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WD 2004/ 061915 PCT/ US2003/ 039914 | NTEGRATI NG N TYPE
AND P- TYPE METAL GATE TRANSI STORS FI ELD [ 0001]
wendvemeryent s of the invention relate to the  PCT/US2003/039914
manuf acturing of conplenmentary
net al - oxi de-sem conductor (CMOS) devices. Mre
particularly, 5 enbodinents of the invention relate
to integrating n-type and p-type netal gate
transistors within a single CMOS devi ce. BACKGROUND
[ OOQRITEHBRAT INGtN-TVMPE AND PeFYREMMEIA UGATEM RANSISTORS
art sem conductor processes typically have
FiEllysi | i con gate structures. Polysilicon, however, can
be 10 susceptible to depletion effects, which can add

[001)11] he EBbainertaiop tith RveRfiéh felbid t%ktﬁésrﬁahtﬁfabﬁ@m@%
device. Furthernore, as the effective physical gate

Cgfnéie‘?ﬁ.%fﬁ%omtéﬁﬁ}ﬁ?ezsg@?%%%???%ﬁ“ﬁog?PW'C% Mirg partioutarly,
dielectric .t ore, desira
o BoPITARS Sl Serin relate Ruini<Hrafing briyes & %Eyaaeemeta' gate
gate oxide thickness. 15 [0Q003] Metal gates, on the
traﬂﬁétorﬁém@m asiNAe CMOSsieMedt i bl e to depl etion as
polysilicon and are in many ways preferable to
polysilicon for formng gate structures. Typica
BAGKBR&UNBeni conduct or processes, however, do not
i ncorporate n-type and p-type netal gates within the

[60023 derricreard CMOSewvidestmanifaetired with sridrsart s€midgnductor
part, to the conplexity and cost of developing a 20

I t
RSy I A8 e, gt cn o

sﬁ?&gp‘f@[@dfﬂ)‘:&é}ﬂleﬁ&véﬁ'gctgrwhf&hecgar éc?odt CcWetraII gate dielectric

thickness in the CMOS device. Furthermore, as the effective physical gate

dielectric thickness decreases, the polysilicon depletion contributes proportionally
to the total dielectric thickness. It is, therefore, desirable to eliminate polysilicon
depletion in order to scale gate oxide thickness.

[0003] Metal gates, on the other hand, are not as susceptible to depletion as
polysilicon and are in many ways preferable to polysilicon for forming gate
structures. Typical prior art semiconductor processes, however, do not
incorporate n-type and p-type metal gates within the same device or integrated
circuit. This is due, in part, to the complexity and cost of developing a
semiconductor process that can reliably deposit metal gate structures of differing

types into the same semiconductor device or integrated circuit.
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WO 2004/ 061915 PCT/ US2003/ 039914 BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0004] Enbodi nents of the invention are

WO kduptat ed by way of exanple and not |im taPCDOSI003/039914
the figures of the acconpanying draw ngs, in which
like references indicate simlar elenments and in

i e BRI G
' according to one
enbodi nent. [0006] Figure 2 illustrates the state of
[0004] s EMbpdimagnts of FILQJ@VSBF'P% RI$BeRtrated @k\b’@g ©f example and not
pol ysilicon gate structures according to one
limégtationl imthet figyres ©F theracgorepanying dsawiagesintwigick filke aefefences
transi stors after selective n-type poly 10 etch
indicatersithitgr dlomenés andirdiviiont . [ 0008] Figure 4
illustrates the state of transistors after depositing

[oqu.ﬂgypeFigﬁfqa‘I iIRFSRER%thR mﬁarﬁs@iefia‘ St de (giro‘%ﬁ ILDO

ure lustrates the sltateodtransnst s after
acgﬁ%’ﬁ@gﬁ?é Q@%P%%St] rFrFE;ﬁr eagciolrl Iugtgrfa?egnfhe state
rodiily < HBuen 2 diisrtes e rnprae |LBORdshrzskdo

7 |Ilust.r_at es the state of transistors after
expesppplysiigon veimstruetegs acaocdingita @necrobediganddi nent .
[0012] Figure 8 illustrates the state of transistors

[0G0T]er FigUresBiilhgtrates thetstate of Afbrsistels afteraretiéatiyetotypaeepoly
enbodi nent. [0013] Figure 9 illustrates the conpleted

etdH #0t0rdihgte oReCéthBbdithdr?. one

[0008] Figure 4 illustrates the state of transistors after depositing n-type metal

according to one embodiment.

[0009] Figure 5 illustrates the state of transistors after polishing the n-type

metal according to one embodiment.

[0010] Figure 6 illustrates the state of transistors after selectively etching p-

type polysilicon according to one embodfment.

[0011] Figure 7 illustrates the state of transistors after depositing p-type metal

according to one embodiment.

[0012] Figure 8 illustrates the state of transistors after polishing the p-type

metal according to one embodiment.

[0013] Figure 9 illustrates the completed transistors according to one

embodiment.

[0014] Figure 10 illustrates the state of transistors after an optional implant

patterning according to one embodiment.
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enbodi nent. [0014] Figure 10 illustrates the state of

transistors after an optional inplant patterning
waewandionyy t o one enbodi nent. 2 WO 2004/ 061915PCT/US2003/039914

PCT/ US2003/ 039914 [0015] Figure 11 illustrates the

state of transistors after n-type inplant and

]I Oqaig; 0y |I[Lg?r}\§és fRlesf cgftrériéééé s\éﬁ%‘c‘n 3&% l?‘ﬁp%ﬁt and

tran ors a a secon
oI S|I|con etch. 5 DETAI LED DESCRI PTI ON [ 0017]
EW%% nts of the invention described herein relate
0_sem conduct or manufacturing. Mre particularly,
[0%1(ﬁ£lod| Figntes 13fllustrates iherataierofdeansistersdatien axsecondselective n-
integrating n-type and p-type netal gate transistors
typsi palysilicdreetchme 10 conpl enent ary
nmet al - oxi de- sem conductor (CMOS) device or integrated
circuit. [0018] In order to nmanufacture CMOS devices
and integrated circuits that can avoid the effects of

D&:ﬁi@;;@qplggbmpﬂ@m‘oodl ments of the invention

Tincorporate n- type and p-type netal gates into the

[o@gﬁr%ﬁ%@ps%%mé 98B Bt e

taini ng pe transistor and an n-t

m%nru P%%r & R dimpnts of theénvw&gﬂéwdescnbed relate

di el ectric") accor ding to one enbodinent. In Figure 1,
to lpmgragmg Nelype gadep-typansieta! gate traosistotd Wvithirethfeagarne at ed

usi ng standard CMOS processing techniques in order to
complementary metal-oxide-semiconductor (CMOS) device or integrated circuit.
[0018] In order to manufacture CMOS devices and integrated circuits that can
avoid the effects of gate depletion, embodiments of the invention incorporate n-
type and p-type metal gates into the same CMOS device or integrated circuits.
[0019]  Figure 1 illustrates a cross-section of a CMOS device containing a p-
type transistor and an n-type transistor after depositing ILDO (“Inter-layer
dielectric”) according to one embodiment. In Figure 1, poly-silicon gate transistors
105, 110 are fabricated using standard CMOS processing techniques in order to
prevent silicide formation on the poly-silicon gate electrode. The nitride hard
masks 115 are to protect the gate structures during silicidation and ILDO 120 is

deposited on the structure.

[0020] The ILDO is polished back to expose the doped ponsiIiCon gates in

Figure 2. The ILDO polishing also removes residual silicide around the nitride

masking layer. After the polysilicbn gates 205, 210 are exposed, an ammonium
hydroxide etch is used to selectively etch away 305 the n-type polysilicon. The

ammonium hydroxide etch is low temperature (e.g., <40 deg. Celsius), uses
3
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prevent silicide formation on the poly-silicon gate
el ectrode. The nitride hard nmasks 115 are to protect

W0 b@4geoes st ruct ures during silicidation and | eODUIR03/039914
is 20 deposited on the structure. [0020] The ILDO is
pol i shed back to expose the doped polysilicon gates in

sof B Bt PO R 4o B o225, s o e

Sili con at es 205, 210 are exposed, an anmoni um
pq?bﬁﬁﬂ i @feh &3 H3§r§teG§€c‘f'9lHes§al ectively etch away 305
the n-type polysilicon. The 25 ammoni um hydr oxi de etch
[0021] owResmpyel at theep-typegnolysiliconiabovectiiesgais)dielestic creates a
WO 2004/ 061915 PCT/ US2003/ 039914 soni cation, and has
dasnaspenerikedtieaohdivhimhis fikédratital an ﬁ-type?a%tal'ﬂms,rsa&hlds Hf, Zr,
of the polysilicon etchis illustrated in Figure 3.

Ti [ﬁé)?eHmngmmkraféd wﬁgeréazpmtemat% g) ‘t’r%‘tréﬁ@rY%ah'?)% filled with

ate dielectric creates a danmascene-|li ke "trench

an%"o%;sdrﬁaﬂi\h{pl 5‘? &? cgﬁg%nkﬁpggﬂg % Eﬁgaﬁ& &gosition”),
t t t h t
o3 hieg wpor %%&éh%g‘ﬁ%&(ﬁwgéi% S BrgSitan” "Cv and
vapor deposition"), D (" Chem cal vapor
AL&M H$eHaN prgmomeiglh@ tfeide pregwson &iska redieing atpsphere.
and ALD may use an organonetallic or halide

Fusthecmosa rthe dimidkrsesseafiibe mgtypemesiaher alloy &am beauchrtkat the trench
the thickness of the n-type netal or alloy can be such

is bhrytpa*rh@uy filR¥ac FEdrlesiatnsig! bheptﬁrckhébé vf fHd h%e E‘Fé"[al or alloy can
exanpl e, 't he th| ckness of the n-type metal” or all oy

Ao PP AR Sl RO ATO o
vafi L bo'rde n%ﬂfes I?[he f?grtlchceos rleer%o% c% Iete?y flllet(f ?ﬁ/ey n‘?éybbe filled
f PF? &

with an easily polished metal, such as W (“Tungsten”) or Al (“Aluminum”).

[0022] The n-type metal is polished back to create the n-type metal gates 505
and to expose the p-type polysilicon gate 510 as illustrated in Figure 5.

[0023] Figure 6 illustrates the transistors after a selective dry etch is performed
to remove the p-type polysilicon without removing the n-type metal gate. The
selective dry etch can be performed using a parallel plate or ECR (“Electron
cyclotron resonance”) etcher and SF6 (“Sulfur hexafluoride”), HBr (“Hydrogen
Bromide”), HI ("Hydrogen lodide™), CI2 (“Chlorine”), Ar (“Argon”), and/or He

(“Helium”). Alternatively, a wet etch, such as approximately 20 — 30 % TMAH

(“Tetramethylammonium Hydroxide”) at approximately 60 — 90 degrees Celsius

with or without sonication may also be used to remove the p-type polysilicon gate.
[0024] A p-type metal, such as Ru (“Ruthenium”) , Pd (“Palladium”), Pt

(“Platinum”), Co (“Cobalt”), Ni (“Nickel”), TIAIN (“Titanium Aluminum Nitride”), or
4
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with an easily polished netal, such as W/("Tungsten")

or Al ("Alum nun'). [0022] The n-type netal is
w@odousbwds back to create the n-type netal gat eBCBH052001839914

and to expose the p-type polysilicon gate 510 as

illustrated in Figure 5. [0023] Figure 6 illustrates

WS A08H e e, BE BB BB oo
o TR D 0 S B8 T bess Sy G po meta

("Electron cyclotron resonance") etcher and SF6
cap'twudepositediathe ende u)stngHmer(nc sy sleppsitiBnaTiatemj layer
H ("Hydrogen lodide"), Cl2 ("Chlorine"), Ar
depbsitionwilh aoeddarontetallic'grietinsot hnd Al feeitoiigi atelospharevet
etch, such as approximately 20 - 30 % TMAH

Fm-ths%b?érqh@m@mw SthENARBSIrHEta) oPbIIRPEAPKE TR tHaBBe trench
degrees Celsius wth or wthout “sonication may

o A AT S R A g ot
o B oot s 5 L P

WD 2004/ 061915 PCT/ US2003/ 039914 WCN (" Tungsten
[0025]bonThe Priyae metaber alioyisdglished bBGk,taﬁelng&Tf%teﬂrl@ mdgure 8, to

created by etching the p-type polysilicon gate 605.
crédtedhaatlypelgate amuetules/805, 81d, @ndylhBOris gkin depodied to provide
deposited in the trench using chem cal vapor

ros@FestHd @cﬁhtéé’[ layedni c | ayer deposition with an
organonetal | ic precursor and a reduci ng atnosphere. 5

[Odf?’?]t heC‘BH (tas bhg ﬁf’%‘hﬁ:‘ﬁ%taﬁa;nféeeéaftear Ly ﬂﬁs%f&] m%pm/e 9,

oy can suc y parti
rei)u'{"'w?ﬂw w%al GAsistora 8o cen depos ted i n the gate
[0(t)2r7e] Rather than using a dry etch to remove the p-type polysilicon as
described above, the p-type polysilicon gate can be converted to n-type in order to
allow a gentler wet etch to remove the polysilicon rather than a dry etch. For
example, after the p-type polysilicon 1010 has been exposed, rather than using a
selective dry etch to remove the polysilicon, an n-type implant 1015 is performed
to change the doping of the polysilicon in order to allow an ammonium hydroxide
etch to be performed, as illustrated in Figure 10.

[0028] The result of the implant and ash (if required) is illustrated in Figure 11.

An ammonium hydroxide etch removes the remaining polysilicon gate structure

1210 resulting in the structure illustrated in Figure 12. A p-type metal or alloy

may then be deposited in the trench left by removing the p-type polysilicon gate as

described above.



[0025] The p-type netal or alloy is polished back, as

illustrated in Figure 8 to create the p-type gate
watoosmes 805, 810, and ILDO i s agai n deposi P€miUSZN3/039914

provide 10 roomfor the contact |ayer. [0026]

Contacts 903 are etched and deposited, as illustrated

[OQJ?Q]uct leﬁle%rn%&\%sn ||§t5't ' n ' e%éib%@lvgl% fgj%' H Irtpdllustra’uve
rempve the p-type ponS|I|con as described above, the
enbbqq}'@@ntﬁs|W'§uqq$66lh“fg’htsen<8é'hteﬁée€ daberaosgirtigd in ?3)15@“% sense.
order to 15 allow a gentler wet etch to renove the
Vapiouggnoditoationst dfghe tilhsiradive eynadimentss asexelhgs otheif t er
the p-type polysilicon 1010 has been exposed, rather
entfaimesats)gvidch asd appareat th peigonb skifled émtiveattite which the
polysilicon, an n-type inplant 1015 is perforned to

imFé?ﬁBmi%etrfé%sdQlFé Aebrfbd 6 fe F)\ﬂil‘ﬁﬁﬁ tHé §[5]ﬂt érﬁ‘d gbgb’é of thehl/&Mtion.

an amroni um hydr oxi de etch forne
illustrated in Figure 10. 20 [0028] The result of the
inplant and ash (if required) is illustrated in Figure

11. An anmoni um hydroxi de etch renoves the renaining
polysilicon gate structure 1210 resulting in the
structure illustrated in Figure 12. A p-type netal or
alloy may then be deposited in the trench |eft by
renmoving the p-type polysilicon gate as described
above. 5 WD 2004/ 061915 PCT/ US2003/ 039914 [0029]
VWil e the invention has been described with reference

to illustrative enbodinents, this description is not
intended to be construed in a limting sense. Various
nodi fications of the illustrative enbodi nents, as well
as ot her
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enbodi nents, which are apparent to persons skilled in
the art to which the 5 invention pertains are deened
WO eookiogrong t hi n the spirit and scope of the i nvROIL/USI003/039914
6 WD 2004/ 061915 PCT/ US2003/ 039914 CLAIMS What is
claimed is: 1. A process conprising: formng sidewalls
C@\I’]&@I electrics of transistors within a conplenentary
- oxi de- sem conductor (CMOS) integrated circuit
upon a seniconductor substrate; form ng an n-type and
Wlaatﬁs(cﬁjr@e ial gate structure within trenches forned
by the sidewalls and dielectrics. 10 2. The process of
1. cl aifnpioceks compriging:ench is forned by a first etch of
a polysilicon gate structure corresponding to one of
t he forniikg Siddwehll-dndddiclBttiids oftedrisistbramithines cotpementary
first etch | eaving substantially un-etched a

mé%?' Mﬁhb's%%caﬁ&ﬁ:éoﬁ ch@tsanﬁtegfété%ﬁenﬁ hPSntaosérﬁﬁ:oﬁHtl@tror

he n-type an gat e uctures
Th rocess of claim 2 further conprising depositing a
Suﬂﬁt?%q%’of a first type into a trench fornmed by the
first etch an erf ond etch of the
pol YRMINg @R 'b'g)f Gdct 8’66 88 #&’CRBVQW“FW&%N@P formed
of the n-type and p-type netal gate structures.
by the sidewalls and dielectrics.

2. The process of claim 1 wherein a trench is formed by a first etch of a
polysilicon gate structure corresponding to one of the n-type and p-type metal
gate structures, the first etch leaving substantially un-etched a polysilicon gate
structure corresponding to the other of the n-type and p-type metal gate

structures.

3. The process of claim 2 further comprising depositing a metal of a first type
into a trench formed by the first etch and performing a second etch of the
polysilicon gate structure corresponding to the other of the n-type and p-type

metal gate structures.

4, The process of claim 3 further comprising depositing a metal of a second
type into a trench formed by the second etch, the second type being different from

the first type of metal.

5. The process of claim 4 wherein the first and second etches are a dry etch.
7
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20 4. The process of claim3 further conprising
depositing a netal of a second type into a trench

wo eoormaiohy t he second etch, the second type beP@mUS2003/039914
different from the first type of netal. 25 5. The
process of claim4 wherein the first and second etches
are a dry etch. 7 WD 2004/061915 PCT/ US2003/ 039914
6. The process of claim4 wherein the first and second
etches are a wet etch. 7., The process of claiml

6. wheTberPropessHot glpien 4ehgyeinihe frfét and gagendselches @ra s wet etch.
are fornmed by inplanting n-type and p-type nateri al
into the n-type and p-type netal gate structures,
respectively. 8. The process of claim4 wherein the

7. et Jheqfrotéss 6f ¢laim twasereih the miyipepend paypé naatdl ddte structures
metal of the second type |s a p-type netal. 10 9. The

f
ard IAEREFOP IRl - URGRHD- B8 (fEichel flo WREDHLPE etk Ge
n, n- I, , rocess conprising: 15 form ng
mejﬁl %@?ﬁ@“g‘%gareﬁpg%@ ransi stor upon a sem conduct or
substrate, the n-type and p-type transistors
conprising n-type and p-type polysilicon gates,
respectively; renoving an |LDO | ayer fromthe top of
8. t he Tihel precessohclgim dsvhereirhthegnetsd ofthe/tinst Bpeyisian r-dype
gate to forma first trench bound in part by
metal and the metal of the second type is a p-type metal.

9. The process of claim 4 wherein the metal of the first type is a p-type metal

and the metal of the second type is an n-type metal.

10. A process comprising:

forming an n-type and a p-type transistor upon a semiconductor substrate,

 the n-type and p-type transistors comprising n-type and p-type polysilicon gates,

respectively;

removing an ILDO layer from the top of the polysilicon gates;

etching the n-type polysilicon gate to form a first trench bound in part by
substantially vertical lateral side-wall spacers and a gate dielectric on the bottom
of the first trench;

depositing n-type metal into the first trench;

removing excess n-type gate material to expose the top of the n-type metal

gate and the p-type polysilicon gate;



10

15

20

20 substantially vertical lateral side-wall spacers
and a gate dielectric on the bottom of the first
WO ec@aobtoisleposi ting n-type nmetal into the firspPCT/USI005039914
rempovi ng excess n-type gate material to expose the top
of the n-type nmetal gate and the p-type polysilicon
gate; 8 004/ 061 PCT/ US2003/ 039914 chin
o BeRGE Priy RO ROWAIIEOD Sate ke grend FeReh b%auﬂdn part by
in part by substantially vertical |ateral side-wa

subptama&y aﬁ@lcal lgtaral ad@w&lt shacesn anf & %tﬁtdjeﬂﬁcam th@e bottom

second trench; depositing a p-type netal gate within
oﬂtrhesemmhtdemmrench; 5 renovi ng excess n-type gate
material to expose the top of the n-type netal gate

and depBsiing E-tyss Aetaidjate within Fresasdregenel; cl ai m 10
further corrpr|3| ng formng |ILDO on top of the n- type

and é)&%@%'rﬁf}@ at&@nét%rlathBee@ %%Giﬁé’t Ogrh}: r'ri?tﬂﬁ'e metal

furt er conpri sing ng source

ontgcts to the n-type and p-type tranS|stors. 13. The
g ?88@?@68{‘3/8?&"%?&%3 erein the n-type netal gate is

selected froma 15 group consisting of H, Zr, Ti,

Ta, and Al. 14. The process of claim 10 wherein the

p-type netal gate is selected froma grouE consi sting
110f Rihe process of dajm N0, fulthar sbrmpdsimgNiorming ILDO on top of the n-

type and p-type transistors.

12.  The process of claim 11 further comprising forming source, gate, and

drain contacts to the n-type and p-type transistors.

13.  The process of claim 10 wherein the n-type metal gate is selected from a

group consisting of Hf, Zr, Ti, Ta, and Al.

14.  The process of claim 10 wherein the p-type metal gate is selected from a

group consisting of Ru, Pd, Pt, Co, Ni, TiAIN and WCN.

15.  The process of claim 10 wherein the p-type metal gate and the n-type

metal gate is at least 50 and no greater than 1000 angstroms thick.

16.  The process of claim 10 wherein etching the n-type and p-type polysilicon

gates is an ammonium hydroxide etch.
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20 15. The process of claim 10 wherein the p-type

netal gate and the n-type netal gate is at |east 50
w@ar@4/0619¢F eat er t han 1000 angstrons thick. 16.Pdhes2003/039914

process of claim 10 wherein etching the n-type and

p-type polysilicon gates is an ammoni um hydroxi de

o 8L‘fehsesp%l?%?%?’ﬁ%%gxigﬁvgﬁé%#§fc%ﬁ14®%9r§ivibr? 4.6"8fg potvsiicon
oo W BT RBe TS S0 wmererd Fre S fype

netal gate is doped by 5 inplanting n-type materi al

after the netal gate has been deposited into the first

trench. 19. The process of claim 10 wherein the p-type
18ret dheyartoeess ofiolséd Iywhemsin thet nbgpd netalrjzab igdbpedvblyh

p-type material after the metal gate has been 10
impereiny el pethatdri2f aftee ednbtf g8kt hddbeen deposited into the first

trench.
19.  The process of claim 10 wherein the p-type metal gate is doped by

implanting the metal gate with p-type material after the metal gate has been

deposited into the second trench.

10



