasiing the ions

b tly impl dinto t ili te 48 ibed below. [0035]Once the transist
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example by expapding later gg/ In certain regjons resulting in stress in the channel region as 15
described iﬁ%@%&aﬁ%%% .%éjc?ﬁﬁr@?gfﬁhé]f)manner as described along with the embodiments

shown in Fi[po85]la andade the Gangiplantetiootoneydze mesforeadioringovaniyinghéoaeswnd energies
to cause exgansi?ﬁn ‘%f the polysilicon gate 52 and her%% modulate tre stress, in the channel.
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[0036]FigurdSst! AHES AL EAIMALIQNG] ERGOLBI Bx B BPtH AP0 TACHELIO8E Bk be
positioned avgidheaRb StegoinnydBeapdioenietlimpiaotation &8 witythis penlosaiettan dhengolysilicon
gate 48 over the NFET region. When, the. semjconductor structyre 34 is complete it can be an NFET
devici. invention.” In r())artlcular, ?ie ions é% may be used for the ion implantation step.
Other ions may also be used. As discussed above in connection with the
embodiments shown in Figures 1a and 1b, when subsequent processing takes
place, the shape of the polysilicon gate 52 may change, for example by
expanding laterally in certain regions resulting in stress in the channel region as
15 described in more detail below. Also, in a similar manner as described along
with the embodiments shown in Figures 1a and 1b, the Ge implantation may be
performed using varying doses and energies to cause expansion of the
polysilicon gate 52 and thereby modulate the stress in the channel.
[0036] Figure 2b, includes the same elements as in Figure 2a except that
20 the mask 56 may be positioned over the PFET region 42 and the ion
implantation 58 may be performed on the polysilicon gate 48 over the NFET
region. When the semiconductor structure 34 is complete it can be an NFET
device.
[0037] Figures 3a and 3b show cross-sectional views of partially fabricated
25 CMOS transistor structures 58 and 60 respectively in accordance with another
embodiment of the invention. The CMOS transistor structures 58, 60 differ
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



[0037]Figures 3a and 3b show cross-sectional views of partially fabricated 25 CMOS transistor
structures 58 and 60 respectively in accordance with another embodiment of the invention. The CMOS
transistor structures 58, 60 differ 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. [0038]Referring
specifically to Figure 3a, at this stage, the transistor 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 5 the semiconductor substrate 58 containing the N-well 64 is the PFET region 70. The
region of thEigareis@adaistbpisubstrate 58 containing the P-well 66 is the NFET region 72. [0039]A gate

cubstrate SEDURY poly LG Bt eb98 Ay Be HAHIE 53 pBheTAm G EgE B0 TARR Bt vas
formed oveétﬁh@m&wld@kﬁwﬁﬁhs@mmﬂmﬁmmbtegbbmmé B2eiwinglysiNicae|gaues 76 may
be formed ove on 70 a e NFET region 72. 0040] urce 78 and dr in 80
regions ma?'?é@e bé’&?\ ﬂrﬁﬁs dE ‘g' ﬁﬁle'ﬁEsfoé §?‘t’.')°’7'§el§s§é ﬁ\‘?eﬁ?%'ﬂ&l chniques.
Conveatlonme%@@w%ﬂ&amaﬁra&é a®rewEme RN ienalIsgleiwath drRFE3ae3fomay be formed
on The region of the semiconductor substrate 58 containing the P-well 66 is the
NFET region 72.
[0039] A gate oxide layer 74, which may comprise silicon dioxide, may be
formed overlying the semiconductor substrate 58. Two polysilicon gates 76
10 may be formed by patterning a polysilicon layer that was formed over the gate
oxide layer 74 using conventional techniques. The two polysilicon gates 76
may be formed over the PFET region 70 and over the NFET region 72.
[0040] Source 78 and drain 80 regions may have been formed in the PFET
and NFET regions 70, 72 using conventional techniques. Conventional sidewall
15 spacers 82, 84 along with conventional sidewall liners 86, 88 may be formed on
each side of both polysilicon gates 76.
[0041] A photo resist layer 90 may be deposited over the NFET region 72
onto an area of the semiconductor substrate 33 covering the polysilicon gate 76
disposed over the NFET region 72 using conventional techniques well known in
20 the art. A mask 92 may be placed over the photo resist layer 50. The mask 92
may be made of a material suitable for blocking the ions subsequently
implanted into the polysilicon gate 48 as described below.
[0042] Once the transistor structure 58 has been formed with the above-
described features using conventional techniques, a poly amorphorization ion
25 implantation step may be performed in accordance with this embodiment of the
invention. In particular, Ge* ions 94 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

processing takes place, the shape of the polysilicon gate 76 may change, for



each side of both polysilicon gates 76. [0041]A photo resist layer 90 may be deposited over the NFET
region 72 onto an area of the semiconductor substrate 33 covering the polysilicon gate 76 disposed
over the NFET region 72 using conventional techniques well known in 20 the art. A mask 92 may be
placed over the photo resist layer 50. The mask 92 may be made of a material suitable for blocking the
ions subsequently implanted into the polysilicon gate 48 as described below. [0042]Once the transistor
structure 58 has been formed with the above- described features using conventional techniques, a
poly amorphorization ion 25 implantation step may be performed in accordance with this embodiment
of the invention. In particular, Ge+ ions 94 may be used for the ion implantation step. Other ions may

also be useeixdasischpsedoateirgnititeedlrds tedhaiambgibmentssitngniim Btgesesidathed 2b, when
cxamplo by LRSI Bt A R CaPEoh el JEA DG A s SO o LA P LGB o closcribec
in more detdiigibed AlRsngnwaitbintilar enatvodinashdetrdved aloRgwigs the emboRiynemntés Geown in
Figures 2a and 2b, the Ge implantation meg/ be. erformed gin varyjng doses agng energies followed
by 5 subseRANEATTENp R B BE AN AR O3 BB LU inereby
modul&e theubeqaentiznabaling! piddésHtes)reo3manifiudes dreapanct thenpailysidson batere 3a
bo periomdd AL BT LGHUALE TG he NRE SEGHglon 72. When the semiconduclor
structure 6(Ja948npletFigurandts athbed evictnieOdikinigne AssinoRig s BacdRgepie thetn
microscopeﬂ("gEM)aiera%% Qr%g{/ be positioned over the PFET region 70 and the ion
implantation 94 may be performed on the polysilicon gate 76 over the NFET
10 region 72. When the semiconductor structure 60 is complete it can be an
NFET device
[0044] Figure 4 shows a tunneling electron microscope (TEM) image 96 of
a cross-section of a PFET polysilicon gate 98 showing the effect of the stress
modulation technique of the present invention. In particular, when processing
15 the transistor structures according to the present invention as shown in Figures
1a, 2a, and 3a, the resulting PFET device may have a polysilicon gate 98
disposed on a semiconductor substrate 99 with its shape modified as shown in
Figure 4. Contour 100 shows that the side edges of the polysilicon gate 98 with
the Ge ion implantation performed on it may have expanded in an upper portion
20 101 after subsequent source/drain anneal in accordance with the present
invention. Contour 102 shows that the side edges of the polysilicon gate 98
without the Ge ion implantation performed on it remains flat in both the upper
portion 101 and a lower portion 103. The bulging of the sides caused by the Ge
ion implantation and subsequent anneal, may cause increased residual
25 compressive stress in the transistor channel (not shown) within the
semiconductor substrate 99. The bulge in the polysilicon gate is due to
localized expansion of the polysilicon gate during the re-crystallization process
that occurs during 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
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a cross-section of a PFET polysilicon gate 98 showing the effect of the stress modulation technique of
the present invention. In particular, when processing 15 the transistor structures according to the
present invention as shown in Figures la, 2a, and 3a, the resulting PFET device may have a
polysilicon gate 98 disposed on a semiconductor substrate 99 with its shape modified as shown in
Figure 4. Contour 100 shows that the side edges of the polysilicon gate 98 with the Ge ion
implantation performed on it may have expanded in an upper portion 20 101 after subsequent
source/drain anneal in accordance with the present invention. Contour 102 shows that the side edges
of the polysilicon gate 98 without the Ge ion implantation performed on it remains flat in both the upper

portion 101gfriie polveilicoriigatt088 Dee dukginbeoptuk siflgisecanpethtydtiBeGenwisitopketition and
subsequent anneal, may cayse | sed residual 25 compressive stress in the transistor channel
(ot shownf AR BBl SRYSIR B4 Be Ao AT o oAt s R o Jocalized
expansion &bitbespedysilinpthiaterdssirgddse ittogstatbchlioRigueeess thataeticulsrdlimieg thvealing as

the implanted Ge jons that are | han the Si atoms attempts to fit into the Si laftice. This bulging i
ormarily neai MG B N B ETebl e 08 HUEATIE RO B! W h BN S8 5hdde located

near the toledwnehe fowpatysiliconicaitéoloegranthliatis Iass sthesir s dnihertb rers aldfieseg this stress
are also illustrated,in Figure 4. In particular, lines.104 show the outward lateral forces on the adjacent
spacer (notegf%\tﬁr%,'rllirtn i%%”%%%@%ﬁ‘&ﬁﬁ@&%?&@?% 5?\%?’%%&%#8 lines 108 show the inward
lateral forc@@48]ted ifFigeretmsnehgithtoihe Fryritasteneionauestpte TENOAAEGUN® DEhows a
tunneling electron micrgscope (T image 110 of a cross-section of an NEET polysilicon gate 112
Showing 16 GHET TR B AL hSb ST ALHRGR B e PIEARBIAVBRISH B MR when
processing Médhiatismnssinnigltecbir @scapeesdingi iy dhdigriesknipaniian ashehogrodadsiggres 1 b, 2b,
and 3b, the resulting. NFET device may haye a polysilicon gate 112 disposed on a semiconductor
ubstille 1 PR SO A O GO SR8 BN B SRR TRLLRTe ecges o
the polysilictin, cife 44 Bih the EssigtingNERAtidewesforagthandt mpplysiie@xpgatdedia the lower
15 portion 103 after subsequent source/drain anneal in accordance with the present invention. Contour
175 shows RRIELHR BAECu BT U O SHES o T S0 ARP RO ARABRGR Bbrformea
on it remairFigtiie BppEoarnsuiowes phidinsstif1thE08idEhedydging tidhesigsitaaugateby the Ge ion
implantation subsequent anneal, may cause increased residual 20 compressiye stress in the
ransistor NI EEWHRATTAES BRI Aoy G A B ML e 0 A Riing may be
primatify negortienbdto3naitehespolysdicont geteiick/drarausenibel peakaotthddnydaniitd Geeions is
located near the bottom of the PEET polysjlicon gate. Diagrammatic lines illustrating, the. forces
catsing thi LR ARG kAR EGANE WS 1308 AP GRaRS. BLaNard SIS Broes on the
adjacent spgaty (@ siithoo}, e GE2R shovpkretatyvarsberticatforcds ramaimdatlid ghmsy the
outward lateral forces exerted in the nnel within the semiconductor substrate 99. [Q046]Figure 6
chows a flod CheT SPTURGSs Do dP hodL T Bhedy e Siose EALEEd By i Ga o

implantation and subsequent anneal, may cause increased residual

20 compressive stress in the transistor channel (not shown) within the

semiconductor substrate 99. In particular, this bulging may be primarily near

the bottom of the polysilicon gate 112 because the peak of the implanted Ge

ions is located near the bottom of the PFET polysilicon gate. Diagrammatic

lines illustrating the forces causing this stress are also illustrated in Figure 5.

25 Lines 120 show the outward lateral forces on the adjacent spacer (not shown),

lines 122 show the upward vertical forces, and lines 124 show the outward

lateral forces exerted in the channel within the semiconductor substrate 99.

[0046] Figure 6 shows a flow chart of a process 126 of modulating spacer

induced stress in accordance with one embodiment of the invention. Process
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induced stress in accordance with one embodiment of the invention. Process 126 begins with the
conventional processing of a semiconductor substrate to a desired stage in step 128. For example, the
processing may be up to the stage as shown in Figures la, 1 b, or Figures 2a, 2b or Figures 3a, 3b. A
photo resist layer may be applied over the transistor substrate in areas except where the 5 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, step 134, may
then be performed to the target gate area, such as ion 10 implantation 30, 58 or 94 discussed above.

In step 136 tRe pragiessiithohide tiansisionaleyioedssn o tenpieliedid@ctonsebtvas aaner.
induced st 0ES RO ARG 2 ool ot e TECB RN h PSS e gate
may inducessirsisovem ith €igaspadersi bjhoetFigurss fmRinoiehRrieesa iBithe Ahshviel tesisthance
Govices to A Ak ESRIRRL N miGA ) e R e B A ES ot WRPLRLHEa device
perforrsanctasyet gabamnsdreaon iBiaten lddetemnaersiooandhastersd Shatibe éxeagplag relates to
B e eIV erer Apciet adEsna b g b g e
method of intheknenstyebe im@ptiechicvaduitior slavieesrgbsistealtonpposingesapplyiigsaman
implamatio%?n%rﬁ%@eftogaetge{r% ier,] rl:%]eg(s)&ez%, 56 or 92 discussed above. lon implantation,
step 134, may then be performed to the target gate area, such as ion
10 implantation 30, 58 or 94 discussed above. In step 136 the processing of the
transistor device may be completed in a conventional manner.
[0047] Thus, it may be seen that the present invention may provide a
method of modulating spacer induced stress by ion implanting the polysilicon
gate. The resultant change in the shape of the gate may induce stress on the
15  spacers, which in turn may increase stress in the channel to enhance carrier
mobility. The technique is simple and can be separately implanted to HVT,
RVT and LVT devices to suitably and independently modify the polysilicon gate
profile to obtain the desired device performance and enhancement.
[0048] It should be understood, of course, that the foregoing relates to
20 exemplary embodiments of the invention and that modifications may be made
without departing from the spirit and scope of the invention as set forth in the

following claims.
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source/drain annealing process; source/drain annealing said target gate region wherein a gate
formed in said target gate region is expanded due to said ion implantation; and completing the
fabrication of a semiconductor device on said 10 semiconductor substrate, whereby stress caused by
said expansion of said gate is transferred to said semiconductor substrate. 2. The method of claim
1 wherein said applying comprises applying ion implantation to a polysilicon film. 15 3. The
method of claim 1 wherein said applying comprises applying ion implantation to a polysilicon gate.
4. The method of claim 3 wherein said applying comprises applying 20ion implantation to a polysilicon
gate having sidewall spacers. 5. The method of claim 1 wherein said applying comprises applying
a germaniugy B implantation. 256.The method of claim 1 wherein said annealing comprises
increasing the width of said gate. 7.The method of claim 1 wherein said semiconductor device is an
NFET device and said annealing comprises increasing the width of the upper

1. A method of inducing stress in a semiconductor device substrate

comprising:
5 applying an ion implantation to a target gate region before a
source/drain annealing process;
source/drain annealing said target gate region wherein a gate
formed in said target gate region is expanded due to said ion implantation; and
completing the fabrication of a semiconductor device on said
10 semiconductor substrate, whereby stress caused by said expansion of said

gate is transferred to said semiconductor substrate.

2. The method of claim 1 wherein said applying comprises applying
ion implantation to a polysilicon film.
15
3. The method of claim 1 wherein said applying comprises applying

ion implantation to a polysilicon gate.

4. The method of claim 3 wherein said applying comprises applying
20 ion implantation to a polysilicon gate having sidewall spacers.

5. The method of claim 1 wherein said applying comprises applying

a germanium ion implantation.

25 6. The method of claim 1 wherein said annealing comprises
increasing the width of said gate.

7. The method of claim 1 wherein said semiconductor device is an

NFET device and said annealing comprises increasing the width of the upper
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portion of said gate. 8. The method of claim 7 further comprising applying downward forces on
said semiconductor device substrate adjacent to said gate. 5 9. The method of claim 1 wherein
said semiconductor device is a PFET device and said annealing comprises increasing the width of the
lower portion of said gate. 1010.The method of claim 9 further comprising applying upward forces on
said semiconductor device substrate adjacent to said gate. 11.A method of processing a
semiconductor device comprising: forming a polysilicon film on a semiconductor substrate
including target and non-target regions; 15forming a photo resist layer over said non-target region of
said semiconductor substrate; forming a mask over said non-target region of said semiconductor
substrate; portion ofieaitingddeting said polysilicon film over said target region of said
20semiconductor substrate, said second predetermined region being different from, and adjacent to,
said first predetermined region; and

8. The method of claim 7 further comprising applying downward

forces on said semiconductor device substrate adjacent to said gate.

5
9. The method of claim 1 wherein said semiconductor device is a
PFET device and said annealing comprises increasing the width of the lower
portion of said gate.
10 10.  The method of claim 9 further comprising applying upward forces
on said semiconductor device substrate adjacent to said gate.
11. A method of processing a semiconductor device comprising:
forming a polysilicon film on a semiconductor substrate including
target and non-target regions;
15 forming a photo resist layer over said non-target region of said

semiconductor substrate;
forming a mask over said non-target region of said semiconductor
substrate;
ion implanting said polysilicon film over said target region of said
20 semiconductor substrate, said second predetermined region being different
from, and adjacent to, said first predetermined region; and
annealing a gate formed on said implanted polysilicon film.

12.  The method of claim 11 further comprising expanding the

25 dimensions of said gate during said annealing.

13.  The method of claim 12 further comprising forming sidewall

spacers adjacent to said gate.
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annealing a gate formed on said implanted polysilicon film. 12. The method of claim 11 further
comprising expanding the 25dimensions of said gate during said annealing. 13. The method of
claim 12 further comprising forming sidewall spacers adjacent to said gate. 14.The method of claim 13
further comprising transferring forces caused by said expanding of the dimensions of said gate to said
sidewall spacers. 515.The method of claim 14 further comprising transferring said forces through said
sidewall spacers to said semiconductor substrate below said sidewall spacers. 16.The method of claim
11 further comprising: 10repeating said steps of forming a photo resist layer, forming a mask and ion
implanting on different regions of said semiconductor substrate and under different ion implantation
conditions, said coplitioriBHscinditgdt tfastzime 08 ifurtinepl o isdos agess fordngn fionpdantation
energies. 1517.The methad of claim.16 w?erein aid different regions of sajd semiconductor substrate
aving ion FASFANGY Al GREAIAIEG Al BTG RoRL SPLL RS R AU ouding at
least two ofghecilowing: low voltage threshold devices, medium voltage threshold devices and high
voltage threshold devices.

5 15.  The method of claim 14 further comprising transferring said forces
through said sidewall spacers to said semiconductor substrate below said
sidewall spacers.

16.  The method of claim 11 further comprising:
10 repeating said steps of forming a photo resist layer, forming a
mask and ion implanting on different regions of said semiconductor substrate
and under different ion implantation conditions, said conditions including at

least one of: ion implantation dosages and ion implantation energies.

15 17.  The method of claim 16 wherein said different regions of said
semiconductor substrate having ion implanting under different conditions
include regions of semiconductor devices including at least two of the following:
low voltage threshold devices, medium voltage threshold devices and high
voltage threshold devices.

20
18. A transistor comprising:
a semiconductor substrate;
a source in said semiconductor substrate;
a drain in said semiconductor substrate; and
25 a gate on said semiconductor substrate, said gate having bulging
sidewalls.

19. The transistor of claim 18 wherein said bulging sidewalls are
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20 18.A transistor comprising: a semiconductor substrate; a source in said semiconductor substrate; a
drain in said semiconductor substrate; and 25a gate on said semiconductor substrate, said gate
having bulging sidewalls. 19.The transistor of claim 18 wherein said bulging sidewalls are disposed
near the top of said gate. 20.The transistor of claim 20 wherein said bulging sidewalls are disposed
near the bottom of said gate.

disposed near the top of said gate.

20. The transistor of claim 20 wherein said bulging sidewalls are
disposed near the bottom of said gate.
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