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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 N-type and P-type electrodes using germanium

implantation in the fabrication of integrated 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) is an attractive gate material
because of its lower gate depletion and boron 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. Tt 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 B 1 to Lin et al

di scl ose dual gate oxide processes. U S. Patent 6,342,438 B2 to Yu et al

t eaches 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 Kimet al teaches PolySi Ge 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 Cctober 8, 2002 discloses a nethod for
formng Si Ge gates having different Ge concentrations for PMOS and NMOS.
Co- pendi ng WU.5.Patdagt 88, Wopb iChatipoidi Sat 6,663 ,0K. B 10/ 69 7 d4eclogSdwn £a83) fil ed
on Cct ober 30, 2003 discloses a nethod for formng Si Ge gates for PMOS and
pol ysikide procaate sU.BoPattivIBR 43138 B 2a0 dliedt abiepdsi tibpng PEIOS matNMOSIragiopy ocess.
SUMMARY COF THE | NVENTI ON Accordingly, a primary object of the invention is
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el ectrodes in the fabrication of integrated circuits. A further object of
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forming SiGe gates having different Ge concentrations for PMOS and NMOS. Co-pending U.S.
Patent Application Serial No. 10/697/746 (CS-01-193) filed on October 30, 2003 discloses a
method for forming SiGe gates for PMOS and polysilicon gates for NMOS using a dual deposition

and patterning process.
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.

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.




Yet another object of the invention is to provide a process for formng

sel ective gates wherein polysilicon-germaniumis used for thin P type
gates and wherein polysilicon is used for N type gates and thick P type
gates using a selective Ge inplantation process. A further object of the
invention is to provide a process for form ng selective gates wherein
polysilicon-germaniumis used for thin P type gates and wherein polysilicon
is used for N type gates and thick P type gates using selective Ge

i npl antation and a split polysilicon process. A still further object of the
invention is to provide a process for form ng selective gates wherein

pol ysi | i conYgeanénr it f tssidvénsiontihioprdideprroeess &y fameingkdecsiva gpes ysi | i con
is used for N type gates and thick P type gates using a selective Ge
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sem conduct or substrate. A polysilicon |ayer is d poslte overlying the

gat e B¥rdales a%tth_lckg’ type gates using selective Ge implantation and a split polystlicon 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 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 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.

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.




Germaniumions are inplanted into a portion of the polysilicon |ayer not
covered by a mask to forma polysilicon-germanium|ayer. Nitrogen ions are
inplanted into the polysilicon-germanium |ayer. The polysilicon |ayer and
the polysilicon-germanium | ayer are patterned to form NMOS polysilicon
gates and PMOS pol ysilicon-germani um gates. The gates are annealed to

redi stribute the germaniumions through the polysilicon-gernmanium | ayer of
t he PMOS pol ysilicon-germanium gates. Al so in accordance with the objects
of t h&ermuwwniions araiveniansed iniotdralione! the pelyFicadpes mpleovepdtygengkd N t ype
gates is achieved. A gate oxide |layer is grown overlying a sem conductor
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| ayer. Germaniumions are inplanted into a portion of the first
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part qn this description, there is shown: Figs. 1 through 5 are

cr oss#8&¢t i onal representations of a first preferred enbodi nent of the
present invention. 4

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 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 is a cross-sectional representation of a conpleted integrated
circuit fabricated according to a first preferred enbodi nent of the
present invention. Figs. 7 through 10 are cross-sectional representations
of a second preferred enbodi nrent of the present invention. Fig. 11 is a
cross-sectional representation of a conpleted integrated circuit fabricated
according to a second preferred enbodi nent of the present invention. Figs.
12 through 16 are cross-sectional representations of a third preferred
enbodi nent 6fg. 6 ihecippsesseiinnal rpeasentaiion giagompietqddnigeiatedsircyis &brispfed
representation of a conpleted integrated circuit fabricated according to a
t hi r da@oefier edirstyyoitirne anbadimehterf phegwesent inmerdioni on. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Three preferred enbodi nents of the present invention
are to be described. The first preferred enbodinent, illustrated in Figs.
1-6, conprises a selective Ge inplantation process. The second preferred

enbodi ment , pigk! Ueksahad aderbisORctioiral depree@iTRIonS 6Fa fectRd Brefdréd ef®odiment
inplantation with redistribution process. The third preferred enbodi nent,

illus il iBed80n 12-17, is a selective Ge inplantation and split
polys?fﬁégnsprécgssqlS The first preferred enbodiment wll now be descri bed

with reference to Figs. 1-6. Referring now nore particularly to Fig. 1,
there is shown a sem conductor substrate 10. This is

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 representations of a third preferred embodiment of

the present invention.

Fig. 17 is a cross-sectional representation of a completed integrated circuit fabricated

according to a third preferred embodiment of the present invention.

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.




preferably nonocrystalline silicon. Isolation regions, such as shall ow
trench isolation (STI), not shown, are fornmed 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 wll
be shown on the right. For exanple, thick gate devices have a gate wi dth
of nore than about 2400 Angstrons. Exanples of thick gate devices are 2.5V
i nput/out put devices. Thin gate devices have a gate width of |ess than
about 800 Angstronms. Exanples of thin gate devices are 1.0V low threshold
vol tage devices. A thermal gate oxide layer 14 is grown on the surface of

t he subst r afhe fisst prefdrrediombsdinaht whktove bodabobdd wizh mfmlerR® tAREst -onms. A
polysilicon layer 16 is deposited overlying the gate oxide |ayer to a
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2, a mask 20 covers the regions not requiring polysilicon- germani um gates.
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gates are reqU|re only in the thin gate area B. Referring nowto Fig. 3,
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by t he mas era gernanlun1|o are inplanted using eavy dose
t bout 3 and 2 r e out 20
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The p?ﬁ(}\,\lmoonn tﬁe r}glit tthn exaP Stl|11|c1|< ge?ter:] d(lav?é/ es ha{fes a gate vsp CRLy§ 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 14 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.

Referring now to Fig. 2, a mask 20 covers the regions not requiring polysilicon-
germanium gates. Thick gate performance is not badly degraded, so the polysilicon-germanium

gates are required only in the thin gate area B.

Referring now to Fig. 3, germanium ions are implanted 25 into the polysilicon layer 16
not covered by the mask 20. Preferably, germanium ions are implanted using a heavy dose of

between about 1E13 and 2E13 ions/cm?2 at an energy of between about 20 and 80 KeV.




An etching mask, not shown, is forned over the gate |ayers to define thick
and thin gate electrodes. The polysilicon 16 and Pol ySi Ge 22 | ayers are
etched away where they are not covered by the nask pattern to formgate

el ectrodes as shown in Fig. 5. In the thick device area A, polysilicon NMOS
gate el ectrode 30 and polysilicon PMOS gate el ectrode 32 have been forned.
In the thin device area B, polysilicon NMOS gate el ectrode 34 has been
formed and Pol ySi Ge PMOS gate el ectrode 36 has been forned. For exanple,
the thick NNOS, tadmpigtigamesk Haisstrippeshiiothewafin frigr 4 Thaporipodt oBheo
Angstrons, the thin NMOS gates have a width of |ess than about 60

Angst pelyslicaridyed benddMuBy$lley Si Ge gat es have a width of | ess than about 90
Angstronms. Fig. 6 illustrates the conpl eted gate el ectrode devi ces having
associ ated source/drain regions 50 and dielectric sidewall spacers 52. The
second preferred enbodi mrent will now be described with reference to Figs.
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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 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 heavy dose of between about 1E13 and 2E13 ions/cm2 at an energy of between

about 20 and 80 KeV,

Fig. 7 illustrates 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




bet ween about 10 and 100 KeV. Now, the inplantation mask 20 is stripped as
shown in Fig. 8 Nitrogen inplanted region 26 is shown in the top portion
of the germaniuminplanted region 24. An etching nask, not shown, is forned
over the gate layers to define thick and thin gate electrodes. The

pol ysilicon 16 and Pol ySi Ge/ pol ysilicon 26/ 24/ 16 |ayers are etched away
where they are not covered by the mask pattern to formgate el ectrodes as
shown in Fig. 9. Now, a redistribution annealing is perforned to diffuse

t he gaermpianied tbingadhootdosh el bahwpgasibpiicldt 3 laag dE T bionshaZ phitherprpD®igat e.
Preferably, the wafer is annealed in an inert anbient at a tenperature of
bet webstwadioaltouB0Dargnid01200 oC for 30 to 120 m nutes. The nitrogen dopants,
havi ng | arger mass, cause the gernmani um dopants to redistribute. As shown
in Fig. 10, in the thick device area A, polysilicon NMOS gate el ectrode 30
and polysilicon PMOS gate el ectrode 32 have been fornmed. In the thin

devi ce ar eanBw, BR!i¥piahiation MO gaifhped ecdhbden B4 BaNihaRn ihphikd r%il@q
Pol ySi Ge PMOS gate el ectrode 38 has been forned. For exanple, the thick

NMOS in @GS AY, LAtnR AR EdBRoARut 3000 Angstrons, the
thin %ﬁ%éﬁgg?géghéﬁﬁja ﬁﬁ%?ﬁw% ess llﬁﬁlan about 60 Angstrons, and the PMOS
Pol ySi Ge gates have a width of |ess than about 90 Angstrons. Fig. |1
illustrates the conpleted gate el ectrode devi ces having associ at ed

r rai regi on i, [i [ | | : .
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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 annecaling 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 oC 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 assoctated source/drain

regions 50 and dielectric sidewall spacers 52.




The third preferred enbodi nent will now be described with reference to
Figs. 12-16. Referring now nore particularly to Fig. 12, there is shown a
sem conductor substrate 10. This is preferably nonocrystalline silicon.

| sol ation regions, such as shallow trench isolation (STlI), 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
t hi ckness of between about 12 and 20 Angstrons. Since high inplanted

ger mani um c dite dntd efeond embadiviehtiwidlulow betdssaibleil ey, refehdinse nfipdil Rd At
utilizes a split polysilicon process. Athin polysilicon |ayer will be
depos Ricehingeswradkdpartidul drl yie Figrpb ahtreds stand a desicontiectoresubstraanty). piiiysi | i con
will be deposited. A first polysilicon layer 16 is deposited overlying the
gate 9@&%1&%@%@@@ Bilicds) @s%atioh rbabyearhab et lowdfdcandlad 00BN ast r ons.
Referring now to Fig. 13, a mask 21 covers the regions not requiring

pol ysiydv&0 e BERIPRIMABAIESto szﬁarﬁteiaemaﬁgén@ th o0 fidh6s, bhbake9akish Alga A
and a portion of the thin gate area B. w, germaniumions are inplanted
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about 20 and_ 50. KeV. Now, the inplantation mask 21 is stripped as shown in
Fig. POt hanie i npl anted regions 28 are shown. Referring now to Fig.
15, a second polysilicon layer 39 is

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 implanted germanium concentrations are difficult
to achieve, this 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
first polysilicon layer 16 is deposited overlying the gate oxide layer to a thickness of between about

500 and 2000 Angstroms.

Referring now to Fig. 13, a mask 21 covers the regions not requiring polysilicon-
germanium gates. This includes all of the thick gate area A and a portion of the thin gate area B,
Now, germanium ions are implanted 27 as shown in Fig. 13. Preferably, germanium ions are
implanted using a heavy dose of between about 1E13 and 2E13 ions/cm2 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 is




9 deposited over the first polysilicon layer to a thickness of between
about 1000 and 2000 Angstrons. An etching mask, not shown, is fornmed over
the gate layers to define thick and thin gate electrodes. The polysilicon
39/ 16 and Pol ySi Ge/ pol ysilicon 39/28/16 | ayers are etched away where they
are not covered by the mask pattern to formgate el ectrodes as shown in
Fig. 16. In the thick device area A polysilicon NMOS gate el ectrode 40
and polysilicon PMOS gate el ectrode 42 have been formed. In the thin

devi cdepapited ®er holfiygirplyvsdisonvms tgatthickese el siecen abaigd Op@apd Hl0med  and

Pol ySi Ge PMOS gate el ectrode 46 has been forned. For exanple, the thick
NMOS angstie3S Arngeitiesg maske nat shbdhhis ddrmredosert thagataboers t3deneahigs andiign and t he
thin NMOS gates and the PMOS Pol ySi Ge gates have a width of |ess than

about o 20 clbagsies. OTR:. poksisticod 3941 b ks Polal £%/fdhgilzonphesdd 1gatcare bebtd oy
devi ces havi ng associ ated source/drain regions 50 and dielectric sidewall
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departing fromthe spirit and scqge of the invention,
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 been described to form polysilicon-

germanium thin PMOS gates by germanium tmplantation.
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.
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10 What is clainmed is: 1. A method of form ng dual gates in the fabrication
of an integrated circuit device conprising: growng a gate oxide |ayer
overlying a substrate; depositing a polysilicon |layer overlying said gate
oxi de layer; inplanting germaniumions into a portion of said polysilicon

| ayer not covered by a mask to forma polysilicon-germaniumlayer; and
patterning said polysilicon | ayer and said polysilicon-germanium|layer to
form NMOS pol ysilicon gates and PMOS pol ysilicon-germani um gates wherein
sai d NVBGisgdipsd isi con gates are thick NMOS gates having a width of nore

t han 2400 Angstrons and thin NMOS gates having a width of |ess than 800
Angst il offsneting oftfemeng deaigatePiis: fpbiygioniof eningegratethtivmitgleyiss camprisig:n -~ PMOS
gates having a width of |less than 800 Angstrons. 2. The nethod according to
A ai m 1 waergh$a gate dxgatsecontgingaysabstiase;gr own to a thi ckness of between
about 12 and 20 Angstrons. 3. The nethod according to Claim1l wherein said

pol ysi |'i caeydsAera ﬂofP/SQQB@%yEﬁQ/eFiS?mQsﬁlﬁlgﬁf@lﬁ&ﬁa |9fer; bet ween about 1500 and
2000 Angstrons. 4. The nethod according to aiml| wherein said gernmani um

ions are Hg@%@tﬂ{%rﬁﬁmamq&%q% a oﬂ:&%ﬂ@@ﬁng&}?ﬂﬁonj}% ndNGvEEd 3y L Onsk ?dTQ at

an energy en about 20 arid 80 KeV The n¥t hod accordlng to Caim

1 Vmelfgﬁnna %g y(SjlhE:(I;]n %&n’?{m Ig%ref?ndhave a width of nore than

patterning said polysilicon layer and said polysilicon-germanium layer to form NMOS
polysilicon gates and PMOS polysilicon-germanium gates wherein said NMOS polysilicon gates
are thick NMOS gates having a width of more than 2400 Angstroms and thin NMOS gates having
a width of less than 800 Angstroms and wherein said PMOS polysilicon-germanium gates are thin

PMOS gates having a width of less than 800 Angstroms.

2. The method according to Claim | 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 1513 and 2E13 ions/cm” at an energy of between about 20 and 80 KeV.

5. The method according to Claim I wherein said thick NMOS gates have a width of more than

about 3000 Angstroms, said thin NMOS gates have a width of less than about 60 Angstroms and

11




about 3000 Angstroms, said thin NMOS gates have a width of |ess than about
60 Angstrons and 11 said thin PMOS gates have a width of |ess than about
90 Angstroms and further conprising patterning said polysilicon |layer to
formthick PMOS gates having a width of nore than about 2400 Angstrons. 6.
A method of form ng dual gates in the fabrication of an integrated circuit
device conprising: growing a gate oxide |ayer overlying a substrate;
depositing a polysilicon | ayer overlying said gate oxide |ayer; inplanting
ger masdidithui BMES gites havpomidtbef shs ban ebquoPY Singstecwrs dndyetheneeampidiieg ed by a
mask to forma polysilicon-germanium | ayer; thereafter inplanting nitrogen
i ons pattepis@said palysiidni leym tgtrmuhick PMQY eates ipaintger widtigofsaird tipolapsutl 2460n

| ayer and said polysilicon-germanium/|layer to form NMOS polysilicon gates
and PMp&tialsysi | i con-germani um gates; and thereafter annealing said
substrate wherein said germaniumions are redistributed throughout said
pol ysilicon-germanium | ayer in said polysilicon-germanium PMOS gate in the
fabrication of an integrated circuit device. 7. The nethod according =to

S I T LR L
polysilicop |ayel odiSofigoRsh! §ulded shilgleness of
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;
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 said gate oxide layer is grown to a thickness of

between about 12 and 20 Angstroms.

8. The method according to Claim 6 wherein said polysilicon layer is deposited to a thickness of

between about 1500 and 2000 Angstroms.
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bet ween about 1500 and 2000 Angstrons. 12 9. The nethod according to Claim
6 wherein said germaniumions are inplanted at a dosage of between about
1E13 and 2E13 ions/cn2 at an energy of between about 20 and 50 KeV. 10. The
met hod according to Claim®6 wherein said nitrogen ions are inplanted at a
dosage of between about 1E13 and 4E13 ions/cnR2 at an energy of between
about 10 and 120 KeV. 11. The nethod according to Claim6 wherein said step
of annealing said substrate conprises annealing in an inert anbient at a

t enpef atherectbéd mspudbentodBaint 6 8derchrgidizopardundens3ge tgplagel atpidogegeof 12, The
met hod according to G aim6 wherein said NMOS polysilicon gates are thick
NVOS gettvesn abivay i BIp andiEd 6 horofemfot en tieagy efbelvecB@bOutAAgsd F@KsVand t hi n NVOS
gates having a width of less than about 60 Angstrons and wherein said PMOS
pol ysilicon-germani umgates are thin PMOS gates having a width of |ess

t han about 90 Angstrons and further conprising patterning said polysilicon

| ayer |4 oreahdhdicekrd RIS CAahES whd¥innGidhittdgdh RorRfard@iRar b adldgitle 03000
Angstronms. 13. A nmethod of form ng dual gates in the fabrication of an

| Nt eOpatR MdietE Ly ARVIEAS IR R bl nerf OMclfld k3 00k 480 kayer overlyi ng
a substrate; &ep05|t|ng a first polysiTicon |ayer overlying said gate oxide
| ayer; inplanting germaniumions into a portion of said first polysilicon

| ayer not covered by a nask to forma polysilicon-germanium | ayer;

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;
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
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thereafter depositing a second polysilicon |ayer overlying said first
polysilicon layer and said polysilicon-germanium]|layer; and 13 patterning
said second polysilicon layer, said first polysilicon |ayer, and said

pol ysilicon- germanium | ayer to form NMOS pol ysilicon gates and PMOS

pol ysi |l i con-germani um gates wherein said NMOS polysilicon gates are thick
NMOS gates having a wdth of nore than 2400 Angstrons and thin NMOS gates
having a width of |ess than 800 Angstrons and wherein said_ PMXS

pol ysi | i coAteRingE# serogapelysitipen apgrnsaphirst prlyalcanddyshging st gelysdieon-ess t han
800 Angstrons. 14. The nethod according to Caim 13 wherein said gate

oxi de gerayeaiuni Bygrtoviernt SMOS polpkihemszatss angh BMSe mokbsidigen-gmgninpgiteingst r oms.
15. The method according to Claim 13 wherein said first polysilicon |ayer

i S depostcireshid NMOS pdiydhovagaten fardibickeeviO8pates h500g anddtR0Mofkngst 260G, 16.
The net hod according to Caim1l3 wherein said germaniumions are inplanted
at a desagsndind thatveEes gakeUbvidid icA & Bed thah B0/ 013Rr@hs & GIResig Yaiof

bet ween about 20 and 50 KeV. 17. The nethod according to Caim 13 wherein

sai d @Wgolggli&’o?{-%ér&%u&%ﬁés altSthAEPABIStAts havide a Wi lPRESIHG] dogt ween about
1000 and 2000 Angstrons. . The met hod according to Caim 13 wherein said

t hi CkA’H{gE&; tes have a wwdth of nore than about 3000 Angstrons, said thin
NMOS gates have a width of |ess than about 60 Angstrons and

14. The method according to Claim |3 wherein said gate oxide layer is grown to a thickness of

between about 12 and 20 Angstroms.

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/cm’ 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 thick NMOS gates have a width of more than

about 3000 Angstroms, said thin NMOS gates have a width of less than about 60 Angstroms and

said thin PMOS gates have a width of less than about 90 Angstroms and further comprising
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said thin PMOS gates have a width of |ess than about 90 Angstrons and
further conprising 14 patterning said polysilicon |ayer to formthick PMOS
gates having a width of nore than about 2400 Angstronms. 15

patterning said polysilicon layer to form thick PMOS gates having a width of more than about 2400

Angstroms.
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