METHOD TO SELECTI VELY FORM POLY Si Ge P TYPE ELECTRCDE AND PCLYSI LI CON N
TYPE ELECTRODE THROUGH PLANARI ZATI ON BACKGROUND OF THE | NVENTION (1)

FI ELD OF THE | NVENTI ON The present invention relates to the fabrication of
integrated circuit devices, and nore particularly, to a method of
selective gate N--type and P-type el ectrodes using dual. gate el ectrode
deposition and patterning in the fabrication of integrated circuits. (2)
DESCRI PTI ON OF THE PRI OR ART For 0.1 pm CMOS and bel ow, poly gate depletion
is one of the <critical issues in achieving high performance devi ces.

Pol ysilicon-germanium (PolySiGe) is an attractive gate material because of
its | onerzgrberdepletieny Faﬁppmr %eqert@tgr @tec%n@nﬁnb&attﬁh&tqex@trtp@
nmobility. The main drawb ack mn Mmg e kS, TONdegradatlon of NMOS under
the current CMO3S process condi® |ons %ﬁé gtﬁﬁnluntlon reduces over al
N--dopant activation in the polygate structure causi ng degradation to the
NMOS structure. |t i ssadesiomedot guf arvaniMBS and PMOS gates sel ectively
where N type gates are forned without SiGe and P type gates are forned
with Si 8,819 Bl to Shelton at al, 5,918,116 to
Chittipqﬁjbgp§58Fg%gm§§égg 1 to Lin et al disclose dual gate oxide
processes. U.S. Paf&htr&e342r438 1 B2rt5tyu tet trgl faheachey dbpirktf PMCS and
NMOS r egiionst dhivifer emtd yogeborecpativer vi pgngpoby Sitl scemnigatese M e Pat ent
5, 356, 82hat0.1 yNALUSE r8desals:di SEkOSE epiitaxbal g5aw HnofaShirgahges:if or both
NMOS and, PMOS. ; %ﬁé g&%ghmgdngnggQ Bl to Kimat al teaches PolySi Ge

gat es for both P ' )

(2} DESCRIPTICN OF THE PRIOR ART

For £.1 um CMOS and below, poly gate depletion is one of the
critical issues in achieving high performance devices. Polysilicon-germanium
(PolyS8SiGe) 1s an attractive gate material because of its lower gate depletion
and boron penetration andmbetter electron mobility. The main drawback with
PolySiGe is the degradation of NMOS under the current CMOS process conditions.
The germanium ion reduces overall HN-dopant activation in the polygate
structure
causing degradation to the NMOS structure. It is desired to form NMOS and
FMOS 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.3. Patent 6,342,438 B2 to Yu et al teaches doping PMOS and KNMOS regions
differently before patterning peolysilicon gates, U.5. Patent 5,356,821 to
Naruse et al disclose epitaxial growth of SiGe gates for both NMOS and PMOS.
U.5. 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

S5iGe gates having different Ge concentrations for PMOS and NMQOS.



NMOS wi th sel ective doping. Co-pending U S. Patent Application Serial No.
10/ 266, 425 (CS-01-093) filed on COctober 8, 2002 discloses a nethod for
formng SiCGe gates having different Ge concentrations for PMOS and NMOS. 1
SUMVARY OF THE | NVENTI ON Accordingly, a primary object of the invention is
to provide a process for selective gate formation for N type and P type

el ectrodes in the fabrication of integrated circuits. A further object of
the invention is to provide a process for formng selective gates for N
type (Wwthout SiGe) and P type (with SiGe) electrodes in the fabrication
of integrated circuits. Another object of the invention is to provide a

process for formng selectivg.gates when&km BRI ysilicon-germaniumis 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
met hod for form ng2serégeive2Ptiype andeNofype gatesepsisaghireveds A first
gat e oXigdeceskayer sélecgrowrteverhytiing @r Senyeonauct oypesubstrate. inAthe

pol ysi I iGon J.ayarod Snccdepesitied;;oyerlying the first gate oxide layer. The
polysilicon layer is patterned to formfirst NMOS gates. A second gate

oxi de layer is grown overlying the substrate. A polysilicon-gernmani um
| ayer is deposited dVEFHA ngPhe Setnd Gat € oki de Payele = arfdctte 4 r st
gat es. Thenipel ysickiiconcgerman umtvayerviand:f byst gat es tare (vplrarmaréized to a

uni f or mdihickRessy cTheapakysichigombirsta gatescand the polysilicon
-germani um | ayer are patterned to form second NMOS polysilicon gates and

PMOS pol ysi | i con-ger mani um gat e
Ancther object of the invention is to provide a process for

forming selective gates wherein pelysilicon—-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 is grown overlying a semiconductor substrate. A polysiliceon layer is
deposited overlying the £first gate oxide layer. The polysilicon layer is
patterned to form first HNMOS gates. A second gate oxide layer 1is grown
cverlying the substrate. A
polysilicon-germanium laver 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 laver are patterned to form second NMOS poelysilicon

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 1s 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
form first NMOS and PMCOS 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 oxlde layer and the first gates. The polysilicon-germanium laver and the
first gates are planarized to a uniform thickness. The polysilicon first gates
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Al so in accordance with the objects of the invention, a nethod for formng
sel ective thick and thin device P type and N type gates is achieved. A
thick device area and a thin device area of a sem conductor substrate are
provided. A first gate oxide |layer is grown overlying the substrate in
each of the device areas. A polysilicon layer is deposited overlying the
first gate oxide |ayer. The polysilicon layer is patterned to formfirst
NMOS and PMOS gates in the thick device area and to formfirst NMOS gates
in the thin device area. A second gate oxide layer is grown overlying the
substrate. A polysilicon-germanium|ayer is deposited overlying the second
gate oxige dray&hyand.dhe. fidsh 1g9<l.re§m Fhe polysd kLGORQ8s WBEY um bayer and
the first gales ane.plhanarized to.a uniform (higkness. The belysilicon
first gdtes and t he 'pol ysi i con-gernanium [ ayer ‘are patterned to form
second NVESARFPMES® Fol 3781 Fi°eth "Hat 8% 7F h-irhe gﬁ?ﬁaék“”dé%eéemak%eath%cond
NMOS poldgsidel egn gaties féwicdthen thian devieecaresuiandvgecond PMOS

pol ysilicon--gernmaniumgates in the thin device area in the fabrication of

an integrated circuif dey a%%%mALcse bk ggoorbdgcqgeow &0 the o Ae% g%&sf the

invention, a CMOS 1ntegrated circuit evice i s achieve

i nt egr atlé‘BegéF‘FE’éjU|Ctm"cfé§7| Tt ol sieg s hvise ah“’d)SPWEB‘gb?ﬂef}sF}“Bb% GatEs in a

t hi ck depirwesear diCoRnd T erlysiNMOS oty Skl 4 conckgatese iarea dfhs rradevi ce area
of the water po:andhiPMISsatpel ysi bi can: gesaeni wm.gairescnkn wthe, t Bhd deys ce area

of the %Eﬂllléﬁ'ﬁ m%{?«%kf’@ (N LF THELDRAWINGS L n, Lhe cacconpanyi ng

draw ngs formng a material part of this description, there is shown:
Figs. 1 through 6 are cross-sectional representations of a

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 inventicn.

Fig. 7 1is a cross-secltional representation of a completed

|
1

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 subsirate 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 aboul 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.




preferred enbodi nent of the present invention. Fig. 7 is a cross-sectional
representation of a conpleted integrated circuit fabricated according to a
preferred enbodi nent of the present invention. DESCRI PTION OF THE
PREFERRED EMBODI MENTS Referring now nore particularly to Fig. 1, there is
shown a sem conductor substrate 10. This is preferably nonocrystalline
silicon. |Isolation regions, such as shallow trench Isolation (STl), 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

| eft and an active region B for thin gate devices will be shomn on the

ri ght. For exanple, Atme%lg@m os;lfd\él @g@rh@vesagrg@rt enWdt B, .0f . fmze. than

about 2400 Angstroms anp evi ces are 5V i nput / out put
v ces. rA0E b o G Rare kb et aPaR O MESS-Phan® i B00

Angst r on's. tEx%“’nﬁP%%r@‘fs tﬁlf??}@%“tléc‘ﬂ}e\%ﬂfési%\r‘é E‘LCIGVKGPOW@FH%ghB}edWWI t age
devi ces.ox3cA ltrer mak Qatieeoxicteck@perabbdt i1500grewWacONAtshersgur f ace of the
substrate to a thickness of between about 12 and 65 Angstrons, and
preferably 45 to 6 n roms.. A polysili layer, 1.6 s, deposited
overlying the gate §o§|]g§Itg Rt Foig 2 hlcQﬁe§s “"bet\een ab %ti%ﬁb and
2000 Angst f difs! ”ﬁ%ﬁ%@?ﬁﬁ@i%@§ﬂ¥%eﬁﬁﬁ m?*2%héaﬁﬁwy§?WrcﬁhtP%9@Fd16“F

pat t er negvideoafagr m 4rdr st TAMOS anid PMEE et ext@(iabd tB2 thiespeetdevidey, in
the thickegatl enridevicer iedpAndndd oef@rdn & Lhi ik Sfac NMXS:0atRr 24 i n the

thin gatl% g??\“ngﬁly &J’ogﬁ o§ ]Af E\grrfag %kSghesEJblsngthg:oaQq:hQLk%ggé Q)g’ be%wge%cond

thin gate oxid I'S thermally grown on the surface

substrataé’o‘fto lé ?rﬁll %&dgjg%tr(gflsbér{lb%érﬁll forfm the gate ox1de for the thln PMOS

gate electrode to be formed subseguently.

Referring now to Fig. 3, & 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 laver 26 is planarized by chemical mechanical
pelishing {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 is 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 bheen formed. In
the thin device area B, polysilicon NMOS gate electrode 44 has been formed and
PolySiGe PMOS gate electrede 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

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




about 12 and 20 Angstroms. This will formthe gate oxide for the thin PMOS
gate electrode to be fornmed subsequently. Referring nowto Fig. 3, a

Pol ySi Ge | ayer 26 is deposited over the second gate oxide |ayer and over
the first polysilicon gates to a thickness of between about 1700 and 2000
Angstrons. Now, the PolySi Ge | ayer 26 is planarized by chem cal. mechanica
polishing (CMP) to achieve a uniformgate thickness (height) of between
about 1500 and 2000 Angstrons as shown in Fig. 4. The planarization step
facilitates gate patterning subsequently. A nmask 30 is forned over the
gate layers to define thick and thin gate el ectrodes as shown in Fig. 5.

The ponS|I|con andlﬁ@|M§b&§ |éye@é RE&et chedanaywhele they.gle not
covered be er&ﬂ JRattern 30 to orn1gate eg%gg&ggde§cﬂs sho n.in Fig. 6.
In the tRICREAEVI Ce“dred A PPorysi 17 con RVoS &l 6¢17 otfe” 407 and
ponS|IPéﬁhPPNES“qaf§a€fé&??éﬂ?s¢? Have hEEy Wﬁfﬁ%ﬁarqﬁohfﬁﬁ %ﬁFn devi ce
area B, e¢pedtysddsicon NMOS gate el ectrode 44 has been forned and PolySi Ge

PMOS gate el ectrode 46 has been forned. For exanple the thick gates have
a gate width of bet out 240 nd 300 gstro and_th thln gates
have a gate w dth o%betﬁge%&ae %)Lﬁg r% “an %%6 ﬁr%sytr%orrg rlfil ped
|IIustr&%@hfﬁﬁ%“%ﬁnﬁ?éP%d”@&Fé“bF@%Fﬁ%ﬂ%sd@%??és avithge &§§6ﬁ?&?éﬂ

sour ce/ dradensiriggpons 50 andhdi ekeictr icdamiedewalfdrnspacersilF2vavdboeThe process
of the presemMnohnvient-ofy proavidessiaiSkiPlkesp. fapLs actdrabl e dual gate
process. For optinmum perfornmance, thick gate devices have polysilicon gate

el ectrodes while thin PMOS devices are Pol ySi Ge gate el ectrodes,




while the invention has been particularly shown and described wth
reference to the preferred enbodi nents thereof, it will. be understood by
those skilled in the art that various changes in formand details may be
made wi t hout departing fromthe spirit and scope of the invention. 5 Wat
is clained is: 1. A nethod of formng dual gates in the fabrication of an
integrated circuit device conprising: growing a first gate dielectric

| ayer overlying a substrate; depositing a polysilicon |ayer overlying said

first gate dielectric layer; patterning said po.lys.lli.con |ayer to form
first NMOS gates; thereafter growing a second gate dielectric |ayer
overlying said subgirate-ifdeposizting a pol.ysil. icon-germanium | ayer

overlying said second gate dielectric layer and said first gates;
planarizing said polysilicon-germanium|ayer and said first gates to a

uni f or mt-hf clehsls o ATt Hereafeers patternPRgesar dpot yertFeemt FHEsEtt gat es
and sai diepdleysédek cons: germani um | ayer to form second NMOS pol ysilicon gates

and PMOS pol )5§<Ldliu9gnflrgernghwmeg@tz%slaiy@r tob@nml@rgcs@gét@&&f an integrated
circuit device, 2. The ?q; hod .accor, dlngth daim.l wherein said first gate

os1tin er sald fi s ric
dielectric Iayp 8npr S an oxi de gromn 't thic ne s of between about

12 and 65Y&rigstrons. 3. The method according to Claiml. wherein said
pol ysi |l i con kayerrirg gépositseticotolaget hi chnedsrof vipétameery about 1500 and
2000 ANgStrORBereafter growing a second gate dielectric layer overlying said
substrate;
depositing a polysilicon-germanium layer overlying sald second gate
dielectric layer and said first gates;
planarizing salild polysilicon-germanium layer and said first gates to a
uniform thickness; and
thereafter patterning sald polysiliceon 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 Angstrons.

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

te a thickness of between about 1500 and 2000 Angstroms.

4, The method according to Claim 1 wherein said second gate dielectric layver

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;




4. The nmethod according to Claim1l. wherein said second gate dielectric

| ayer ' is an oxide grown to a thickness of between about |.2 and 20
Angstroms. 5. The method according to Claim1 wherein said

pol ysilicon-germanium |l ayer is deposited to a thickness of between about
1700 and 2000 Angstrons. 6. The nmethod according to Caiml wherein said
uni formthickness is between about 1500 and 2000 Angstronms. 7. A nethod of
form ng dual gates in the fabrication of an integrated circuit device
conprising: providing a thick device area and a thin device area of a
substrate; 6 growing a first gate dielectric |layer overlying said

substrate in;eachy .0f;Saifdcdeyce aleas . -depesiithingia PeLUSEL i;coRdnayer
overlqug é&&d LL&SE ate dielectric layer; patterning said polysilicon
| ayer to fornf?lrst’ﬁ and PMOS gates in said thick device area and to
formfirst NMBS gdfes?irPl&aildthiiidevivéevatea’® “gf i n§>'d e ‘gat e

di el ect rnieezrl;ayer overlying said substrate; depositing a

pol ysi | i con- garaanhymakayelyQveihyisg: Sai ehraecnnd gat enadivebegt:kd Gnl ayer

and sai d,[] sl oates: pl.angr L2i0g, sal.d pebystll ¢en-gerimnLUm,L ayer, and said

first gates to a wuniformt |aness; and thereafter patterning said
pol ysi i con FiF&t9 §atc6s™afth *sHicd® oty ST cUi “igéf mdnt GHYI°aSF to form
second NMOS &rdsPMOS pobyigiliiconygaresn fdagai dvehivéks woeévi eeccat eggtesecond
NMOS polaysickicem gat esqisnisatchet htBsdevi ce area, and second PMOS
p0| ySi l'i con- Qﬁaﬁqgﬁ%}rﬁ“sg?& %51%@1&:%%&@&5111@%@&3aﬁ?J %Q‘ld Qil‘."sqeqates to a
uniform thickness; and
thereafter patterning said polysilicon first gates and said pelysilicon-
germanium layer to form second NMCS 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 sald thin device area in 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 betweep about 12 and €5 Angstroms.

9. The method according te Claim 7 wherein saild 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 abcout 12 and 20 Angstroms.

11. The method according to Claim 7 wherein saild polysilicen-germanium layer

is deposited to a thickness ¢of betwesn 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.




fabrication of an integrated circuit device. 8. The nethod according to
Claim7 wherein said first gate dielectric layer is an oxide grown to a

t hi ckness of between about 12 and 65 Angstronms. 9. The nmethod according to
Claim7 wherein said polysilicon |layer is deposited to a thickness of

bet ween about 1500 and 2000 Angstrons. 10. The nmet hod according to Claim7
wherein said second gate dielectric layer 1is an oxide grown to a thickness
of between about 12 and 20 Angstrons. 11. The nmethod according to Claim?7
wherein said polysilicon-germaniumlayer is deposited to a thickness of

bet ween about 1700 and 2000 Angstrons. 12. The nmet hod according to Claim7
wher ei nlsaiTde urithor rredidelonessCliasm bethesin 36 utMCE500 Yah'd c2000 #ndgst r ons.
13. Thesdet hod @eccor didaghdve LChaidm 7r wheret nnsai thoNMISs andn2MOGBspol ysi | i con
gates in said thick devi ce area have a wi dth of between about 2400 and 3000
Angstrons. 14. The gd accordln g g%grell aild NMOS .

pol ysi | ?%oﬁh"ga{‘feégo‘jl ﬁcco§ g thin eV| ceerﬁf%asa have a Eﬁlh Cf et ween about
700 ands850 Angstt omen qﬁsrwerhvéemaﬁedaa%? difngetoen #iont 77%héreihsai d
PMOS pohysitdmeon- germani um gates in said thin device area have a w dth of
bet ween about 700 and 850 Angstrons. 8




