;e3delcl™ FN@vTCN/WO 01/ 97257 PCT/L1Sf11/1sfl.11 DUAL METAL GATE

TRANSI STORS FOR CMOS PROCESS Field of the Invention The present invention
is relateddm/drbee field of sem conductor 5 fabrication andpd®S01/15041
particularly to a fabrication process |ncorporat|ng dlfferlng gate netal s
for n-channel -6 | | el d of
sem conduct or=FaE or d
n- channel and p-channel tran5|stors mnth natchlng threshold voltages In
addition, it is desirable if the absolute value of the n-channel and

p- channel threshold voltages arﬁlgﬁﬁégﬂg%éégéﬁgbﬁnincrease t he device
.Sﬁfggho:g Sgrrentional sem cond channel and p-channe
1(::hannfel |hrrpl ant ﬁ%n@%%ﬁﬁﬁ?ﬁﬁ%%?ﬁgé@eg uﬁ?ﬁﬁ?@&ﬁ %@ﬁé&%ﬂgwly, t he
for_n. chaniy %%W@Zéﬁ%mé SRl o %dfﬁﬁ"gbéﬁghﬂﬁd%%w IRSeelifes
addi ti on, g tePRiotals Foeh- (el aHel PictfanfoPaeRBdy unf casi bl e as

gate dlelectrlc nesses st ecrease re specifically, boron
di ffusion fromp-type polysilicon gates into the transist and
poly depletion effects associated with devi ces having Iowmw MﬂHWB Mmget
and thin gate oxides are making it Rslgeagingly difficult

pol ysilicon gates into advanced technol ogies. In addition, as®

sem conduct or plPHes Figid m&ﬁI@MﬁMubeémﬁaﬁ@noﬂ l§'txpﬁ§éllyﬂ|d@éh‘é%lés a

gate dielectric, chem cal reactions between polysilicon and alternative

gat e digel et falsricate ptohaneertrf prohanhel wmslls’&ﬂ'sd&ﬁhrmdtéhﬁ@/\% gate of

choice. Therefore, it would be hlghly desirable to *aoooo 1 01/ 972a7

PCT/ US111/{h3eshbld voltages. dnfaddition, iibis degcra@elmth@lacﬁsoiutéwamé aind

p- channel threshold voltages are mat ched and satisfactorily | ow

addi tion, fhe mechdnhel dexd pabhannk! theshglbevelit gdsraie eksavo czetrortl@at i bl e

with alternative gate dielectric materials. 5 Brief Description of the

Drawi ngs Timerpascsetite devéce ispedd: i loosventiehalysemjicohduciopl e and not

limtation in the accon?ﬁnylng figures, in which |like references
processing, n-channel and p-channel threshold voltages are

15 conventionally adjusted by a combination of channel implants and
selective doping of a polysilicon gate. Typically, the use of channel
implants is effective in adjusting the threshold voltages for n-channel
devices but less effective for p-channel devices. In addition, the use
of polysilicon gate structures is becoming unfeasible as gate dielectric

20 thicknesses steadily decrease. More specifically, boron diffusion from
p-type polysilicon gates into the transistor channel and poly depletion
effects associated with devices having low thermal budget and thin
gate oxides are making it increasingly difficult to incorporate
polysilicon gates into advanced technologies. In addition, as

25 semiconductor processing moves away from the use of silicon dioxide
as a gate dielectric, chemical reactions between polysilicon and
alternative gate dielectric structures render polysilicon less desirable

as a gate of choice. Therefore, it would be highly desirable to
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10 indicate simlar elenents, and in which: FIG 1 is a partial cross

sectional view of a partially conpleted sem conductor device according to
one enbodworile7sh the invention; FIG 2 is a processing stgpygshiaesyent to
FIG 1 in which a first gate netal is selectively renoved from portions of

Subsequent "1 1B ba TRLEYN Progess M RAfch T oRER T Rl B kR Rantlei

first gatefRbsholdBltatidssafe PRARAREY Bhd SARSTAORAYIAW | o Blcfditidn) ft L e

deposited netals are p erned Into gate structures,

processing woaR b@béégwabqeqptrgén gngﬁeér&%@bfgf%ﬁ@ggéﬁ l@eﬁnﬁaﬁBP@ Dfth

transi stor ave been forned; ustrate an

al ternati ve|{usPegRR Qb@é\/di?reétﬁb”ﬁﬁéﬂeﬁa@m conduct or device according to
the present inventiofi. Skilled artisans appreciate that elenents in the

figuressare 25 illustrated for sinplicity and clarity and have not
necessarily been drawn to scale. For exanple, the dinensions of sone of the

el enents in the figures mayBHef mm,@@frtﬁleapirawmgsot her el enents -2

WO 01/97257 PCT/USII1/150~I"to help inprove the underStandi ng of the

enbodi nents of the present invention. -3 WO (11/1727 Detail ed Description
PCT/ US01/ 150~1 Turning now to the drawings, FIGs. 1-5 illustrate cross

sectional 5 The present invention is illustrated by way of example and not
limitation in the accompanying figures, in which like references
10 indicate similar elements, and in which:
FIG. 1 is a partial cross sectional view of a partially completed
semiconductor device according to one embodiment of the invention;
FIG. 2 is a processing step subsequent to FIG. 1 in which a first
gate metal is selectively removed from portions of the semiconductor
15 device;
FIG. 3 is a partial cross sectional view subsequent to FIG. 2 in
which a second gate metal is deposited over the first gate metal;
FIG. 4 is a processing step subsequent to FIG. 3 in the
deposited metals are patterned into gate structures;
20 FIG. 5 is a processing step subsequent to FIG. 4 in which n-
channel and p-channel transistors have been formed; and
FIGS. 6A through 6E illustrate an alternative process flow for
forming a semiconductor device according to the present invention.
Skilled artisans appreciate that elements in the figures are
25 llustrated for simplicity and clarity and have not necessarily been
drawn to scale. For example, the dimensions of some of the

elements in the figures may be exaggerated relative to other elements



10 15 20 25 views at various stages in one enbodi nent of a sem conductor
process according to the present invention. In FIG 1, a partially

conpl et edyveaiiogsnduct or device 100 is illustrated. Sem cormuctsyi/iseyi ce 100
as depicted in FIG 1 includes a sem conductor substrate 102 into which a

ser conducdbReUBRATaVS ey RiarskeloltRy By ofe e BstifeéEhr Bie pressut
single pryﬁiﬁéqga¢jcon._The depi ct ed enbodi ment of seni conductor device 100
is fabrica 'a twin well process in which first well 104 is

selectively inplanted into portions of substrate 102 where devices of a
first conductivity type will be forned while second well 106 is selectively

-inplanted into regions of substrate 102 into which transistors of a second

conductivity type will be formed. In one enbodi nent of the twin well
process, the first well 104 nmay itself be enclosed within a tub (not
depicted) in which the conductivity type of first well 104 and the tub are
opposite. In another enbodi nent, substrate 102 nmay include a lightly doped
epitaxial |ayer forned over a heavily doped bulk. In one enbodi nent, for
exanpl e, the depicted portion of substrate 102 is a p- epitaxial |ayer
formed over a p+ bulk, while first well 104 is doped n-type while second
well 106 is p-type. N-type conductivity structures may be fornmed by

i npl anti ng sem conductor substrate 102 with a suitable ntype inpurity such
as phosphorous or arsenic while p-type structures may be formed by
inplanting with a suitable p-type inpurity such as boron. First well 104
and second well 106, as depicted in FIG 1 are isolated from one anot her
with trench isolation structures 112. Trench -4 WO (11/972a7

PCT/ LI SO1/ 1511~1 isol ation structures 112 may conpri se a suitable insul ator
such as a dielectric material. In the depicted enbodi nent of sem conduct or
device 100, first and second wells 104 and 106 are physically separated
fromone another by an internediate isolation dielectric 5 structure 112.

| sol ation dielectric 112 may include an oxide, nitride, or other suitable
electrical insulator material. A gate dielectric 108 is forned over first
and second wells 104 and 106 of substrate 102. In one enbodi nent, gate
dielectric 108 conprises a conventional, thermally formed silicon dioxide
with a 10 thickness of preferably I ess than 10 nanoneters. |In another
enbodi nent, gate dielectric 108 may conprise an alternative gate materi al
such as a transition netal oxide material. Such alternative gate dielectric
materials are suitable for their high dielectric constant {K), which
enabl es the use of a thicker gate dielectric |ayer without 15 adversely
affecting the electrical and capacitive characteristics of the film For
these alternative gate dielectrics, suitable transition nmetal oxide
conposites selected from oxides of zirconium hafnium alum num | anthanum
strontium, titanium silicon and the conbi nations thereof. 20 As further
depicted in FIG 1, a first nmetal 110 of a first metal type is deposited
over gate dielectric 108. As described in greater detail below, first netal
110 will be selectively renoved from portions of sem conductor substrate
102 in which transistors of one conductivity type are fabricated such that
first metal 110 wll exist only 25 where transistors of the other
conductivity type are |located. Preferably, first netal 110 is deposited
with a chem cal vapor deposition (CVD) process to protect the integrity of
gate dielectric film2108. In an alternative enbodinent, first netal 110 may
be physical -5 Vh' O 01/972S7 PCT/ USOL/ 150-L1 vapor deposited with a
sputter process. In enbodinents in which first netal 110 will ultimately

‘remain on p-type transistors, it is desirable if the first metal type has a

work function that is close to the valence band of silicon. in this
enbodi nent, suitable netals for first netal 110 5 include rhenium (Re),

“iridium (Ir), platinum (Pt), and rutheni um oxide



(Ru02). In an enbodinent in which first netal 110 renmains on n-type
transistors, it is desirable it first nmetal 110 has a work function that is
cl ose to whaigomducti on band of silicon. In this enbodi menggT/esiiiiaiie
metals for first metal 110 include titanium (Ti), vanadium (V), 10
zirconium (Zr), nDbedenun1(Nb),Ef nt al Ta),.. al um num (Al'), niobioum
(Nb), and tantalumnitride (TaN)= e IQNF g 2, a portion of first
nmetal 110 has been selectively renoved. In the depicted enbodi nent, the
selective renoval of first netal 110 is acconplished with a nask and etch
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s formed querintBayhictla ARt WEACTOU wiid B d&doRadyetl 06 reR/B Bt of
substrate 1 t hereby covering first netal 110 and exposed portions of gate

-6 WO Ulf@ﬁﬁéa.ﬁgﬂﬁw,%ﬁéoﬁdabwwﬁsﬁ@% B2 el Uil I\ﬂl%j‘tlljs of a

second netal type re t'he second netal type has a different function

than t1® f doged®t gé mgawsé dingld crypstareilidorl.1The legiibasti ments where

the first netal ty used for firSt nmetal 110 has a work function that is

close to teenbodhhermobsathicdnsucterdevide 19€cienthbridcaled with asgenf or

second netal 114 has a work function close to the conduction band of

silicon. Cweﬂigsed:essiin whitifirshivelwhe4 dstdudetiively mapntatdmtgsed for

first netal 1 has a work function that is close to the conducti on band of

silicon, thperiensrof sabstratgpk02 velbefedestcesdf reefiast aondmmivﬁngple Wl
function that is close to the valence band of silicon. Preferably, first
netal 110 bedforeseddvhiieateddnd wek 106 iedetectivelyamplanteet iatotrggéonst h a
work function close to the conduction band is in contact with gate

di el ect¥ i cof Gdibsteatepd 0 intoayhints transistarsrofvais@cond conditivibbtype f
n-channel transistors incorporate a nmetal 15 on gate dielectric 108 that
has a wor k willin fermerhsin one agkodiinent of therdwiprwelllpragessithe iirstype
transistors are fabricated with a gate petal on %ate di el ectric 108 that

has a wor kWelhdOdomay dseli betemclage&mwéﬂm@dm 80t degnctad), infwhieRanpl e,
b cut e Sieanvase e e LAk AE oL RS SEBBRRSI o 012 <
) 4 TR O PR T ot LGB
funct if(? t rc]e";iatl’c.a{xslaiCL':{'qilsef\ar fto?n%gg o(:v('q’enrdéf(hteié)\ﬂlybag(fale%I thJiHé.i i'bne embodiment,

for example, the depicted portion of substrate 102 is a p- epitaxial

layer formed over a p+ bulk, while first well 104 is doped n-type while

second well 106 is p-type. N-type conductivity structures may be

formed by implanting semiconductor substrate 102 with a suitable n-

25 type impurity such as phosphorous or arsenic while p-type structures
may be formed by implanting with a suitable p-type impurity such as
boron. First well 104 and second well 106, as depicted in FIG. 1 are

isolated from one another with trench isolation structures 112. Trench
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Preferably second netal 114 is thicker than first nmetal 110. In 25 one
enbodi nent, the thickness of second netal 114 is at |least two tinmes thicker
t han the wo@kness of first netal 110 and is, still nore gr(elf/es@hlsmﬂ at

| east ten tinmes thicker. The thickness of first metal 110 O in one

o1 EEEBSE?T&W SthiGrBR°LER MRV e mb e st bl insulier SHoh'a8e ™11
or of or anr y TSP GRR izt i orfFisR) ghitodBRegt b RBoRdutfongr iy o
of e_sﬁﬁéﬁhc’@é"@e ﬁ’b?ii%fréﬁ(?f R B VR 19 e AR Br s doRll cePToo 1o
‘depicted adseracihd %tﬁte?qupﬁﬁérm% af gt?l@%frparagﬁt pat t ern

first net and Second ayer ng rn ormati on
.Sécﬁnéﬂéf?ﬂ%@@?ﬂ??e[gsaét'éf'?? &’.@A%?t*@iﬁ?*?‘%f?fé’ Bl Eh Tyige. MrRySor
cont rast , Qe SMaBlS SIS Asuieltr ERgttae 1147 n”f;‘f)ﬁ't act wiih gate
dhelecti o 108 AbpER eI TUYS Maedidfer Fratandgooia REn o

substanti ghhy mesndf%ubﬂratwmal Ir@"dﬁ‘@‘éh%o@hﬁéﬁ*@)’gmé"d?é iddcPrOgessi ng

difficulties associated wth differing thickness e appreci ated by

those in t@demipridab baaongehln@rtmnﬂiertmaﬂ formed] stticesy diokitiat withegquse of a

first metal 110 of a first netal type |n contact with gate dielectric 108

for tngnsithickisess of praferabhnkbsy than Y1 0 naactreigred RPanidthethe use of a

second netal 114 of a second netal type (where the first and second netal

types di f f@mbadintent,agaterdidicgtic 108wy compHrgerandidorativee gaggond type
of transistors enables the threshold vol tage alignnment of n-channel and

p- channel mhatedes swch asay diahsiton mistalibkides nataridlat 8dchi allepwatiee! i con
gates including boron diffusion, 25 polysilicon depletion effects, and

potential Qatedielechiitimatetials are suitable dogdheirdhigihedielectric constaatause
first nmetal 110 is selectively removed from appropriate portions of

subst rat e ()2 vinichr enabﬂes rt’aeu wee off d thickesighteedietactiic wyarwithauti22,

only a single mask and e WO 01/972S7 PCT/USO01/1 SlI1-41 step is
requi d&d t@dversaly.aféeoang tt@cemtgaaéanmoaaaaltm chaaeterisiécs of $heand
second netals of first gate 120 are se|f-aligned. In addition, the

i nventi on filgn. rﬁﬂretl?@ﬁ%@lkﬁma@me gate @Imiephrgca] suitablerdransitionemetal rst and

second gates, 120 and 122 thﬁ
oxide composiies se

stecteé] from oxides of zirconium, hafnium,
aluminum, lanthanum, strontium , titanium, silicon and the
combinations thereof.

20 As further depicted in FIG. 1, a first metal 110 of a first metal
type is deposited over gate dielectric 108. As described in greater
detail below, first metal 110 will be selectively removed from portions
of semiconductor substrate 102 in which transistors of one
conductivity type are fabricated such that first metal 110 will exist only

25 where transistors of the other conductivity type are located.
Preferably, first metal 110 is deposited with a chemical vapor
deposition (CVD) process to protect the integrity of gate dielectric film

108. In an aliernative embodiment, first metal 110 may be physical

-5.



5 affect subsequent photolithography steps. Wiile the depicted enbodi nent
of first gate 120 includes two netals and second gate 122 includes a single
net al , adwiotgiengah netal s or ot her conductive el enents may mer/asidadodio each
gate stack such that, for exanple, first gate 120 conprises a three |ayer

iret gt TA5GF BEPAIEY ith spftidr teckRes I bodlfertSIn WhRIPARTEY
T ﬁW\‘é HEYSS j i 4n FIG
Sf) aN? nsteﬁﬁ@%%glgpn‘édﬁﬁllsecgﬁy gatelqlrbz{‘ \%’{}{ﬂ(}k F%cﬁ%gére?(’%h glérg!sr?l mstnqaln and
a Wsecon%?ﬁﬂ%t-mﬂiﬁl ie)?b %d?ha\}voh’%mhcﬁéh't%aﬂ!ié%l@@e%@ tHel,amneed with
anot her conductive nateri al u

such as doped polysilicon. rning now to FIG

.5) the por%@?g@mégmCﬁﬂt}#{%@ﬂhb&ﬁhﬁ@ﬂ%%if@bl@vﬁ@taﬂ@fél"'ﬁfistdrin'isfthPﬁHOe are

conpl et ed ricating a first transistor 130 of a first conductivity

type agd Spefide trharuft gﬁe 3pidilmQIry, seammancPYuaha/ tithdmioen dxidst

transistor 130 1s fabricat by perform ng appropriate source/drain

i npl ants gimLGanr gain egnbodimentdhavhiotevilist ragtaict toeemaing be rdgg et ed
embodi nent, fifst transistor 130 includes a lightly doped drain (L 51 134

prior to fipansisdors ditieldesidasledifdirshaetaf tlel0 hayy arwong fanbtenithatdgped 25
inpurity distribution to formsource/drain regions 138 all as will be

fam|iar tgloskdeethe comductidn bend efisilicaiuct nrthis esebsidimersi suitabls,
second transistor 132 is formed by inplanting a |ightly doped inpurity
di stri but imetaledfor firstirmetahy 19i inehad e ditastirandl i) SvansdiuoL (\9y,2S7

PCT/ US111/150~1 thereafter inplanting heavil én%o ed source/drain regions
142 aif e@mbmmqumﬁmlybdmuma(mgo)sttama igTa),palummuma(Wd),stor,
inmpurity distributions 134 and 138 are p-type inpurity distributions of
boron or dipbiogm (Bib)eamnd ;qn’etammmmtrldm('%azlﬁ@di ments where a first
transistor S 130 is an n-type_ transistor inpurity distributions 134 and 138
are n type i npuflERing BOW i;mﬁlan&,oa nordosnet Hirsl meteddild has beasr
suitable n-type dopant. Sidewalls 136 are preferably conprised, of a

di el ect ri SeleCHVEY retioved, Indhedeapitted embedinant itk selRei@nduct or

device 100 as depicted in FIG further 10 includes an |nterl evel
diel ectri d'eerQE‘aP@g(jlrﬁE meial hﬁé’s @QCPrGPﬁ\%Bﬁ aWﬁ ggpag %B@r@@ﬁdrai n

S0 008,35 shsuRig 18D GBI Aobkdodg B 5l BB SEE BRSO e
L anosLen, SRR S P ER LB et Ll SRS LA G e 2
e e e P o SR o LAl S04 TABHEER A7 o1
e racThs B PSSR Dl SRR P
remain in the structure of transistors of a first conductivity type while
20 first metal 110 will not be present in transistors of the second
conductivity type. The use of a critical dimension (CD) tolerant mask
such as the second well mask to define the portions of first metal 110
selectively removed as shown in FIG. 2 is desirable because
misalignment of the mask will not adversely affect subsequent
25 processing.
Turning now to FIG. 3, a second metal 114 is formed over the
first and second wells 104 and 106 of semiconductor substrate 102

thereby covering first metal 110 and exposed portions of gate

-6-



20 102 using replacenent gate structures 160 as an inplant mask.
Repl acenent gate structures 160 are patterned on an oxide film 161 using

t he gate waskorf@pl acenent gate structures 160 are typical pyr/g@inpgdSged of a
material, such as poly silicon, that exhibits good etch selectivity with

I | R R
01D, o SRob s PR 708 780 Atk LABIERL QSRR ¥ k4 e it
R A A et 6Ceﬁ%@?@?ﬁ?ﬁigy@é&%‘tﬁ%?&@ﬁ\“@%@E?K;”g
eI vl Gl 5 A S SRR L,

Toa, 117 s VRlsge Dastt BEERGON: fte SBEoMEF TRl hyoRaTER 185 sSrdfRl Bl lo
194" ona bt P s N GBI 5 PR andheRorBaRt ofaeREer e i

114, and t ungst en

respect i veRpndys g%rce 86 rfied ’té V\ﬂﬁ%‘féﬂﬂé*ﬁ‘sﬁ ﬁta}qxgﬁﬁﬁé‘gﬁ? fI¥ET

their respectlve e ls over t adj acent

to the soupfebdraihzANg \Nam«gnéﬁgﬁ&ﬁa%%sé%bqw EBnaNRtioheb gﬁbeof

conprise the gate structure e replacenent gate technlque escri bed

herein bengfiiceilthe $beend r‘rfé%a’ﬁfﬁjé@fs@’cﬁfdr $88bAAtMeRaF 19apaas @wapkat i on

anneals prior |5 to the depositi of the gate dielectric, first and second

net al 1|anefmdﬁ(§h¢hdt1§©I®§én©<!thev\¢ahenc@baﬂﬁ ohsilrdrant ages of this

process is that the high tenperature dopant activation anneals, which may

be detrinmental Pefdvablyafivstmmial e (uahe seebrdtmitapndy beefforgiednd

second netals, wll be perforned prior to the deposition of the 20

di el ectri csgpH it dhe metas typ Withishwork fumetivr olodeso trercaledaetiond with

respect to specific conductivity types or polarity of potentials, skilled
arti sans apanecisaredohtact withdgate dislectypdO&ovargp-avell regioris.pdhenti al s

may be reversed. 25 In the foregoi ng specification, the invention has been
descri bed ethér wardsgiitis desirpbit ifi n-charwdéhtransistevsdneorporatecd roeté@inar y
skill in the art appreciates that various nodifications and changes can be
made Vi% hoon geieadielegtfie oibd teakbapea wortkhiunctésr tloseterthieoaoasluction WO
01/ 972S7 PCT/ USI | 1/ 1S0- 41
band of silicon while p-type transistors are fabricated with a gate
metal on gate dielectric 108 that has a work function close to the
valence band of silicon. If, for example, first well 104 is an n-well
structure over which p-type transistors are fabricated, the work
20 function of first metal 110 is preferably close to the valence band of
silicon while second metal 114, which is on gate dielectric 108 over p-
well regions of substrate 102, will have a work function that is close to
the conduction band of silicon.
Preferably second metal 114 is thicker than first metal 110. In
25 one embodiment, the thickness of second metal 114 is at least two
times thicker than the thickness of first metal 110 and is, still more
preferably, at least ten times thicker. The thickness of first metal 110

in one embodiment is less than approximately 100A while the
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set forth in the clains below Accordingly, the specification and figures
are to be regarded in an illustrative rather than a restrictive sense, and
all such waefe7est i ons are intended to be included within poeyuseRgsOf

present invention. 5 Benefits, other advantages, and solutions to problens

b b . : . L f ' , th
ave been gigernicaslonBeed btepeauis In BREGRNGE GMEpRiBRIBIelbagEET  the

benefits, vantages, solutions to 0 any enent

cause any pemefAt ’Liﬁé‘fg@t?ﬁétaloﬁﬁoééébﬁ? friotaseyy @PP@@?QBI fined
t to be 0

pronounced are no construed as a critical, required, or essential

feature Ormﬁ!f?ﬁ%\/@fdé)ﬂdg,i‘?ibrﬁbfoé%ﬁ%%r@ecfﬁwé’%%eq}ggféﬂthé b%rﬁehgz ito

"conprises,” "conprising," or any er 'variration th , are inten

cover a nopf efslattrivdilnmaloss it ardieRkpdsrid aupirks i9s depoditon ef seebhd or

apparatus that conprises a list of elenents does not include only those
el enents buietdd B4, | ncl ude other el enents not expressly listed or inherent
to such process, nethod, article, or apparatus. -12 WO (11/97257

PCT/ LJS01/ 150. 1TuéhmdyBidw t6 S hddseenicberductor ddvicet100dsdepictedf a

first conductivity type 5 and a second transistor of a second conductivity

type in a afiler@gdietmaskuantreich process advie beemeperformésd tbipatiern
conductivity type and a second well of the second conductivity type,

conpri si ngfirstemmtaptayér 1fQrand secaad endtall leayericl 4vesultireg i the and
second wells; 10 formng a first netal layer of a first nmetal type over the
gat e di el efomnaiionecbai gt getter K20 mwear firstafell HD4 ianxt anseedntayate 1£Re
first portion being over the second well;, then formng a second netal |ayer
of a sdtonavesisecangavel 106.1 kirstigateoh2ednaludesa fitatanataghbd 16ven t he
first and second wells; formng a gate mask over the first well and the
second wel gatgalietacirieg! OBand esseaend meiabd 1dhtornedsenr disat metal 11.er

according to the mask to leave a first gate over the first well 20 and a

second gat 81 6RsHrasle SaUd dadel 122 dnelusipsecorad grtad d T#hin gontast drain
et oo o NS IbIRL ek SBS BBoblRe s ok ST TelS o Stbhebone
second gat B1a@BltaEeniiRGer Hhan frekmdtl o0, 5t and Second gabE T80 ang ' ™
15 122 are substantially similar in physical dimension thereby minimizing
processing difficulties associated with differing thickness. [t will be
appreciated by those in the field having the benefit of this disclosure
that the use of a first metal 110 of a first metal type in contact with
gate dielectric 108 for transistors of a first conductivity type coupled
20 with the use of a second metal 114 of a second metal type (where the
first and second metal types differ) in contact with gate dielectric layer
108 for the second type of transistors enables the threshold voltage
alignment of n-channel and p-channel devices while avoiding
difficulties associated with polysilicon gates including boron diffusion,
25 polysilicon depletion effects, and potential incompatibility with
alternative gate dielectric films. Because first metal 110 is selectively
removed from appropriate portions of substrate 102 prior to formation
of first and second gates 120 and 122, only a single mask and etch

-8-



WO 01/ 97257 PCT/ USQOL/ 150~1 2. A sem conductor device in a sem conductor
substrate having a first well of a first conductivity type and a second

wel | of awgaa@assyconductivity type, conprising: a gate di epEgisiiasmer at
| east a portion of the first well and the 5 second well; a first gate over

the first yeld igpgﬂgp%og@y forthdl8e BhicP sk BA Gafds a3iPaliting. aThisst

regi on of I rs pe and a second regron of a secon type

different foRriant setofBlmletaldss fitdghis 120 8k eplhalignern Ie oate

dielectric; Irst source an aln forne the first well

adj acent t gqHiton) 1 iPdéStion iseaMBnIehte@vethotriraesa@neing! | and the gate

dielectric, the second gate of the second netal type, the second netal type

-bei ng di ff giigatighieent bethicest firstt and iseond Yaeser20 g urze taaticoukecond
drain formed 1 n“the second well adjacent to the second gate. 3. The

seni comlucaffecteviteredicnt photdlithdaeiny stepd. Whileatieodepiste f i rst

t hi ckness and the second region has a secoﬁﬂjthickness, and 20 wherein the

second t hi giilssdirnentioffires gatteot 20 irsluaiemtwo metals aad sesontihgateness. 4.

The seni conductor device of 'claim2, wherein the gate dielectric is a
transi ti oni2etinclwdeden skigle metal,szdditionhlanetaldesr othef comlustiye wher ei n

the first layer has a first thickness and the second | ayer has a second

E E: gtgg:: eﬁrzharw’usrmay hbadadedid eddligaisssiackgseahdhat htor exanfplest
first gate 120 comprises a three layer stack while second gate 122 is
10 atwo layer stack. In such an embodiment, first gate 120 could
include a platinum first metal 110, a tantalum nitride (TaN) second
metal 114, and a tungsten (W) third metal (not depicted in FIG 4). In
this embodiment, second gate 114 would include a TaN first metal
and a W second metal. The third metal layer could also be
15 implemented with another conductive material such as doped
polysilicon.
Turning now to FIG. 5, the portions of semiconductor device
100 relevant to this disclosure are completed by fabricating a first
transistor 130 of a first conductivity type and second transistor 132 of
20 a second conductivity type. First transistor 130 is fabricated by
performing appropriate source/drain implants and fabricating
appropriate sidewall structures. In the depicted embodiment, first
transistor 130 includes a lightly doped drain (LDD) 134 prior to
forming sidewalls 136 and thereafter implanting a heavily doped
25 impurity distribution to form source/drain regions 138 all as will be
familiar to those in the field of semiconductor processing.
Similarly, second transistor 132 is formed by implanting a lightly

doped impurity distribution 140, fabricating sidewalls 136 and
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WO (11/972S7 PCT/US01/1SO Il 6. The sem conductor device of claimb5,
wherein the second thickness is at least two tinmes greater than the first
t hi cknesswgbo1k72sFhe sem conduct or device of claim6, whereptr/iuba/fifist
netal type is tantalumnitride. 8. The sem conductor device of claim?7,

e 1 GRGR MBS BBl ORI Sop e S AT S A 10 <,
second condubiitol bbb b AESTI-RRIEE Rio JUTBLPbR HESRGAR, LhRREYC,
ype. ot BBt DAL b3 A8 Rl ERL cHATRXERISS BFRABICy "

L5 o Sane fabld PuiSe et h RIS ERIGHUE K A Retar 1
second 53 aj 8996 AN AAUHS bl HhStOAds SeBR Bl Ak Aeet to

t he setond removi ng and Second renova gat es;
firet et A HEYBPHRY sfiRYRons AT phOShBROuSTEPEENIs pEpUs SANEDIY T ng
metal | aye EeE0REEE. SRS Ja AreprerRaly ChRaTsed S ARBEIES
LA |7 PRUBIERSh B, sor pRARS SigsRaTaEL D), Lyog 1T Leen Trom
portion of the gbrhigdrifictey d@iidk 100%s defpicfdd # FIG. 5 further
10 includes an interlevel dielectric layer 150 as well as a pair of contacts
152 to source/drain regions 138 and a pair of contacts 154 to first
gate 120 and second gate 122. Contacts 154 and 152 are typically
comprised of a third metal such as tungsten.
Semiconductor device 100 may be fabricated with alternative
15 fabrication techniques or process flows including, as an example, the
replacement gate fabrication technique, in which the source/drain
regions are implanted prior to the formation of the gate dielectric 108
and first metal 110. In this technique, as depicted in FIGs 6A through
6E, source/drain regions 138 and 142 are implanted into substrate
20 102 using replacement gate structures 160 as an implant mask.
Replacement gate structures 160 are patterned on an oxide fiim 161
using the gate mask. Replacement gate structures 160 are typically
comprised of a material, such as poly silicon, that exhibits good etch
selectivity with respect to silicon dioxide.
25 Following the formation of replacement gates 160, structures
162 are fabricated by blanket depositing a film, such as CVD oxide on
the substrate and then polishing the deposited layer to expose an

upper surface of the replacement gates 162 (FIG 6B). In FIG 6C,
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5 portion of the second netal |ayer being between the first and second
wells; whereby a first transistor is fornmed in the second well and a second
transi stowg@/mfhgned in the first well. 10 10. The net hod pdr/okaii®n8.,
wherein the gate dielectric is a transition netal oxide. 11. The nethod of

claim9, %]dbﬁw'e?\t‘;gé s d*l %)eéré‘é‘fcﬁeél %\ﬁégtléagwfbemﬁ@ stracheeyd |ayer

has a second | cknes erein the con ess IS greater than

the first ﬁ@ZCkﬂ*FFIG 6D, dar trileetrien 08 f@r*ﬁed%\?életﬁ%télﬁlré%@ r

thickness is at least twWo tines greater than the firs ness

The met hodgpfd fitsti mickal 1WILises8lddtRv ey §oreied Bvar g ch%mﬁelrreg:@ﬁéaés ! ayer

conprises depositing tantalumnitride by chem cal vapor de tion. 14. The

met hod of - glegiombed pré ?fcﬂ.mxt ey FIGR BE dred @W%@@ﬁ:(ﬁf@@ﬁét@ﬁ Tmt ahdl ayer

conprises depositing platinumby chem cal vapor deposition. -

Ol/ 9725 PEHikIsnetal $964drd Bepbuitatbimeditng sthek lfcdmp M@edeeff%a@oxnde

transition netal oxide is selected from oxi des of Zirconium fni um

Al unmi num H@8, FastmeBill 1 tOhseCohanmetaand Lantitiitd anstaler@efre stchdd The

met hod of clain11, wherein the first metal type is selected fromtantal um
nitride, ntofdorm gateistrustureéarittd.uim ore grdbodimemicfirst wmwtalimiOyanadi um

and titanium -17
.ALL. A Y. Asecandametad. 18 4 sandAhirdametatb 1418 are nolatinura damialrehittides*t } N
and tungsten respectively. In this case gate structures 118 have
10 extensions over their respective source/drains. The gate is over the
channel and adjacent to the source/drains and has an extension The
extension and the gate comprise the gate structure 118.
The replacement gate technique described herein beneficially
places the source/drain implants and dopant activation anneals prior
15 to the deposition of the gate dielectric, first and second metal layers
110 and 112 respectively. One of the advantages of this process is
that the high temperature dopant activation anneals, which may be
detrimental to the quality of the gate dielectric and the first and
second metals, will be performed prior to the deposition of the
20 dielectric and metal layers.

Although the invention has been described with respect to
specific conductivity types or polarity of potentials, skilled artisans
appreciated that conductivity types and polarities of potentials may be
reversed.

25 In the foregoing specification, the invention has been described
with reference to specific embodiments. However, one of ordinary
skill in the art appreciates that various modifications and changes can

be made without departing from the scope of the present invention as
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h& ()->10% h& ()-10GLOGLOGKFL0%GE ()-" ' ([(((")1))iK-K s$10% h& ()-"1!10%

h& ()- | 10bgpeand al seaonahas(l)ofdhelsecord gorductivitg typd, .cormprising

h& ()-)*+W++, dE- K $$10% h& F 1&10% h& ()- Y010% h& ()-1 .!110% h& () -

|,,110% h&the step&afow h& ()- 1"10% h& ()-,F,,,----- aVK@s$10% 10 h 10 h 10

h<GL0% h& ()-!15910% [ [& ()-Y17!10% h& ()- Y5- 10% h& ()- 3#10%

h& ()--% 9- - . N. forangasga®dielectricnues the firsiandsggendiwelisg v () -

| SI 10%
1 forming a first metal layer of a first metal type over the gate

dielectric;
removing a first portion of the first metal layer, the first portion
being over the second well;
then forming a second metal layer of a second metal type
15 different from said first metal type over the first and second
wells;
forming a gate mask over the first well and the second well;
patterning the first metal layer and the second metal layer
according to the mask to leave a first gate over the first well
20 and a second gate over the second well;
forming a first source and a first drain of the second conductivity
type in the first well adjacent to the first gate to form the
second transistor; and
forming a second source and second drain of the first
25 conductivity type in the second well adjacent to the second

gate to form the first transistor.
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U& ()-&'s10% U& ()- 10% U& ()-[.../c// OdEVK@ s$10% 10" 10% U& ()-"10% U& () -
1110% U& ()- 110% U& ()- 10% U& ()- Y 10% U& ()- 01)2g2334dEVK@ s$10%
10y5! 10% We (1)e783S 10% U& ()- +!1 10% U& ()-*s$10% U& ()- Y'pdRUsdisé- f
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100 ha ()21 o aepfuE, s IR TEeReptoP st faving @ © !

aaoo bar ()it @chf;/?ﬁgé?%dmuqmmwﬁﬁﬁé B 2-5dd8AQYBH dia dedors he ()-

conductivity type, comprising:

a gate dielectric over at least a portion of the first well and the
5 second well;

a first gate over the first well and the gate dielectric, the first
gate having a first region of a first metal type and a second
region of a second metal type different from the first metal
type, the first region being on the gate dielectric;

10 a first source and a first drain formed in the first well adjacent to
the first gate;

a second gate over the second well and the gate dielectric, the
second gate of the second metal type, the second metal
type being different from the first metal type;

15 a second source and a second drain formed in the second well
adjacent to the second gate.

3. The semiconductor device of claim 2, wherein the first region has
a first thickness and the second region has a second thickness, and
20 wherein the second thickness is at least two times greater than the

first thickness.

4. The semiconductor device of claim 2, wherein the gate dielectric is
a transition metal oxide.

25
5. The semiconductor device of claim 4, wherein the first layer has a
first thickness and the second layer has a second thickness, and

wherein the second thickness is greater than the first thickness.
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8. The semiconductor device of claim 7, wherein the second metal
type is platinum.

10

9. A method for forming a first transistor of a first conductivity type
and a second transistor of a second conductivity type in a
semiconductor substrate having a first well of the first conductivity
type and a second well of the second conductivity type, comprising

15 the steps of:

forming a first removable gate over the first well and a second
removable gate over the second well;

forming a first source and a first drain of the second conductivity
type in the first well adjacent to the first removable gate;

20 forming a second source and second drain of the first
conductivity type in the second well adjacent to the second
removable gate;

removing the first and second removable gates;
forming a gate dielectric over the first and second wells;

25 forming a first metal layer of a first metal type over the gate
dielectric;

removing a first portion of the first metal layer, the first portion of
the first metal layer being over the second well;
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whereby a first transistor is formed in the second well and a

second transistor is formed in the first well.

10 10. The method of claim 9, wherein the gate dielectric is a transition

metal oxide.

11. The method of claim 9, wherein the first layer has a first thickness
and the second layer has a second thickness, and wherein the

15 second thickness is greater than the first thickness.

12. The method of claim 11, wherein the second thickness is at least

two times greater than the first thickness.

20 13. The method of claim 12, wherein the step of forming the first
metal layer comprises depositing tantalum nitride by chemical vapor

deposition.
14. The method of claim 12, wherein the step of forming the second

25 metal layer comprises depositing platinum by chemical vapor

deposition.
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