0 7 DEC 2004 WO 01/ 97257 PCT/US01/ 15041 DUAL METAL GATE TRANSI STERS Ricr 2004
CMOS PROCESS Field of the Invention The present invention is related to the
field of sem conductor fabrication and nore particularly to a fabrication

processWiu@paGrating differing gate netals for n-chan - channel
devices. Related Art In the field of seni conductor fabr:}?g{lﬁ%ﬂlﬁyﬁ S

typically dgg bME M -channel transistors

wi th mat chi YA A L= S M§£Bg§@$f t he
absol ute val ue of the n-channel and p-channel threshold voltages are cl ose
to zero to increase the device speed. In conventional sem conductor

processing, n-channel and p- (ﬂggsi [g rErlﬁ§,gol,[d vol tages are 15 .
conventional ly adjusted by a nnel inplants and selective
dopi ng of a N ; PRI iqal . Use ,of channel  inplants is
effective i n@d?’?gﬁﬁ%@*ﬂ'ﬁ‘?'ﬁﬂ?@é%&@% ?@U@%ﬁg& -SETHRRNAUGEQN ces but

| es$ ef fAloticaE - i | L1 the use of polysilicon
gate structur eghiogn e@%ﬁ :Eérltji%?’ Z%@B?E?ed ﬁ%ﬁﬂgﬁﬁbﬁh%ﬁﬁ NGRY R(W%Jmﬂasses

st eadi | gliffsrdm e Mutals psehid r QI hap.from p-type

pol ysi licon g%?gt into thgﬁfpadn@g'b%}ra@ﬁa‘%nrbﬁ@ﬁ%fsggpﬁgéﬂ%pl etion effects
associated wth devices having | ow thermal budget and thin gate oxides are

making it increasingly difficult to incorporate polysilicon gates into
advanced technol ogi es. |n additipPjasd AptSenm conductor processing noves
away fromthe use of silicon dioxide aS a gate dielectric, chem cal

reacti ons bdnvibenfipld wéisemiporaiuttorifabrieattiort B/ By HicelifCGbLGaBld uct ures

' ) render polysilicon |ess desirable
L 1 to fabricate n-channel and p-channel transistors with matching

threshold voltages. In addition, it is desirable if the absolute value of
the n-channel and p-channel threshold voltages are close to zero to
increase the device speed. In conventional semiconductor
processing, n-channef 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 difficutt 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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as a gate of choice. Therefore, it would be highly desirable to 7 [BE%:DEZ'.‘O\MU!

WO 01/ 97277 PCT/ US01/ 15041 inpl ement a fabrication) process in which

n- channel and p-channel threshold voltages are natched and satisfactorily

low. In addition, it would be desirable if the inplene S were

compat MU ¥"h  alternative gate dielectric materials. p%fﬁlgﬁflﬁgﬁri ption ~

of the Drawi ngs The present invention is.illustrated by way , of exanple and
hick n-ehatnalandde h

not | inmplersant @ falyicaliomprogess N wivek N-chajhela rGhaRRehces 10

I ndi cat iml | ts, d i ich: Fl I, tial .

sect | ondhresbaldwoiagan ake mashol drid sasstebiidod. dBvAQdRiIt di ng o
nmbodi t of the. i ti ; FIG, 2, i [ St b tt

FlG 1 wouli be desirable dbthe idiplemenisl] Brogess Wete sapatIB Rt ons of

t he sem conducior 15 device, FI 3,0s a partial cross sectional view ,
subsequ@ﬁefﬂﬁl’tﬁﬁt}gaiei(ﬂeyaﬂf'@nn@?gg@&d gate metal is deposited over the
first gate nmetal; FIG 4 is a processing step subsequent to FIG 3 in the
depo@ited nmetal s- are patterned into gate structures; 20 FIG 5 is a

Lt jes FlG 4 in . which n- .channel and p-channel
transi stors have been f&@HSHEER{IIHINL Ol HrEtgr~8E il lustrate an -
alternative process flow for formng a sem conductor device according to
the present invention. Skilled artisans appreciate that elements in the

necescar i1y 2 prépeRt ifebBhrils MHSRAATN Wef of th@RETEAGNEY e o

the limitation in the accompanying figures, in which like references

processi ng step subseque

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 gaie metal is deposited over the first gate metal;
FIG. 4 is a processing step subsequent to FIG. 3 inthe |
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 semicdnductor device according to the present invention.
Skilled artisans appreciate that elements in the figures are
25 illustrated 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



elenents in the figures may be exaggerated relative to other el eBehtBED 7904
DEC 2004 WD 01/ 97257 PCT/ US01/ 15041 to hel p inprovb t he under st andi ng of

t he enmbodi nents of the present invention. 7 DEC 20 WD 01/97257

PCT/ USBH) 4452%7 Det ai | ed Description Turning now to the YrH¥PHES™F Gs. 1-5
illustrate cross sectiona views at various stages in one enbodi nent of a
sem condodialp improeetse mmt@tagdirg; oidheresbodimeats obthelprddant 1, a
partially conpleted sem conductor device 100 is illustrated. Sem conductor
devi ce ipPerBonepicted in FIG 1 includes a sem conductor substrate 102
into which a first well 104 and a second well 106 have been forned.
Typically, sem conductor substrate 102 includes a |lightly 10 doped n-type
or p--type single crystal silicon. The depicted .enbodi nent of

sem conductor device 100 is fabricated with 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 fornmed while second
well 106 is selectively inplanted into regions 15 of substrate 102 into

whi ch transistors of a second conductivity type wll be fornmed. In one
enbodi nent of the twn well process, the first well 104 may itself be
enclosed within a tub (not depicted) in which the conductivity type of
first well 104 and the tub are opposite. | n another enbodi nent, substrate
102 may include a lightly doped 20 epitaxial |ayer formed over a heavily
doped bul k. In one enbodi ment, for exanple, the depicted portion of
substrate 102 is a p- epitaxial



| ayer fornmed over a p+ bulk, while first-well 104 is doped n-type mﬂi?epEp 20
second wel| 106 is p-type. N-type conductivity structures may be formed by
i mpl anti ng sem conductor substrate 102 with a suitable n 25 t Pp | mpurity
such a¥QP¥YNorous or arsenic while p-type structures Pﬁﬁgmﬁé296¥ned by

I nplanting with a suitable p-type inpurity such as boron. First well 104

and second wel | 106, as depic[ﬁﬂaMQdHDgsctm%kﬁ1 | sol ated from one anot her
with trench isolation structures . Trench 7 DEC 2004 WD 01/97257

PCT/ US01/ 15041 isol ation structures 112 may conprise a suitable insulator
such as a dielectric material. In the depicted enbodi nent of sem conductor

devi-ce 100, fiurslingmiowetmtite dehiving8AFGs. 106 iHustrtescosd gectiepal at ed

fromone another by an internediate isolation dielectric 5 structure 112.

| sol at i viewsalteeariousidtagey in orlcdmbodivrent of i semdiconducigrher suitabl e’
el ectrical insulator material. A gate dielectric 108 is fornmed over first

and Jecpndcess lacadriingrid e presenbinvention02An FiGore apavtiaitynt, gate
dielectric 108 conprises a conventional, thermally fornmed silicon di oxi de’
with a compietedesami¢opdeictonbieyiced OG l&ﬂlun‘trata«grr&&mmomduetmt her
enbodi ment; gate dielectric 108 may conprise an alternative gate nmateri.a
such asdeviceait §Q asrdepicieddx HEGmdtiscludes ausenicanduciorsubsirate
dielectric materials are suitable for their high dielectric .constant (K),
whi ch eh@Biisto wibiaks a firstavellildd anghasecendavell d 06 yavedbaent 15
adversely affecting the electrical and capacitive, characterjstics of the
film Hermemdsel ywicallyaisammicpnduatan thsirate 102 inglusles adighilyn net al
oxi de c osites selected fromoxides of,zircopnium, hafnium al um num
| aaoharﬁgﬁeetnﬂpm privieg smglesq:ma;@ﬁsﬁmn-h? he depicted )

.embodiment of semiconductor device 100 is fabricated with a twin

well process in which first well 104 is selectively implanted into

portions of substrate 102 where devices of a first conductivity type will

be formed while second well 106 is selectively implanted into regions

15 of substrate 102 into which transistors of a second conductivity type

will be formed. In one embodiment of the twin well process, the first

well 104 may itself be enclosed within a tub (not depicted) in which

the conductivity type of first well 104 and the tub are opposite. In

another embodiment, substrate 102 may include a lightly doped

20 epitaxial layer formed over a heavily doped bulk. In one 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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)

conbi nations thereof. 20 As further depicted in FIG 1, a first et &1 DG 02004
of a first netal type'!is deposited over gate diellectric 108. As descri bed
in greater detail below, first nmetal 110 will be selectively renoved from
porti oW® 018f28em conduct or substrate 102 in which trandtEYi0d/18H1 one
conductivity type are fabricated such that first nmetal 110 will exist only

2 o neIaplan sl A1 Tonpe R s RSt Sachh g,

Prefera rst me Ited with a chem cal vapor

CVvD : it cnt ' ' Hel i [ 108. In an
it o) nayBfecttic, Mtbolct CInithe depried dniodimentbf sethiedndieBr 200 vo

01/ 972°Je\iEE/ 150 LitSO4Ad \Gars nd apelis el whndh] 66%xe phiysicaiess. | n

enbodi nents in which first netal 110 will ultinately renai’n on p-type

transi @egjératéﬁ fronmesic ahbthéet byt A9 ihtershedidial isolatiohadietegtpick function
s

that is close to the valence band of silicon. In this enbodi ment, suitable

met 8l s siictlre Slt‘[?.‘fﬁtlsbl_a(ﬁitfh ?Jlg%lggtﬂdq t2enayinCRede dry oside) Gitridle, Rrat i num
e

(Pt), and rutheni um oxi In an enbodi ment in which first netal

110 remhess@litarbIQMectlﬁmahmwlat& mdtetial.desirable if first nmetal 110 has
a work function that is close to the conduction band of silicon. In this

enbodi ment , Asgateldielectrical 88fisrfofimed owerdirsi and setoue wellsn1 0 (Ti ),
vanadi um (V), 10 zirconium (Zr), nolybdenum (M), tantalum (Ta), alum num
(Al), anidob06und subsiraied @2ntial onerembodgimeniNgateudialegtriodOB FIG 2, a
portion of first netal 110 has been selectively renoved. In the depicted
enbodi aemprises aspevanionaleibeamaldly farmed sdlicon dioxide sddd@l i shed with
a mask and etch 15 process using the well nmask used to form second well
104 | thickness of preferably less than 10 nanometers. In another

embodiment, gate dielectric 108 may comprise an alternative gate

material such as a transition metal oxide material. Such alternative

gate dielectric materials are suitable for their high dielectric constant

(K), which enables the use of a thicker gate dielectric layer without

15 adversely affecting the electrical and capacitive characteristics of the

film. For these alternative gate dielectrics, suitable transition metal

oxide composites selected 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 alternative embodiment, first metal 110 may be physical
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enbodi ment, first netal. 110 is renoved over second well 106 (into vhilcBEC 200
transi stors of the secohd type will ultinmately be fabricated). Thus, after
transistor formation is conpleted, first netal 110 will _remain in the

st ruct W®0IS723% ansi stors of a first conductivity type wRETASOHINIL st netal
110 will not be present in transistors of the second conductivity type.

The usevapordeposited witheasputtgrgmoaess:r dnembadimenis iswitiehdosind wel |

mask to define the portions of first metal 110 selectjvely renoved as
shown imetals] 10 wdll ddimailely reatainsen g-Hgpe JraBaistors,tiliés railel ifnot
adversely aff ect subsequent 25 processing. Turning nowto FIG 3, a
second tiet firstirnetat type aworkfenctionsthainie clesento e valenseand 106 of

sem conduct or substrate 102 thereby covqrin? first get?J 110 and exposed
por t i orand afsiticonoEm thisienibodimégnt, ssuitaliestalsdor asemetalil!Qos.
‘Second netal 114 is of a second netal type where th econd netal type has
a dbf f dneludewheriune (Re), indiiraH{l)s pladinwst §P1), rytheniugn axide: net al
for first nmetal 110

110. In _enbaodiments where the first, nmetal = type d
has a WGHOLND? s EBOTIMENIJBAVRISH Hirst rgtaht d00ainS O NAYRE t he
he. CoRRAISEISAnIS desirabEof TTSLRRE) G hat aoResR THBROrrEtdS: he 1 rot
'he conbeeitadnsaansiuctiontad ofiliciionn Wi ABRsUTR Y Slaticond
ol AdilaTor 12 Srafal 1 TR bt OE apE R FTC o o
thag  DfcORhidm I Hiobdelitint (MES thrRafldSeras Ailfnii Y, on )
niobioum (Nb), and tantalum nitride (TaN).
Turning now to FIG. 2, a portion of first metal 110 has been
selectively removed. In the depicted embodiment, the selective
removal of first metal 110 is accomplished with a mask and etch
15 process using the well mask used to form second well 106. In this
embodiment, fi-rst metal 110 is removed over second well 106 (into
which transistors. of the second type ;Ni“ ultimately be fabricated).
Thus, after transistor formation is completed, first metal 110 will
re}nain in the structure of transistors of a first condugctivity 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
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)

band is in contact with gate dielectric 108 over p-well regionsﬂq % DEFh&W4
words, it is desirablelif n-channel transistors inhorporate a netal 15 on
gate dielectric 108 that has a work function close to the conduction band
of silwoan/ons?7l e p-type transistors are fabricated w t RCIEAL@S04et al on
gate dielectric 108 that has a work function close to the valence band of

Si 11 congiel berd@ o b cond imétal 14 9 0f d Seaang lthl tyhe ughare thuer whi ch

p-type Transistors are ftfabricated, the work 20 function of first netal 110

| s Pref&sabhy Flctartyde Hiss ualifesenbavstkdunciidr Heanwhd rstepetal metal 114,

whi ch isTon gate ectric 108 over p- regions of substrate 102, w |l

have a ywikuEBAcidrofivstibtals] #0098 émbddimeniadwiisrentHafisstometal i con.

Preferably second netal 114 is thicker than first nmetal 110. In 25 one

enbodi uSBEl 107 ffenenatal 1 $6 trnslanwoak faAdtion thiatlisatiosevio the nes

t hi cker“than the thickness of first netal 110 and is, still nore

pr eker aplencet baerbbf silltdn, he $bcokdrmetaktyie aseesforrseconetmedahl 110
in one enbodinent 1s |less than approximtely 1 00A while the 07 DEC 2Q0, WO

01/ 9725(1 AEHISGOHR Fehdtivcélssstethe eomlctivrabayid dfsiliconhe range of
approxi mately 200- 2000A. Like first nmetal 110, second netal 114 is

pr ef er Dbrversely invertbodit\dhisewbereitbe fivsiqastak type asect fambrsint egrity
of the portions of dielectric film 108 that are exposed during the
deposi tretalot 18dwasd wornkefLuiction thaliisnclegentonthe carcluation dardmfuct or
device 100 is depicted after a gate mask and etch process have been

per f or wilicon, the second metal tgpel useg dor seconshmelal i 4das a wesk 114
r ei'lS(l)JI t ifSrgtc{ignttrl]'leat is close to the valence band of silicon.

Preferably, first metal 110 and second metal 114, are formed
such that the metal type with a work function close to the conduction
band is in contact with gate dielectric 108 over p-well regions. in
other words, it is desirable if n-channel transistors incorporate a metal

15 on gate dielectric 108 that has a work function close to the conduction
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 fabripéted, 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

ZSI 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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formation of a first gate 120 over first well 104 and a second ggté Qﬁﬁzﬂmh
over second well 106. First gate 120 includes a fitst nmetal 110 on gate
dielectric 108 and a second nmetal 114 forned on first netal 110. In

cont r aWO 01888%nd gate 122 includes second netal 114 in EEGHUSGYVISON t h gate
dielectric 108. Because the second netal 114 is an order of magnitude )

t hi ckerthibknebisrof seeoat mlal fildsis iarihes eange obapprofimabelyl20022 are

substantially simlar in physical dinmension thereby mnimzing processing

di f fi cuPODBA.adskeifaskmedalH W fsecond metakhédsis pref@rablpormececi at ed by
those in the field having the benefit of this disclosure that the use of a
first nwithla QVDdepddition pracasy ipprotectdinanintegrity oktites pdiribast ri ¢ 108
for transistors of a first conductivity type coupled 20 with the use of a
second ofedigleciric dilmal 68dhad aretexposed duringdhendeposiionapfisecomet et al -
types differ) in contact with gate dielectric layer 108 for the second
typs ofmetahdiddiors enables the threshold voltage alignment of n-channel
and p-channel devices while avoiding difficulties associated wth

pol ysi | i con akring rowito MGost,semicondusior deviee 0 ig cepieiedt i on
effects, and potential inconpatibility with alternative gate dielectric
films. afteragate maskend etah precessdiave dgennedosmad tnpatielpri at e
portions of substrate 102 prior to for i on f first, and second gates 120
and 12irsbmstal layeyld Grase seaosdometal iamrd Fdoresuiting tvie

Thu tRATTERON Bha Sedtemen aver fist wellyibe Hng arecad Gategiea. in
betthecAvian O] Wel iR o Kt 6o 360 Nekidee: adisf metdlal FRE sabsequent
phot ol btatr'é’%figi)ehgtn%t 268 and'a Second 3154 4 formed on first metal 110.
In contrast, second gate 122 includes second metal 114 in contact
with gate dielectric 108. Because the second metal 114 is an order of
magnitude thicker than first metal 110, first and second gateé 120 and
15 122 are substantially similar in physical dimension thereby m'inimizing
processing difficulties associafed with differing thickness. It 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 conduétivity' 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 voliage
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
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* enbodi nent of first gate 120 includes two netals and second gat e“U IZQEC 200%
includes a single nmetal!, additional metals or ot het conductive elenents
may be added to each gate stack such that, for exanple, first gate 120
conpri Max0129723M ee | ayer stack while second gate 122 i s BROI/HSGISO41ayer-
stack. In such an enbodinent, first gate 120 could include a platinum

first metep id FOqUIrcAIB fbramiirst andesédoMl gatesd 20vanal 1224, Thud, a
tungsten (W third netal (not depicted in FIG4). In this enbodi nent,

second s firdfldndosecondanetialsaofMitstigate 126 are salidaligneskclmd netal . The

third nmetal layer could also be 15 inplenmented with another conductive

mat er i ahdditidn atheal ipeehtipolis siMplementad witipubintredeciBg 5, the portions of
sem conductor device 100 relevant to this disclosure are conpleted by

f abri capiisglignmerst betweesi firstrarsesond gates 120 @nd 22 ihaygeuithd second
transistor 132 of 20 a second conductivity tme; First transjistor 130 is

f abli caafiecbgubsequeni photolithography siepsseMihierihengepigtedand fabri cating
appropriate sidewall structures. in the depicted enbodi ment, first

t r ansi sembadionent biidiest gate Ji20 includes wvaimetalsondzeeendgate f or ni ng

sidewal | s 136 and thereafter inplanting a heavi Iﬁ/ agged 25, 1 nPuri ty
di st ri blR2 dncludes ensingle setrliasdiignahametadsHl olRencondyictiMani i ar to

th in the field of ) conduct ing. ,Simlarly, d

{1 anei Slemants may heraddeyl 1oBea OBLS SRckIRUGH thBbdPnaxAmAG,
distribution 14 fabri catin Ei deﬁgl s 136 anﬁ. WO 0_1/ 97257 P%QUSOII 15041
t her eaffitst GaiBl bR iIGRINRESES gt R dayel stask while serend date IS

) MR8 RS 1458 SthekS in SGER '8 BmBadihrt, PrivB&id A5 calag: T mPurity
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 io 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 sidewails 136 and

9-



di stributions 134 and 138 are p-type inpurity distributions of IQOFODEQNZUU’! -
other suitable p-type dopant. In enbodi ments where'a first transistor 5 130
is an n-type transistor inpurity distributions 134 and 138 are n- type

| mpur i WO elvegty7i buti ons of phosphorous, arsenic, or ot hePCHUBUASHA n-type
dopant. Sidewalls 136 are preferably conprised of a diel ectr| c mterial

T F o therBariaaRnthg LRV, oRER) sefl AR LBOIG SR A3 el T B
1541 o SitiehGEhES vhibe fraCHBRRISIET A0 e lvRE AN anu"*fg’?”f?"”t e
dovi co disyifBhs Tasnd 128 el ioeT i G URAPARNSeIUROEE D oo o
Fechn: it Stable B fbe Bora A R o e R RO o e
Igg n;[ Aﬁib?%g%ﬂﬁpﬁﬁéﬁ'%lgﬁgir@Ram O%]ﬁlbfug@source;#glsgl ?Iéégriofls 138 and

142 ar qxpgﬁh@p tﬁﬂgﬁﬁ$ g)r?@séﬁaréﬁs NHr&SHIC GIBTHerostiRable uct ur es

160 as nt’ gate structurés 160. are patterned on

an oxi ﬁfy;b%gan%éém USI @\J\Faﬂﬁs J8Eare profdelipompriasd ofd tisleetde 160 are

typi ca séd o a materia ch as poly silicon, that exhibits

good etphte !gef:hva fop éﬁagp@e@ﬁlucmwﬂriwn di oxi de. 25 Fol |l owing the

formation o rep ace nt gat 160, structures 162 are fabricated by

bl anket dep@éﬁ'ﬂ@én@u@tbﬁdeﬁﬁ'@é 100 @édepictedoin FiGe Ssfirghent e and then

polishing the deposited | ayer to expose an upper surface of the )
" et} ac Etidepbesintérelel QiéRictricriale 18D asiwell 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 atternative

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 depicte_d in FIGs 6A through
6E, source/drain regions 138 and 142 are implahted into substrate )

20 102 using replacement gate structures 160 as an implant mask.
Replacement gate structures 160 are patterned on an oxide film 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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0 7 DEC 2004 WO 01/97257 PCT/US01/ 15141 repl acenent gates 160 are lef cBEQ 2004
away | eavi ng behind striuctures 162. In FIG 6D, gdte dielectric 108 is
formed over the entire wafer and first nmetal 110 is selectively fornmed

over pwoharmes? regi ons as described previously. In Fl GTHSAAMIEF, a
second nmetal 114, and a 5 third netal 116 are deposited and the stack

(conpri %ﬁlaﬁem@rﬂ @aliete] 6008 btohed ervay leavingbebind siratiures and third

metal 1 are etched to formgate structures 118. In one enbodi nent, first

“netal 1182, heFiGIcDtghtelditleatit 108 is formed mverdhe entirewafer ant al um

nitride, and tungsten respectively. In this case gate structures 118 have
10 ext egpdofisstanetal hdilxisrsslieetivele fasnedenveaprehamnel gagions asver t he
channel and adj acent to the source/drains _and has an extension The

ext ensi deseribachprewicusipnin 5iGs I6E gnd68, eusecoadimetalid 4,canddnent
gate techni que described herein beneficiall pl aces the source/drain

i nplsant #hisadnetalaht Gaane depmﬁeﬁiral@dlthepﬂiﬁaﬂ)f( (compsisat Of gale OXEIe of t he
gate dielectric, first and second netal Iayers,élo and 112 respeﬁtively.
One of 108, fitsshmelgds 10, secandimoetals! 14 ana dhirdhaeiabi 1o-apR&l€bed dopant

activation anneals, which may be detrinental to, the qualit f the gate
di el ectto fDr&ﬁcgaﬂﬁeStmﬁilﬂreﬁ\mBsekfbﬁBenﬁg&PQ&mﬁma fygst ?%Qirﬁér prior to the

o oSty el 1ok e e PRTaLF 4B alc b BRI AR O
o e Fiosisb i nan (S sEbath SicABg A Heye  vPe o
) SPEE 1 Saenlons Sver i 3RpaRtvBeEBu S a R The gate is over the
channel and adjacent to the source/drains and has an extension The
extension and thé gate comprise the gate structure 118.
The replacement gate technique described herein beneficially
places the source/drain implants and dopant activation anneals prior
15 1o the deposition of the gate dielectric, first and second metal layers
110 and 112 respectively. Oné of thg 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

11-
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with reference to specific enbodi nents. However, one of ordinary skill i
the art appreciates t hat various nodifications and' changes can be made

wi t hout departing fromthe scope of the present invention as -11 07 DEC WO
01/ 9725‘?0!3@5]’%@)’501/ 15041 set forth in the clains bel ow. A&TOFIVEMY, the
specification and figures are to be regarded in an illustrative rather
than a &eitferih inthe olaigps beloval P‘\@Qﬁﬁﬁmghd,fth@aSPQﬁngﬂ@m @hded to be
included, within the scope of present -invention 5 Benefits, ,other -
advant agwre@rﬂr%mfhe segarded bR ilystrsiveyaiheddban adeshietivew t h
regard to specific enbodi nments. ..However, the benefits, advaptages,

sol uti oS&Nse, @yl adhsuc d@oaitﬁcaaoaﬁ@ﬁe( gytemﬂeac? HRyPe Huslbaad, Water it

- advantage, or solytion tq ., occyr or beconme nore pronounced are not to be
the fqresandin

const r u&AeHCAPY ETIES VEEHP Y ed, or essential feature or el ement of
an r all the cJlai As used herein; ,the t.erns, "co i ses, "
" cg rising, %%}e#ét@ﬁbﬂﬁ@}djmdﬁaﬁ%@?@é@%@%@ pﬁSE h8Veover a

Appar at boa descaBis pBeyE Wi e G d IS BB AT aRl e onl y those
o suchriabuese bengitSa At tades, soaians-B BiibFPenaticsey vo
01 9725 i CTLHRAYS0, LA dny heFRAA b Andeid 8P sBilid ! ans! stor
occur or become more pronounced are not to be construed as a
10 critical, required, or essential feature or element of any or all the )

claims. As used herein, the terms "comprises," "comprising,” or any
other variation thereof, are intended to cover a non-exclusive
inclusion, such that a process, method, article, or apparatus that
comprises a list of elements does not include only those elemenis but

15 may include other elements not expressly listed or inherent to such

process, method, article, or apparatus.
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5 and a second transistor of a second conductivity type in a sem cﬂmﬂdﬂECoBﬂﬂl}
substrate having a first well of the first conductivity type and a second
wel | of the second conductivity type, conprising the steps of: formng a
gat e dwal@etrgdrc over the first and second wells; 10 forr@agsoa/1sidast net al

| ayer of a first metal type over the gate dielectric; renoving a first
portion of the first metal layer, the first portion -being over the second
well; then form ng a second netal |ayer of a second netal type 15 different
fromsaid first metal type over thelLAIMS and second wells; fornming a gate
mask over the first well and the second well; patterning the first netal

| ayer and.the second netal |ayer according to the nask to | eave a first
gate over the first well 20 and a second gate over the second well; form ng

a first1sdumethod farfc;nmaing?itaaﬂrstdfaneistewﬁraifitsimnduativitytyp@e in the
first well adjacent to the first gate to formthe second transistor; and

f or 4 ngandsesectrmbtrarsistor ofea satandiconduathdty type IRR conductivity type
in the second well adjacent to the second gat e to formthe first
t r ansi ssemicandubksr sobstratediadngsa fivstwalb of e firsk conduelivibhduct or
device in a sem conductor substrate having a first well of a first
conductiype: gndya senanchwalt oh dhasgecend ConAusiiVit: BrieRceomprisinge,
conprising: =
the steps of:
forming a gate dielectric over the first and second wells;
10 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.

-13-



[y
a gate dielectric over at least a portion of the first well and thUe7 QEC 2004
second well; a first gate over the first well and { he gate dielectric, the
first gate having a first region of a first nmetal type and a second
-regi onw@i/gr2zsecond netal type different fromthe first powtisbizitoype, the
first region being on the gate dielectric; 10 a first source and a first

drai n f @ npdsemiconducter d@litedd asemidondudivr suisstrage diavingegond gate

over the second well and the gate dielectric, the second gate~of the

second firsbivalioba fifst condadiivhy apetame Dectordl iell ona deegniihe fir st

metal type; 15 a second source and a second drain forned in the second well

adjacentdndﬂ&ﬁv@pggmg,gghmpﬁ§k1.he sem conduct or device of claim2
wherein the first region has a tirst thickness and the second region has a

second thi ckate%ate didlctfiriohever at léwstsa gowidrhof knesirst well drghtitet wo times
e

greater than first thickness. 4. The sem conductor device of claim 2,

wherdei n the gatesdcehetwsll; is a transition nmetal oxide. 25 5. The
sem conductor device of claim4, wherein the first layer has a first »

t hi ckness ang fitst gateoovel dherfirstsvell aacbthie gateldiedectricydhenfiestei n t he
second thickness is greater than the first thickness. -14 8 7 DEC 2004 WO

01/ 97257 PCT/ USogatsbvaving ahiirstesgion ofa dirstinveiad typecandra Secemd ei n t he
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 welil 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 semiéonductor 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.

-14-



t hi ckness is at least two tines gfeater than the first thickness. §7/ [JEe 2004

sem conduct or device of claim6, wherein the fi rst) netal type is tantalum

nitride. 8 The sem conductor device of claim7, wherein the second netal
type iwopkarshum 10 9. A nethod for fornming a first tPERISEYH04L] a first
conductivity typ and a second transistor of a second conductivity type in
a sem conductor substrate having a first well of the first conductivity
type and a second well of the second conductivity type, conprising 15 the
steps @. T sengicoriductorrdenvicetdieclgameSpwhendie thersecordl and a second
renovabl e gate over the second well; formng a first source and a first
drai n dhighressioed leastitwoi tineg greaiterithathe first thiekneadj acent to the
first renovable gate; 20 form ng a second source and second drain of the
first conductivity type in the second well adjacent to the second

renovabl e gate; renoving the first and second renpvable gates; formng a
gat§ diel d esenmimndurgoride;ﬂcamf clagpra, wharein 2herlirstimgtal iypast net al
| ayer of a first nmetal type over the gate dielectric; renoving a first
por ti ois dantalam initid@et al | ayer, the first portion of the first netal
| ayer being over the second well; -15 07DEC21 WD 01/97257 PCT/ US01/ 15041

8. Thé 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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then form ng a second netal |ayer of a second netal type diff erent Ur]o[y‘EC'ZI
said first netal type dver the first and second |1s; and renoving a

first portion of the of the second netal |ayer, the first ortion of the
second WeW0&P753yer being between the first and second MEWESO1{if¥leby a
first transistor is fornmed in the second well and a second transistor is

formed in thﬁlg@yﬁrmaé&%?émém'l et @fsedendnfetaltgigd n the gate

di el ectric. I'on oxi dé. 11. The nmethod of “claim9,
wherein the firsy RSt hheiitgpe ovedthedirse e seevpid has a
second t hi ckness?lgﬁkﬁ%@?ﬁﬁlﬁige 15 secogggthi ckness 1s greater than the
first thickness. -TAYgget hod of claim 11, wherein the second thickness
is at least two tli més greater than the first thickness. 20 13. The nethod
of claim 12, raReh@ing é*fﬁs%?tgti@h bpihe of thbesécont! muthhlayadheckintr i ses

depositing tantalum™itrid y chem cal vapor deposition. 14. The et hod
of ¢aim1lz, \Ahep@'rnohftﬁ #ieeseebricomutal Jayer beingbeRbeentthie figter

conpri ses depositing platinumby chem cal vapor eposition. 0 7 DE 20U1
15. The method ofnel sevohd wellstein the transition metal oxide is selected
from oxides of Zirconium Hafnium Al um num Lant hanum Silicon, Titanium
and combi nawhevebyarfiet tratsistoeistornmeddh ilesecondwesleamd ge fir st
netal type is selected fromtantalum nitride, niobium alumnum tantalum
nol ybdenum zi r copcomd ivangititomis dormed 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 6laim 12, wherein the step of forming the second
25 metal layer comprises depositing platinum by chemical vapor

deposition.
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titanium 17. A sem conductor device in a sem conductor substrate na}/icquaz |
first well of a 10 first conductivity type and a second well of a“se 00
conductivity type, conprising: a gate dielectric over at |least a portion of
the first well and the second well; a first gate over the first well and
the gate dielectric, the first gate having a first conductive region of a
first nmetal type, a second conductive region of a second netal type
different fromthe first netal type, and a third conductive region of a

sel ect.ed ' j |V, i fferent fromthe second. netal type
or dgged Eggydﬂ%ihggn& %‘Ef@{ ﬁﬁmh%r?'égtﬁgntp%'tﬁ@ %‘ﬁt{lho : afsesﬁlleg egcﬁr?rinc; first
sour ogidesd o Zirestiunh; aHaffiehredlunfintine Lhntbanuwel, | Saidbac eTitarigmt Rgdf i r st

gat e; %eco_nd ate over the second well and the gate dielectric, the second
gat e cBMPinatiang Meseef met al type and being on the gate dielectric; ?0 second
source and a second drain fornmed in the second well adjacent to the second
gate. 18. The sem conductor device of claim 17, wherein the first region
has 46fi r $he methetteélainnt, wheresrethentirst egtaintypads selesteshiomhiaokalems, and

Fir < PR it ARG, coBhoiEfih. ARobWALABREIRL e

di el 8ahiune. is a transition netal oxide. 20. The sem conductor device of
claim19, wherein the first region has a first thickness and the second
region has a second thickness, and wherein the second thickness is greater

thanqyhe Aideplicdiducidiedsvicein a TatmieSRlAMISBMatd phing 2Fird!wdimbgq. Wwherein

the second thickness is at least about ten tinmes greater than the first
titi cRise sonductivity iepes entl oo seoenc wedleafi @ second icanductivity wyre, e¢amprising:i r st

vn\ﬁ;?lai ;yff giageegﬁédétﬁr%@ie} ?:§/ g%sli ;ghﬁoﬁigﬂi (ffotﬂgufﬁgt()%eﬁlea\ﬁidcﬁmeoéec%ln%i \%Iﬁz’
a first gate over the first well and the gate dielectric, the first gate having a first
conductive region of a first metal type, a second conductive region of a second metal
type different from the first metal type, and a third conductive region of a selected one
15 of a third metal type different from the second metal type or doped polyilicon, the first
region being on the gate’dielectric;
first source and a first drain formed in the first well adjacent to the first gate;
second gate over the second well and the gate dielectric, the second gate of
the second metal type and being on the gate dielectric;
20 second source and a second drain formed in the second well adjacent to the

second gate.
18. The semiconductor device of claim 17, wherein the first region has a first
thickness and the second region has a second thickness, and wherein the second

25 thickness is at least two times greater than the first thickness.

19. The semiconductor device of 17, wherein the gate dielectric is a transition metal

oxide.
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tantalumnitride. 24. The sem conductor device of claim23, wherei ngt FneDEC 20
transition netal oxide is selected fromoxides of Zirconium Hafnium

Al um num Lanthanum Silicon, Titanium 15 or conbi nations thereof. 25. The
sem conduct or device of claim 24, wherein the third netal type is tungsten.
26. The sem conductor device of claim25, wherein the first gate is for a p
channel 20 transistor. 27. The sem conductor device of claim26, wherein
the second gate is further characterized as being a stack conprising a

¢ . _ ‘ ' o . h
secofth verté Seiodrfichf gAedTor Qe 0%, Ahert MOy TeBlfchas B B4TC o
r egi thickna8s ahldetheesgooaddiegionr haew seconkd thickines® 7andvndreeein thbesesohdtrat e

conprises a. siljcon layer op. an insulator. o 29. The sem conductor device
of c{héﬁ §F1s Ql!ﬁéteéi?'??"tﬁé fF?’trtElCﬂE%?ﬁ:lucti vity type is P type and the second
conductivity type is Ntype. 0 DL( O is O 7 DEC 2004 30. The sem conduct or
device of claim 17, wherein the second netal type is selected from
tant al.um e semisondueipr deyicepligiain 20, whatein thg seasingbbickoess isiatdeastum

vana, .&mlter?ﬁr%ey @é}gymanqﬂ?gg?gwéﬁgsgpnduct or device of claim30, wherein

the Tirst netal ®type I's se romiridium platinum rhenium or
rut heni um oxi de. 32. The sem conductor device of claim 31, wherein the gate

O e S b 551 et M5 ALy DBkl o

10 23. The semiconductor device of claim 22, wherein the second metal type is

tantalum nitride.

24, The semiconductor device of claim 23, wherein the transition metal oxide is
selected from oxides of Zirconium, Hafnium, Aluminum, Lanthanum, Silicon, Titanium

15 or combinations thereof.
25. The semiconductor device of claim 24, wherein the third metal type is tungsten.

26. The semiconductor device of claim 25, wherein the first gate is for a p channel

20 transistor.

27. The semiconductor device of claim 26, wherein the second gate is further
characterized as being a stack comprising a fourth region of the second metal type on
the gate dielectric over the second well and a fifth region of the third metal type over

25 the fourth region.

28. The semiconductor device of claim 27, wherein the substrate comprises a

silicon layer on an insulator.

30 29. The semiconductor device of claim 17, wherein the first conductivity type is P

type and the second conductivity type is N type.
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33. The sem conductor device of claim 32, wherein the first gate hgs7eDEC 2004
extension over the first source and the first drain. 15 34. The

sem conduct or device of claim 33, wherein the second conductive region is
thicker than the first region. 35. The sem conductor device of claim 34,
wherein the second region is at least 20 two tines thicker than the first
region. 36. The sem conductor device of claim17, wherein the third
conductive region is o the third netal type. 37. The sem conduct or device
of claim 17, wherein the third conductive region is doped polysilicon. 19

30. The semiconductor device of claim 17, wherein the second metal type is
selected from tantalum nitride, niobium, aluminum, tantalum, molybdenum, zirconium,

vanadium, and titanium.

31.  The semiconductor device of claim 30, wherein the first metal type is selected

from iridium, platinum, rhenium, or ruthenium oxide.

32. The semiconductor device of claim 31, wherein the gate dielectric is selected
10 from oxides of Zirconium, Hafnium, Aluminum, Lanthanum, Silicon, Titanium or

combinations thereof.

33. The semiconductor device of claim 32, wherein the first gate has an extension
over the first source and the first drain.

15
34. The semiconductor device of claim 33, wherein the second conductive region is

thicker than the first region.

35. The semiconductor device of claim 34, wherein the second region is at least

20  two times thicker than the first region.

36. The semiconductor device of claim 17, wherein the third conductive region is of

the third metal type.

25 37. The semiconductor device of claim 17, wherein the third conductive region is

doped polysilicon.
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