METHOD TO SELECTIVELY FORM POLY SiGe P TYPE ELECTRODE AND POLYSILICON N TYPE
ELECTRODE THROUGH PLANARIZATION 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 dual gate electrode
deposition and patterning in the fabrication of integrated circuits. ZC) DESCRIPTION OF THE PRIOR
ART For d?ETr%O&n}i%EaL%&%IeWEW poly gaté tepiétion is one”sF the “cfitical issUes i achieVing High
performance devices. Polysilicon-geérfrmaritat (PolySiGe)-&Van atractive gate material because of its
lower gate depletion and boron penetration and better electron mobility. The main drawback with
PolySiGe is the degradation 9fNMAspnderthe gurrept GMOS process conditions. The germanium ion
reduces overall N-dopant activation in the polygate structure causing degradation to the NMOS structure.
It is desired to form NMOS and PMOS gates selectively where N type gates are formed without SiGe and
P type gatesareforfied With'SiGeIY'S. Patents 6,358,819 B1 to Shelton et al, 5,918,116 to Chittipeddi,
and 6,063,670 B1 to Lin etlat disclose-dual gatécoxidelprecesseshd) SiPatent 6:342,438 B2 t0edu et al

teaches deping PMOSangd NMOSJegigas: differently before patierning polysiicoregates W.S, Patent
5,356,821 19 Naryse SEé‘éé’é%ﬁ'é)sseugﬁéxhadaqro%‘eo‘é§ei§ter9§£e%£§%QPEE‘ONMa9§ %‘&%M&S- Y,S.
Patent 6,376,323 El to Kim et al teaches PolySiGe gates for both PMOS and NMOS with selective
doping. C85éRamy U8 Patent Apittation Sértal Rio. 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.
(2) DESCRIPTION OF THE PRIOR ART

For 0.1 pum 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 boron penetration and better electron mobility. The main drawback with
PolySiGe is the degradation of NMOS under the current CMOS process conditions.
The germanium ion reduces overall N-dopant activation in the ©polygate
structure
causing degradation to the NMOS structure. 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 6,358,819 Bl to Shelton et al, 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 disclose 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.



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. 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 fosr% e SgtggEa&gY%F&%ﬁNtype gates. In accordance with the
objects of the invention, a method for forming selective P type and N type gates is achieved. A first gate
oxide layer is grown overlying:ai semiconductofsybsttate.tAqolysdicontayepis depositedwaverlying the

first gate,Oxide Jayes. The polysilicon dayer is.patigrned to form first NMQJ . gates A secand gate.oxide
layer is g oiévn, c%\@[)lxinoqfthe substtra e. @rpog}/t'silicon-germanium layer is deposited overlying the second

gate oxi e efyler and the ﬁr%tfeggeftaes? he pccﬂysﬁibon-germanium layer and first gates are planarized to a

uniform thickness. The polysilicon first gates and the polysilicon-germanium layer are patterned to form
second NMOS polysiliconAgatesand PMES polysiticonrgenmaniums gatesrAlscién accordancefwith the

objects of theilnyenrtione: a: yaethad forderming.selectivedhick apddhin deyice R {ype and N type-gates is
achieved, A g@i]_ggdggviicne area.and.a thin device Igtr_ggargg asemiconductor substrate are provided. A first

£1io .
gate oxide layer is grown overlying the substrate in each of the device areas. A polysilicon layer is

deposited overlying the first gate oxide layer. The polysilicon layer is patterned to

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.

In accordance with the objects of the invention, a method for
forming selective P type and N type gates is achieved. A first gate oxide
layer 1is grown overlying a semiconductor substrate. A polysilicon layer is
deposited overlying the first gate oxide layer. The polysilicon layer is
patterned to form first NMOS gates. A second gate oxide layer 1is grown
overlying the substrate. A
polysilicon-germanium layer is deposited overlying the second gate oxide layer
and the first gates. The polysilicon-germanium layer and first gates are
planarized to a uniform thickness. The polysilicon first gates and the
polysilicon-germanium layer are patterned to form second NMOS polysilicon

gates and PMOS polysilicon-germanium gates.

Also in accordance with the objects of the invention, a
method for forming selective thick and thin device P type and N type gates is
achieved. A thick device area and a thin device area of a semiconductor
substrate are provided. A first gate oxide layer 1is grown overlying the
substrate in each of the device areas. A polysilicon layer 1s deposited
overlying the first gate oxide layer. The polysilicon layer is patterned to
form first NMOS and PMOS gates in the thick device area and to form first NMOS
gates in the thin device area. A second gate oxide layer is grown overlying
the substrate. A polysilicon-germanium layer is deposited overlying the second
gate oxide layer and the first gates. The polysilicon-germanium layer and the
first gates are planarized to a uniform thickness. The polysilicon first gates

2



form first NMOS and PMOS gates in the thick device area and to form first NMOS gates in the thin
device area. A second gate oxide layer is grown overlying the substrate. A polysilicon-germanium layer is
deposited overlying the second gate oxide layer and the first gates. The polysilicon-germanium layer and
the first gates are planarized to a uniform thickness. The polysilicon first gates 2 and the
polysilicon-germanium layer are patterned to form second NMOS and PMOS polysilicon gates in the
thick devide ar8g, 32ctind NIDS poRsiliCongates s e i dvice Brel, Hid3eddnd PRIOS°
polysilicorrgerimaniimagares i théthin idevite areadirethe fabACativPef amtirftetrated Tifcuit Hevice. Also
in accordance with the ohjects of thednvention, rr@MEO Sy sntegrategecireditdevieesis aehieved.nthe CMOS

integrated Gircuit device, camprises; NMQS and RMQS.polysilican,gates in a thick device area of a wafer,
NMOS polysilicon gates in a thin device area of the wafer, and PMOS polysilicon-germanium gates in the
thin device area of the wafer. BRIEF DESCRIPTION OF THE DRAWINGS In the accompanying drawings
forming a material part of fHig° dé8cripfiohthefe 1S Sholit: Figss I throtigh" ateGross28ectiodPs
representatiensasfed preferred embodiment efthewrésemtinverioni Figo7asea cross-sectional ce
representatign iof-a campleted integratedGirguit fabrcated according taa preferred embediment,of the
present inyention, DESCRIPTION.OF THE PREFERRED EMBODIMENTS Refering nowmare,
particularly to F:?j;’% there is shown a semiconductor substrate 10. This is preferably monocrystalline

silicon. 188fatfg %’ﬁéﬁgff@ﬁ%ﬁugs%ﬁ?ﬁlfoﬁvntréﬁ%hti}éjdia%ﬁi@ B HotEhoRn, "9 Fformed in the substrate

to separate active regions. In the figures, an active

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of this

description, there is shown:

Figs. 1 through 6 are cross-sectional representations of a
preferred embodiment of the present invention.

Fig. 7 1s a cross—-sectional representation of a completed
integrated circuit fabricated according to a preferred embodiment of the

present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more particularly to Fig. 1, there is shown a
semiconductor substrate 10. This 1is 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.



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. 3 A thermal gate oxide layer 14 is grown on the surface of the substrate to a thickness of

between about 12 and 65 AngstBis, Eid préfeianhi Y45 1665 Angstidme” A-BoIyEifican Tayér 16s
deposited'Bveriying tite gateekidge tayér ks @tivickrezsstof Betweenbabout 1506 arfd 2000 Argstiems.
ReferringepowotosBiga 2y theopelysilicost kayari £6rs patterned te farpdirst NMOSard RMOS gates 20 and

22, respegtively; i thethick gate, device arga A and.1o fermsa hin, firsh MO gatg, 24 in the thin gate
device area B. After resist stripping and cleaning, a second thin gate oxide layer 25 is thermally grown
on the surface of the substrate to a thickness of between about 12 and 20 Angstroms. This will form the
gate oxide for the thin PMEFS cgate€l8etrote fo be forntéd stsequénty. Referring néwetd Fighsda
PolySiGe tayerr26 s deposited overrithe secend Yateroxide, layerand overvthe firsthpolyisilidcorygates to a
thicknessief haetwgen abowt d 400 ane2Q00:-Angstroms xMew the PolySiGedayer 26 isplanasized by

chemical mechaniggl polishing (GME) to achigve A uniform gate fhickngss e(é‘aeci@h})x%gef‘é"_yeeer“ fbout

1500 and 2000 Angstroms as shown in Fig. 4. The planarization step facilitates gate patterning

subsequétitly A" 3878 forited bvet the gate fayers to aafine thitk ahd thifi'gate Slectfod&sas shown
in Fig. 5. e polysilicdn dhd*PolySiGe-lajets are etcdired aWay wiierecthielr afenoticovered B #fe mask
paﬂern 3@&KbﬂﬁTB¢ﬁﬂﬁﬁe to be formed subsequently.

Referring now to Fig. 3, a PolySiGe layer 26 1is deposited over
the second gate oxide layer and over the first polysilicon gates to a

thickness of between about 1700 and 2000 Angstroms.

Now, the PolySiGe layer 26 is planarized by chemical mechanical
polishing (CMP) to achieve a uniform gate thickness (height) of between about
1500 and 2000 Angstroms as shown in Fig. 4. The planarization step facilitates

gate patterning subsequently.

A mask 30 1is formed over the gate layers to define thick and
thin gate electrodes as shown in Fig. 5. The polysilicon and PolySiGe layers
are etched away where they are not covered by the mask pattern 30 to form gate
electrodes as shown in Fig. 6. 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 been formed and
PolySiGe PMOS gate electrode 46 has been formed. For example, the thick gates
have a gate width of between about 2400 and 3000 Angstroms and the thin gates
have a gate width of between about 700 and 850 Angstroms.

Fig. 7 illustrates the completed gate electrode devices having

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



electrodes as shown in Fig. 6. 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 been formed and PolySiGe PMOS gate electrode 46 has been formed. For example,
the thick gates have a gate width of between about 2400 and 3000 Angstroms and the thin gates have a
gate width of between about 700 and 850 Angstroms. Fig. 7 illustrates the completed gate electrode
devices having associated Soufée/dah régiord 50 Bhe’ afdlectid €iG&Hal 8paterss224 Th&idfucess of
the presertrinvettion provites afsirmple,c mafufdcturablé tunlrgatecprecess. Fordptimumdserfermance,
thick gate gevipesy have: polysiticon gate elestradeas: while thoPMES deviees are PolySiGe gate
electrodes, \Whilesthe 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. 5 What is claimed is: 1.
A method of forming dual Hates it tRe fabitatioh of andiritegratetd cittaftt evicd totnprisiig: ‘growing a
first gate dielectritelayercoverlying arsibstrate cdepositing a potysitiConilayeroveryimgisaid first gate
dielectricdayes; pattersing said-palysilican layer Joform fisstNMQOS .gatesi thereaftergrowing a second
gate dielglic |pxeroveying salg sRPiLale-depesiting a polisiiconsgermpnium fayer overlying said
second gate



dielectric layer and said first gates; planarizing said polysilicon-germanium layer and said first gates to a
uniform thickness; and thereafter patterning said polysilicon first gates and said polysilicon- germanium
layer to form second NMOS polysilicon gates and PMOS polysilicon- germanium gates in the fabrication
of an integrated circuit device. 2. The method according to Claim 1 wherein said first gate dielectric layer
comprises an oxide grown to a thickness of between about 12 and 65 Angstroms. 3. The method
according to Claim 1 wher®ifi'said poR/ifi€oriiayer is deposited to a thickness of between about 1500
and 2000 Angstroms. 4. The method according to Claim 1 wherein said second gate dielectric layer is an
oxide grawn Aore: thicknesscof hetween abpite:2 and 20 Angstrams:rb.ocFhenrmethegraceording-ta Claim 1
wherein sid; polysiliconsgegmanium layer is deposited to a thickness of between about 1700 and 2000
Angstroms. 6. The method according to Claim 1 wherein said uniform thickness is between about 1500
and 2000 Angst?oms.n‘?. A method’ o ?ormlng dual ga?gs in the fabrication of an mfégrated circuit device
comprising: pro¥itfing & thitk tebice areaaid athit devive &réd of a'substfate; 8gfowing & first Gate
dielectricllayer overlying said substrate in each of said device areas; depositing a polysilicon layer
overlying said figst:gate, diglectrig layeys patterning said-polysilicen Jayemtofosm fisst NMOS and PMOS

gates in said thick device areg and to form.first NMOS gates in.said;thin device area; growing a second
gate dielectric layer overlying said substrate; depositing a polysilicon-germanium layer overlying said
second gatstrate’

depositing a polysilicon-germanium layer overlying said second gate
dielectric layer and said first gates;

planarizing said polysilicon—-germanium layer and said first gates to a
uniform thickness; and

thereafter patterning said polysilicon first gates and said polysilicon-—
germanium layer to form second NMOS polysilicon gates and PMOS polysilicon-

germanium gates in the fabrication of an integrated circuit device.

2. The method according to Claim 1 wherein said first gate dielectric layer

comprises an oxide grown to a thickness of between about 12 and 65 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 second gate dielectric layer

is an oxide grown to a thickness of between about 12 and 20 Angstroms.

5. The method according to Claim 1 wherein said polysilicon-germanium layer is

deposited to a thickness of between about 1700 and 2000 Angstroms.

6. The method according to Claim 1 wherein said uniform thickness is between

about 1500 and 2000 Angstroms.

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

providing a thick device area and a thin device area of a substrate;



dielectric layer and said first gates; planarizing said polysilicon-germanium layer and said first gates to a
uniform thickness; and thereafter patterning said polysilicon first gates and said polysilicon- germanium
layer to form second NMOS and PMOS polysilicon gates in said thick device area, second NMOS
polysilicon gates in said thin device area, and second PMOS polysilicon-germanium gates in said thin
device area in the fabrication of an integrated circuit device. 8. The method according to Claim 7 wherein
said first gate digiS&t Iy er 5> anToxide gfownto a thidkiess o vetie s sboUtt2"did 65" ARgStroms. 9.
The metldd sccbrdifigt® Efair 7 wherein said polysilicon layer is deposited to a thickness of between
about 1500 and208008:Angstramso 10s fMhe snethog-accorging itosClaimi7 whereingsaid secardgate
dielectric.layer ; is an oxide grown to a thickness of between about 12 and 20 Angstroms. 11. The method
according to Claim 7 wherein g,aéd é)aollggﬁihlcgcrg%e{manlutrg I@é% [ ,deggosn%g toa thickness of between

about 1700 andpféﬁﬁrﬂﬁﬁgtr%rﬁs. e method according to Claim 7 Wheréin said uniform thickness is

between 5abdut 560 Hid 2000 Engsttoms £ 237 The thetfGd &céording o7 Elairh'7 Whékéin sakf NMOS
and PMOS polysiicomagates irsaidahick devdcerdared mave avwidthi of betweenabout:2400 and 3000

Angstroms. 7 14..FTheimethod agearding:to, Clainnéd wherein said NMMOS pojysilicen gates,in said thin
device argpé@ggtergcw'gtgegf between, apprlett7th%rsld 850 Angstroms. 15. The method according to Claim
7 wherein said PMOS polysilicon-germanium gates in said thin device area have a width of between

about 700 and 856 "Angstrome? '16.°8 CMO S Hteyratdd cifeuit deVicd Cofidfisihg: 5t 92t t° @

uniform thickness; and

thereafter patterning said polysilicon first gates and said polysilicon-—
germanium layer to form second NMOS and PMOS polysilicon gates in said thick
device area, second NMOS polysilicon gates 1in said thin device area, and
second PMOS polysilicon-germanium gates 1in said thin device area 1in the

fabrication of an integrated circuit device.

8. The method according to Claim 7 wherein said first gate dielectric layer is

an oxide grown to a thickness of between about 12 and 65 Angstroms.

9. The method according to Claim 7 wherein said polysilicon layer is deposited

to a thickness of between about 1500 and 2000 Angstroms.

10. The method according to Claim 7 wherein said second gate dielectric layer

is an oxide grown to a thickness of between about 12 and 20 Angstroms.

11. The method according to Claim 7 wherein said polysilicon-germanium layer

is deposited to a thickness of between about 1700 and 2000 Angstroms.

12. The method according to Claim 7 wherein said uniform thickness is between

about 1500 and 2000 Angstroms.

13. The method according to Claim 7 wherein said NMOS and PMOS polysilicon
gates in said thick device area have a width of between about 2400 and 3000

Angstroms.



NMOS and PMOS polysilicon gates in a thick device area of a wafer; NMOS polysilicon gates in a thin
device area of said wafer; and PMOS polysilicon-germanium gates in said thin device area of said wafer.
17. The device according to Claim 16 wherein said NMOS and PMOS polysilicon gates in said thick
device area comprise: a gate oxide layer having a thickness of between about 45 and 65 Angstroms; and
a polysilicon layer having a thickness of between about 1500 and 2000 Angstroms and having a width of
between about 2400 5kt 3600°Afgstrois. “18. Thé d&Vite dccbiting 16 TRIm' 16 Whdteif s&f1 NMOS
polysilicorrgatésin daid thirrtevite drea tontprisé: tegate bxidedayét havihg’ athicknréssof-between
about 12 and 20 Angstroms; and a polysilicon layer having a thickness of between about 1500 and 2000

/érgstro?% sn@n@a%@gl@dwi%taoqfdl@@y%n @hout 700.and. %Oﬁm%siﬂ?&j b9y Ihe device accarding to
aim 16 wherein said PM olysilicon-germanium gates in said thin device area prise: a gate
oxide lay & e HekrOa T of BatieoR aBoqt 3 i 50 Ang s SHe ATd & Lot b G aum
layer haviftg & thitkness of between about 1500 and 2000 Angstroms and having a width of between

about 700 and 850 Angstroms. 8

16. A CMOS integrated circuit device comprising:
NMOS and PMOS polysilicon gates in a thick device area of a wafer;
NMOS polysilicon gates in a thin device area of said wafer; and

PMOS polysilicon—-germanium gates in said thin device area of said wafer.

17. The device according to Claim 16 wherein said NMOS and PMOS polysilicon
gates in said thick device area comprise:

a gate oxide layer having a thickness of between about 45 and 65
Angstroms; and

a polysilicon layer having a thickness of between about 1500 and 2000
Angstroms and having a width of between about 2400 and 3000 Angstroms.

18. The device according to Claim 16 wherein said NMOS polysilicon gates in
said thin device area comprise:

a gate oxide layer having a thickness of Dbetween about 12 and 20
Angstroms; and

a polysilicon layer having a thickness of between about 1500 and 2000

Angstroms and having a width of between about 700 and 850 Angstroms.

19. The device according to Claim 16 wherein said PMOS polysilicon-germanium
gates in said thin device area comprise:

a gate oxide layer having a thickness of between about 12 and 20
Angstroms; and

a polysilicon-germanium layer having a thickness of between about 1500

and 2000 Angstroms and having a width of between about 700 and 850 Angstroms.



