METHOD TO LOWER WORK FUNCTION OF GATE ELECTRODE THROUGH Ge IMPLANTATION
RELATED U.S. PATENT APPLICATION U.S. Patent Application Serial No. 10/697,746 to T.H. Chan et al
filed on 30 October 2003. BACKGROUND OF THE INVENTION (1) FIELD OF THE INVENTION The
present invention relates to the fabrication of integrated circuit devices, and more particularly, to a
method of selective gate.h:typ@carnd-Brtypeelectroges Bsimng germaniumcimplantationin therfabrication of
integrated circuits. (2) DESCRIPTION OF THE PRIOR ART For 0.1 aem CMOS and below, poly gate
depletion is one of the c%iggl ,iEstuUesS in acThEiI(qe%/ier%Phng pT%fI(q)rmance devices. Polysilicon-germanium
(PolySiGe) is an attractive gage material because of its lower gate depletion and boron penetration and
better electron mobility. HoweVér: PolySiae gatés degratde NMOS fetforthante While ERRANEING PMOS
performainte] Fhe Yermmanigm dopant enhances depletion in PMOS and degrades poly depletion in
NMOS. It is desired to form NMOS and PMOS gates selectively where N type gates are formed without

SiGe and P type gates are EQ\@S‘Q@Y}{@ S5iGe, V.3 Patents 5,918,116 to Chittipeddi and 6,063,670 B1 to
Lin et al disclose dual gate oxide processes. U.S. Patent 6,342,438 B2 to Yu et al teaches doping PMOS

and NMOS regions differently before patterning polysilicon gates. U.S. Patent 5,356,821 to Naruse et al
disclose§tepitaxial grovitts ofNSiélglates for both NMOS and PMOS. U.S. Patent 6,376,323 B1 to Kim et
al teaches PolySiGe gatesdopbath-PMOSanddNMQSwith selective topingaCo-pendingddszaRatent

Application SerialNo: 10/266,425 (CS-01:093) filed,on October 8, 2002: discloses, a method;fa forming
SiGe gateg haw;g%?lfferent Ge concentrations for PMOS a?d NMOS. C,o-perlldln l%.S,. Patent .
Application Serial No. 1076677746 fiiSd"h 36 Oébbét didtiodds™a method for forming SiGe gates for
PMOS dﬁéegrated circuits.

(2) DESCRIPTION OF THE PRIOR ART

For 0.1 &m CMOS and below, poly gate depletion is one of the
critical issues in achieving high performance devices. Polysilicon—-germanium
(PolySiGe) 1is an attractive gate material because of its lower gate depletion
and Dboron penetration and better electron mobility. However, PolySiGe gates
degrade NMOS performance while enhancing PMOS performance. The germanium dopant
enhances depletion in PMOS and degrades poly depletion in NMOS. It is desired
to form NMOS and PMOS gates selectively where N type gates are formed without
SiGe and P type gates are formed with SiGe.

U.S. Patents 5,918,116 to Chittipeddi and 6,063,670 Bl to Lin et
al disclose dual gate oxide processes. U.S. Patent 6,342,438 B2 to Yu et al
teaches doping PMOS and NMOS regions differently before patterning polysilicon
gates. U.S. Patent 5,356,821 to Naruse et al discloses epitaxial growth of SiGe
gates for both NMOS and PMOS. U.S. Patent 6,376,323 Bl to Kim et al teaches
PolySiGe gates for both PMOS and NMOS with selective doping. Co-pending U.S.
Patent Application Serial No. 10/266,425 (CS-01-093) filed on October 8, 2002
discloses a method for forming SiGe gates having different Ge concentrations
for PMOS and NMOS. Co-pending U.S. Patent Application Serial No. 10/697, 746
filed on 30 October discloses a method for forming SiGe gates for PMOS and

polysilicon gates for NMOS using a dual deposition and patterning process.



polysilicon gates for NMOS using a dual deposition and patterning process. 1 SUMMARY OF THE
INVENTION Accordingly, a primary object of the invention is to provide a process for selective gate
formation for N type and P type electrodes in the fabrication of integrated circuits. A further object of the
invention is to provide a process for forming selective gates for N type (without SiGe) and P type (with
SiGe) electrodes in the fabrication of integrated circuits. Arnatheoobject of the invention is to provide a
process for forming selective gates wherein polysilicon-germanium is used for thin P type gates and
wherein polysilicon is used foré\l ype gates and thickaetgpe %atteg. Yet another gbject of the invention is

t
. . . > d
to provide a process for %rcrﬁfné 'seléttive Bﬁjtggrv\éhgréjm poI§/S|I|coen-é'3‘r]r%%nL|ﬁrﬁ1 is’usedfor fhin Patype

gates aidFRefeihPol§SilRTr 1S usetfof Ntgpe gatedrafd thiiek PtJp& gates usifigta S&éctive BE
implant&tion process. A funtherrebjectafthe tsvention is to provide a process for forming selective gates

wherein polysilicon-germanium is used for thin P type gates and wherein polysilicon is used for N type
gates and thick P type gates, Using selective Ge implantation.and a.split polysilicon process, A still further
object of the invention is to provide a process for forming selective gates wherein polysilicon-germanium

is used fOrtHindP §pecgates &AdSiherein Polydificon 1s teY for N iypetgates andthick' Pypa Gates
using a s&fectipd Gelimplentation and redistribatierr precdess: v aetordance with the objects of the
invention, a method for forming selective P type and N type gates is achieved. A gate oxide layer is

grown overlying a semicapdugtor sybstrate A palysilicon,Jayer is;depesited gverlying the gate gxjde layer.

Germanjum ions are implanted into a portion of the o(l(ysilicon Iary,er not covered by a mask to form a
..formlnﬁ]selec ive gates wherein polysilicon—-germarium is used for thin P type
polysilicon-germanium
gates and wherein polysilicon is used for N type gates and thick P type gates.

Yet another object of the invention is to provide a process for
forming selective gates wherein polysilicon-germanium is used for thin P type
gates and wherein polysilicon is used for N type gates and thick P type

gates using a selective Ge implantation process.

A further object of the invention is to provide a process for
forming selective gates wherein polysilicon-germanium is used for thin P type
gates and wherein polysilicon is used for N type gates and thick P type gates

using selective Ge implantation and a split polysilicon process.

A still further object of the invention is to provide a process
for forming selective gates wherein polysilicon-germanium is used for thin P
type gates and wherein polysilicon is used for N type gates and thick P type

gates using a selective Ge implantation and redistribution process.

In accordance with the objects of the invention, a method for
forming selective P type and N type gates 1is achieved. A gate oxide layer 1is
grown overlying a semiconductor substrate. A polysilicon layer is deposited
overlying the gate oxide layer. Germanium ions are implanted into a portion of
the polysilicon layer not covered by a mask to form a polysilicon-germanium
layer. The polysilicon layer and the polysilicon-germanium layer are patterned

to form NMOS polysilicon gates and PMOS polysilicon—-germanium gates.



layer. The polysilicon layer and the polysilicon-germanium layer are patterned to form NMOS polysilicon
gates and PMOS polysilicon-germanium gates. 2 Also in accordance with the objects of the invention,
another method for forming selective P type and N type gates is achieved. A gate oxide layer is grown
overlying a semiconductor substrate. A polysilicon layer is deposited overlying the gate oxide layer.

Germanium ions are implantesbinte a otiion ef thedqpolysdican; lyer nat covered byradnaskte-ferm a
polysilicon: garmanium layer. Nitrogen ions arsdmplanted jnto the polysilicon-germanium laygr; Jhe
polysmc?n Iésllyeir and thr? Qgéysmcon- ermanium Iaggg are patterned to form NMOSlgoIQ/snlcon gates and

a .1s grow rlyin emlconduc substrate. A.polysilicon r.1s .
PMOS poK/smcon-ggermanlum ates. € gates are anneafe(ﬁo redlgtrfB/ute fhe gerrﬁ/anlum 1oNns through

the polySARGH-F§ErmEritit Tayersf fis PMOS olysifionSgefifaitm: gates "Alsoiin aetetdante vith the

objects ofthednventiohs another 1methotkfer-forming selestiveyP dype and N type gates is achieved. A
gate oxide-layerds grown ovierlying-a semiconductar.substeate . Adirst-pelysilicon layer, isdepasited
overlying the gate oxide layer. Germanium jgns are implanted into_ g pertion of the first polysilicon, layer
not covered by a mask to form a polysilicon-germanium layer. A Second polysﬁ]iconalayer Is deposited

over the" irse pbly&ificoR 1ayer arfi thd Poiysificon=ermiamitift tayer e "sEcafd I pofysilican IAFEF first
polysilicorelayer cid thetpolysiticohrgentranium layerrareyatteened ta forraNMOS polysiicorrgates and
PMOS pelysiicen-gerpaniym igates BRIEFs DESGRIRTION @FgEHE DRAWINGS In the accompanying
drawings forming a material part of this description, there is shown: Figs. 1 through 5 are cross-sectional
representations of a first _preferred embodiment of the %resent invention. Fig. 6 is a cross-sectional
. Also, in accordance with the objects of the invention, another
representation of a completed
method for forming selective P type and N type gates is achieved. A gate oxide
layer 1s grown overlying a semiconductor substrate. A first polysilicon layer
is deposited overlying the gate oxide layer. Germanium ions are implanted into
a portion of the first polysilicon layer not covered by a mask to form a
polysilicon-germanium layer. A second polysilicon layer is deposited over the
first polysilicon layer and the ©polysilicon-germanium layer. The second
polysilicon layer, first polysilicon layer, and the polysilicon-germanium layer

are patterned to form NMOS polysilicon gates and PMOS polysilicon-germanium

gates.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of this

description, there is shown:

Figs. 1 through 5 are cross-sectional representations of a first

preferred embodiment of the present invention.

Fig. 6 1is a <cross-sectional representation of a completed
integrated circuit fabricated according to a first preferred embodiment of the

present invention.

Figs. 7 through 10 are cross-sectional representations of a

second preferred embodiment of the present invention.



integrated circuit fabricated according to a first preferred embodiment of the present invention. Figs. 7
through 10 are cross-sectional representations of a second preferred embodiment of the present
invention. 3 Fig. 11 is a cross-sectional representation of a completed integrated circuit fabricated
according to a second preferred embodiment of the present invention. Figs. 12 through 16 are
cross-sectional representatiansiaf ai third preferred embodiment pf dbenprasent invention:drigl e s a

CrOSS‘S%ﬂ%‘&@EE@W%’i‘%‘%@P%9&3; completed, integrated ciccuit fabricated accqrding to.athird preferred
embodiment of the Vpget_'sent invention. DESCRIPTION OF THE PREFERRED EMBODIMENTS Three

in

preferre%ré%rsheﬁl(%dlme%ts ofthe present invention are to be described. The first preferred embodiment,
illustrated in Figs. 1-6, comprises a selective Ge implantation process. The second preferred
embodiment, illustrated mifigs. 7211 hcomprises aselectivesGesimplantationrwithe nedistrilution process.

The thirdjrefegred embediment: dustratedp Figsse12-14vds @ sglective Ge implantation and split
polysilicon process. The first preferred embodiment will now be described with reference to Figs. 1-6.
Referring now more particularly to Fig. 1, there is shown a semiconductor substrate 10. This is preferably

monocrystalline silicon. fsolatioh’rediong, stth®as SHatW ttencPisGIoR (ST1), Hot 8howAraréformed
in the substrate toseparatetactive regions alrrthe figures, antactive rregiorr Adforthick grate devices will be
shown an¢hedeftiandranactive region B for thin gate devices will be shown on the right. For example,
thick gate devices have a gate width of more than about 2400 Angstroms. Examples of thick

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Three preferred embodiments of the present invention are to be
described. The first preferred embodiment, illustrated in Figs. 1-6, comprises
a selective Ge implantation process. The second preferred embodiment,
illustrated in Figs. 7-11, comprises a selective Ge implantation with
redistribution process. The third preferred embodiment, illustrated in Figs.
12-17, is a

selective Ge implantation and split polysilicon process.

The first preferred embodiment will now be described with
reference to Figs. 1-6. Referring now more particularly to Fig. 1, there is
shown a semiconductor substrate 10. This is preferably monocrystalline silicon.
Isolation regions, such as shallow trench isolation (STI), not shown, are
formed in the substrate to separate active regions. In the figures, an active
region A for thick gate devices will be shown on the left and an active region
B for thin gate devices will be shown on the right. For example, thick gate
devices have a gate width of more than about 2400 Angstroms. Examples of thick
gate devices are 2.5V input/output devices. Thin gate devices have a gate width
of less than about 800 Angstroms. Examples of thin gate devices are 1.0V low

threshold voltage devices.

A thermal gate oxide layer 12 is grown on the surface of the
substrate to a thickness of between about 12 and 20 Angstroms. A polysilicon
layer 16 1is deposited overlying the gate oxide layer to a thickness of between

about 1500 and 2000 Angstroms.



gate devices are 2.5V input/output devices. Thin gate devices have a gate width of less than about 800
Angstroms. Examples of thin gate devices are 1.0V low threshold voltage devices. A thermal gate oxide
layer 12 is grown on the surface of the substrate to a thickness of between about 12 and 20 Angstroms.
A polysilicon layer 16 is deposited overlying the gate oxide layer to a thickness of between about 1500
and 2000 Angstroms. 4 Referringaowdo Fig. 2Z;iamask 20 cevers the regiens nekerequiings not

polysiliconsgermaniunm, gates..Thick gateperfoymance is,nof badly. degraded.so.thes ,oc padiy
polysﬂmgg-gaeé[%ndamum ates are r(i(lqglred only in the thin gate area B. Referring. now to Fig.

31
germanlur% ions are ?mp antéa %|ntoo?ﬁ%eﬁoﬁ/%llﬁénoﬁ 6iz%f/er 16 not Covered” B)l/ythlenmta?sﬁ( EBQ.Ibr%?(ta?ably,
germanitifi®iéns are implanted using a heavy dose of between about 1E13 and 2E13 ions/cm2 at an
energy of between about 20 and 80 KeV. Now, the implantation mask 20 is stripped as shown in Fig. 4.

The portion 22 of the polysilicon; layerds now polySiGe. Anetghing mask, net shownanisformed guer the
gate laygys to define;thick and thin gate electrodes. The polysilicon 16 and PolySiGe 22 _layers are

etched away w ere th(é(il are not covered by the mask pattern to form gate electrodes as shown in Fig. 5.

In the thicR Ue¥iCe HIREAT PoIySilitdn NMO'E ghteelabtrdtfe’ 3o and PolysfitonPMAE Jate eiécttode 32
have begh farmed. In the thin device area B, polysilicon NMOS gate electrode 34 has been formed and
PolySiGe.PMO % gate-electradeud6 hasbheean fapned. For example, the thick NMOS and PMOS gates
have a width of more than about 3000 Angstroms, the thin NMOS gates have a width of less than about
60 Angstroms, and the PMOS PolySiGe gates have a Wi%h of less thandabout 90 Angstroms.

ow, the’ implahtation mask is stripped as shown “iIn Fig.

The portion 22 of the polysilicon layer is now polySiGe.

An etching mask, not shown, is formed over the gate layers to
define thick and thin gate electrodes. The polysilicon 16 and PolySiGe 22
layers are etched away where they are not covered by the mask pattern to form
gate electrodes as shown in Fig. 5. In the thick device area A, polysilicon
NMOS gate electrode 30 and polysilicon PMOS gate electrode 32 have been formed.
In the thin device area B, polysilicon NMOS gate electrode 34 has been formed
and PolySiGe PMOS gate electrode 36 has been formed. For example, the thick
NMOS and PMOS gates have a width of more than about 3000 Angstroms, the thin
NMOS gates have a width of less than about 60 Angstroms, and the PMOS PolySiGe

gates have a width of less than about 90 Angstroms.

Fig. 6 1illustrates the completed gate electrode devices having

associated source/drain regions 50 and dielectric sidewall spacers 52.

The second preferred embodiment will now be described with
reference to Figs. 1-3 and 7-10. The second embodiment begins as in the first
embodiment up to the implantation of germanium ions 23 as shown in Fig. 3. In
this embodiment, preferably, germanium ions are implanted using a heavy dose of
between about 1E13 and 2E13 ions/cm? at an energy of between about 20 and 80
KeV.

Fig. 7 4illustrates the germanium implanted region 24. Now,
nitrogen ions are implanted 25 1into the germanium implanted region 24 not

covered by the mask 20. Preferably, nitrogen ions are implanted using a heavy
5



Fig. 6 illustrates the completed gate electrode devices having associated source/drain regions 50 and
dielectric sidewall spacers 52. The second preferred embodiment will now be described with reference to
Figs. 1-3 and 7-10. The second embodiment begins as in the first embodiment up to the implantation of
germanium ions 23 as shown in Fig. 3. In this embodiment, preferably, germanium ions are implanted
using a heavycdose e between about 1H3 ank 2EA3s ions/cm2at anengrgyrofiaetween-abaut 20 and 80
KeV. Fig, £ ilystrates the germanium implanted region 24. Now, nitrogen ions are implanted 25 into the
germanium implanted region 24 not covered by the mask 20. Preferably, nitrogen ions are implanted
using a heavy 5 dose of between about 1E13 and 4E13 ions/cm2 at an energy of between about 10 and
100 KeV . Now, the implaitation’maske20"53tipipetras sHowrt it FigP8e NitfogetPifipldhtédegion 26 is
shown iNitheote porticnr ofdhe gaerimaniam impkanted régiom24.tAn etchingmask, not shewmg s formed
over the; ggie layers &g define thick and thin gate electrodes. The polysilicon 16 and PolySiGe/polysilicon
26/24/16 layers are etched away where they are not covered by the mask pattern to form gate electrodes
as shown in Fig. 9. Now, a redistribution annealing is performed to diffuse the germanium throu%gout the

polysilicon layer of the thill' PRIO'S Yatd*Prefetablys e wafer i ahtdatdin S ingtt amibignt at
temperatefeof betiteeh abent 800-rand 1200€ ford0 t6r26 minuteés: The nitregerrdopants, havidg larger
mass, cause the/germanium dopants ta redisiribuie cAstshewninfFignd e inthe thick device area A,

polysilicon NMQ3 gate.electrode 30 and palysilican EMOS gate, glecirade 32 have been formed. In the
thin device area B, polysilicon NMOS gate electrode 34 has been formed and PolySiGe PMOS gate

electrode 38 has been
Now, a redistribution annealing is performed to diffuse the

germanium throughout the polysilicon layer of the thin PMOS gate. Preferably,
the wafer is annealed in an inert ambient at a temperature of between about 800
and 1200°C for 30 to 120 minutes. The nitrogen dopants, having larger mass,
cause the germanium dopants to redistribute. As shown in Fig. 10, in the thick
device area A, polysilicon NMOS gate electrode 30 and polysilicon PMOS gate
electrode 32 have been formed. In the thin device area B, polysilicon NMOS gate
electrode 34 has been formed and PolySiGe PMOS gate electrode 38 has been
formed. For example, the thick NMOS and PMOS gates have a width of more than
about 3000 Angstroms, the thin NMOS gates have a width of less than about 60
Angstroms, and the PMOS PolySiGe gates have a width of less than about 90

Angstroms.

Fig. 11 illustrates the completed gate electrode devices having

associated source/drain regions 50 and dielectric sidewall spacers 52.

The third preferred embodiment will now be described with
reference to Figs. 12-16. Referring now more particularly to Fig. 12, there is
shown a semiconductor substrate 10. This is preferably monocrystalline silicon.
Isolation regions, such as shallow trench isolation (STI), not shown, are
formed in the substrate to separate active regions. In the figures, an active
region A for thick gate devices will be shown on the left and an active region

B for thin gate devices will be shown on the right.

A thermal gate oxide layer 12 is grown on the surface of the

substrate to a thickness of between about 12 and 20 Angstroms. Since high
6



formed. For example, the thick NMOS and PMOS gates have a width of more than about 3000
Angstroms, the thin NMOS gates have a width of less than about 60 Angstroms, and the PMOS
PolySiGe gates have a width of less than about 90 Angstroms. Fig. 11 illustrates the completed gate
electrode devices having associated source/drain regions 50 and dielectric sidewall spacers 52. The third
preferrechembodimest-with now berdeseribet-witha refesencedor Figso 1216 s Referring nemsaaarent

p?‘_”icw%@ﬁ@;':eig- 12, there.is pﬁ!l%'{‘l@é&mi%Q@Q_QQEQr_SHbSEEﬁE‘? 190il'§g§j§cgr@fe5g9g/rm%9§ry%tglline
silicon. [solation regions, suich as shallow trench Isolation (31D, not shown, are formed in the sybstrate
to separaetgoasctl\?e ’reﬁlons. in IPhelﬂgures, an active 'region ATor fhick ga?e devic&s will be shown on the
left and 'gh &RAE teGTon ‘B forthin Gate teviees wildse sHéwn ondtthie fight A tHefmal gatéoxide tayer 12
is growrveidthe surface of the substrate to a thickness of between about 12 and 20 Angstroms. Since

high 6 implanted germaniv conceptrations aee difficult ta achieve, dbis embodiment utilizes a split
polysilicon process. A thin polysilicon layer will be deposited, germanium will be implanted, and then the
remaining polysilicon will be deposited. A firstkpolysilicon layer 16 is deposited overlying the gate oxide
layer to a thickness of bebwedrt atbut 800 'dhd 2600 Atrgsfrohs Reférring’ fibiv th'Eig” 13! ¥fask™21
covers thearegiors netyraguirig polysilicon-geraranitim gates! T4us includds difof-thethitkcgate area A
and a partioni of the thinbgate area BnNowegermanium. ions,aredmplanted 2hH sas showip iafiga 137
Preferahly, germanium ions are implanted using a heavy dose of between about 1E13 and 2E13

ions/cm2_at an ener%y of between about 20 and 50 KeV. , ,
shown in Fig. 13. Preferably, germanium ions are implanted using a heavy dose

of between about 1E13 and 2E13 ions/cm? at an energy of between about 20 and 50

KeV.

Now, the implantation mask 21 is stripped as shown in Fig. 14.
Germanium implanted regions 28 are shown. Referring now to Fig. 15, a second
polysilicon layer 39 1is deposited over the first polysilicon layer to a
thickness of between about 1000 and 2000 Angstroms. An etching mask, not shown,
is formed over the gate layers to define thick and thin gate electrodes. The
polysilicon 39/16 and PolySiGe/polysilicon 39/28/16 layers are etched away
where
they are not covered by the mask pattern to form gate electrodes as shown in
Fig. 16. In the thick device area A, polysilicon NMOS gate electrode 40 and
polysilicon PMOS gate electrode 42 have been formed. In the thin device area B,
polysilicon NMOS gate electrode 44 has Dbeen formed and PolySiGe PMOS gate
electrode 46 has been formed. For example, the thick NMOS and PMOS gates have a
width of more than about 3000 Angstroms and the thin NMOS gates and the PMOS

PolySiGe gates have a width of less than about 90 Angstroms.

Fig. 17 illustrates the completed gate electrode devices having

associated source/drain regions 50 and dielectric sidewall spacers 52.

The process of the present invention provides a simple,
manufacturable dual gate process. For optimum performance, thick gate devices
have polysilicon gate electrodes while thin PMOS devices are PolySiGe gate
electrodes. Three methods have Dbeen described to form polysilicon-germanium

thin PMOS gates by germanium implantation.
7



Now, the implantation mask 21 is stripped as shown in Fig. 14. Germanium implanted regions 28 are
shown. Referring now to Fig. 15, a second polysilicon layer 39 is deposited over the first polysilicon layer
to a thickness of between about 1000 and 2000 Angstroms. An etching mask, not shown, is formed over
the gate layers to define thick and thin gate electrodes. The polysilicon 39/16 and PolySiGe/polysilicon
39/28/16 layers are etched away where they are not covered by the mask pattern to form gate electrodes
as shown in Fig. 16. In the thick device area 4, polysilicon NMOS gate electrade 40.and; nolysilicon
PMOS %ate electrode 42 have been 1:ﬁ\%rmed In the thln device area B, Eovysmc% NMOS ate electrode
44 has been formed and i50I SicE PMoS gat(f’am ‘Blectiode 46'ha Cbéen ormed. For e%(éen%f:) Oﬁ'ue thick
NMOS éﬁd%ﬁmsléé?e§ﬁa9%ea aWidthP6f nibre than abstc3000 Argstrents antrthe thifNRFOS gates and
the PM@S:1RolySiGe gates have aiwidthiofilessithan abBoutr 90nAngstromsoig. 17 illustrates the
completed gate electrode devices having associated source/drain regions 50 and dielectric sidewall
spacers 52. The process of the present invention provides a simple, manufacturable dual gate process.
For optimum performance, thick gate devices have polysilicon gate electrodes while thin PMOS devices
are PolySiGe gate electrodes. Three methods have been described to form polysilicon-germanium thin
PMOS gates by germanium implantation. 7 While the invention has been particularly shown and
described with reference to the preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made without departing from the spirit and scope
of the invention. 8 What is claimed is: 1. A method of forming dual gates in the fabrication of an integrated
circuit



device comprising: growing a gate oxide layer overlying a substrate; depositing a polysilicon layer
overlying said gate oxide layer; implanting germanium ions into a portion of said polysilicon layer not
covered by a mask to form a polysilicon-germanium layer; and patterning said polysilicon layer and said
polysilicon-germanium layer to form NMOS polysilicon gates and PMOS polysilicon-germanium gates in
the fabrication of an integnatedicircui devices 2. The method according to Claim 1 wherein said gate oxide
layer is grown to a thickness of between about 12 and 20 Angstroms. 3. The method according to Claim
1 wherein said polysilicon layer is depasited to a thickness of between about 1500 and 2000 Angstroms.
4. The réthod Betrditig (6 CIAMR £ViterE Said g anin-1GRE Sfo hpintalF 5274 desagh of between
about 1E93'4Ad°2E3- foris/cm?2 at an energy of between about 20 and 80 KeV. 5. The method according
to Claim 1 wherein said NMQS:podysilicendgates areo thickyNMOS gates-hawing a width of more than
about 3000 Angstroms=3pd;thin NMQS, \gates-bavinga width of lesssthan abaut60Angstroms and
wherein said PMOS polysilicon:osimanium,cales arethin PMOS gates havigo a width ofjess [nan about
90 Angstroms and further comprising patterning said golysilicon layer to form thick PMOS gates having a

width of more than Sb6U3060 Anftfoms. BA Method of formin bl ghteSirf tie $abrication of an
integrated circuit device eomprisingz growmy ai fate oxibe tayeroVverdyirtg @ substiateydepositinga
polysilicon layer=@¥erlying said gaie @xideskayer;ninplanting gemaniymyions ite-aperionef saids
polysilicon layer, ngt.couerad by, a mask fo farm.a nalysilicon-germanium layer; thereafter implanting
nitrogen ions into said polysilicon-germanium layer;

2. The method according to Claim 1 wherein said gate oxide layer is grown to a

thickness of between about 12 and 20 Angstroms.

3. The method according to Claim 1 wherein said polysilicon layer is deposited

to a thickness of between about 1500 and 2000 Angstroms.

4. The method according to Claim 1 wherein said germanium ions are implanted at
a dosage of between about 1E13 and 2E13 ions/cm? at an energy of between

about 20 and 80 KeV.

5. The method according to Claim 1 wherein said NMOS polysilicon gates are
thick NMOS gates having a width of more than about 3000 Angstroms and thin NMOS
gates having a width of less than about 60 Angstroms and wherein said PMOS
polysilicon-germanium gates are thin PMOS gates having a width of less than
about 90 Angstroms and further comprising patterning said polysilicon layer to

form thick PMOS gates having a width of more than about 3000 Angstroms.

6. A method of forming dual gates in the fabrication of an integrated circuit
device comprising:
growing a gate oxide layer overlying a substrate;
depositing a polysilicon layer overlying said gate oxide layer;
implanting germanium ions into a portion of said polysilicon layer
not covered by a mask to form a polysilicon-germanium layer;
thereafter implanting nitrogen ions into said polysilicon-germanium

layer;



9 patterning said polysilicon layer and said polysilicon-germanium layer to form NMOS polysilicon gates
and PMOS polysilicon-germanium gates; and thereafter annealing said substrate wherein said
germanium ions are redistributed throughout said polysilicon-germanium layer in said
polysilicon-germanium PMOS gate in the fabrication of an integrated circuit device. 7. The method
according to Claim 6 wherein sajd gate oxide layeris.growia 10 andhicknesswofl between abatta12.and 20

Angstroms. 8. The.method accordingsto Claim 6 wherein said polysilicga layer js depgsited. 19.a thickness
of between about 1500 and 2000 Angstroms. 9. The method according to Claim 6 wherein said

germanium ion%ag(r%es;lrannﬁanted at a dosage of between about 1E13 and 2E13 ions/cm2 at an energy of
between about 20 and'SOPREVET10 TR riéthetl Acébrding t6 ClafT6 wRereirsait nittBger oS are
implanted at ardosageiofibetweenraboutdtE13and 42 3viohsicm? at-arenergy efiketween abeiud 10

and 120 KeV. 11: Jhe method accordingsieClaim:6 wherein said-step-of annealing.said; substrate
comprises annealing, in an inert ambient at a temperature of between about 800 and 1200C for 30 to 120
minutes. 12. The method according to Claim 6 wherein said NMOS polysilicon gates are thick NMOS
gates having a width of more than about 3000 Angstroms and thin NMOS gates having a width of less
than abdut BEcAngstomsandivheréin Sad PMOSepelysilicon-germaniuniegatesare thinr PMOS gates
having a mieth ofdess thancabout Q0 Angstrams and;furthes comprising patterning said polysilicon layer to
form thick PMOS gates having a width of more than about 3000 Angstroms. 13. A method of forming dual
gates in8theT1;1abrication of an int,eggrated circuit device comprising: . , ,

. e method according to Claim 6 wherein said Ppolysilicon layer is deposited

to a thickness of between about 1500 and 2000 Angstroms.

9. The method according to Claim 6 wherein said germanium ions are implanted at
a dosage of between about 1E13 and 2E13 ions/cm2 at an energy of between

about 20 and 50 KeV.

10. The method according to Claim 6 wherein said nitrogen ions are implanted at
a dosage of between about 1E13 and 4E13 ions/cm2 at an energy of between about

10 and 120 KeV.

11. The method according to Claim 6 wherein said step of annealing said
substrate comprises annealing in an inert ambient at a temperature of between

about 800 and 1200°C for 30 to 120 minutes.

12. The method according to Claim 6 wherein said NMOS polysilicon gates are
thick NMOS gates having a width of more than about 3000 Angstroms and thin NMOS
gates having a width of less than about 60 Angstroms and wherein said PMOS
polysilicon-germanium gates are thin PMOS gates having a width of less than
about 90 Angstroms and further comprising patterning said polysilicon layer to

form thick PMOS gates having a width of more than about 3000 Angstroms.

13. A method of forming dual gates in the fabrication of an integrated circuit
device comprising:

growing a gate oxide layer overlying a substrate;

depositing a first polysilicon layer overlying said gate oxide

layer;
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growing a gate oxide layer overlying a substrate; depositing a first polysilicon layer overlying said gate
oxide layer; 10 implanting germanium ions into a portion of said first polysilicon layer not covered by a
mask to form a polysilicon-germanium layer; thereafter depositing a second polysilicon layer overlying
said first polysilicon layer and said polysilicon-germanium layer; and patterning said second polysilicon
layer, said first polysilie@n dayengdandsaidipelysdicon-gesmaniunt layento term NMQOS polysilicarogates

and PMOS polysilicon-germanium gates jn the fabrication of an; integrated.ciruit devjce, 14. The method
according to Claim 13 wherein said gate oxide layer Is grown to a thickness of between about 12 and 20

Angstroms. 15. The n"tlgﬁ%& fafcecror(flln%otgol Clafm 13 \S/vehereln gzoilld first ﬁ%?y& i%%enrla%?fsl Y(J:I(I%%osslflelﬁ1 toa
thickness of between baiit-500°and*2600°AAgStroMe? 16,  Themethttracedrd g o Cltim 13 wherein

said germanium ions p¢etimplantedaatia dosage obbetweerraboat4E13sand 2ELX3 tonsiem? latan
energy of betwegn -abot202nd 58 KeV: 114odhe methed aceording to Claim 13dvhesein said second
polysilicon layer is. depositegta a thickness.of between aboyt 1000 and 2000 Angstroms, 18, The
method according to Claim 13 whérein said NMOS poqysmcon gates are thick NMOS gates having a

width of more tHarF @bt 3600 Angstiom®and thin NMOS gates having a width of less than about 90
Angstroms and wherein said PMOS polysilicon-germanium gates are thin PMOS gates having a width of
less thans abowt 9Q Angstrems and; fudher somprising patterning saidgalysilicorlayerito fosmmthiek

PMOS gates baying a width ofJnorg than about 3900, Angstrams. 11

15. The method according to Claim 13 wherein said first polysilicon layer is

deposited to a thickness of between about 500 and 2000 Angstroms.

16. The method according to Claim 13 wherein said germanium ions are implanted
at a dosage of between about 1E13 and 2E13 ions/cm2 at an energy of between

about 20 and 50 KeV.

17. The method according to Claim 13 wherein said second polysilicon layer is

deposited to a thickness of between about 1000 and 2000 Angstroms.

18. The method according to Claim 13 wherein said NMOS polysilicon gates are
thick NMOS gates having a width of more than about 3000 Angstroms and thin NMOS
gates having a width of less than about 90 Angstroms and wherein said PMOS
polysilicon-germanium gates are thin PMOS gates having a width of less than
about 90 Angstroms and further comprising patterning said polysilicon layer to

form thick PMOS gates having a width of more than about 3000 Angstroms.
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