- METHOD OF MANUFACTURI NG A SEM CONDUCTOR STRUCTURE
BACKGROUND OF THE | NVENTI ON 51. Field of the
I nventi on The present invention relates to
sem conduct or devices. Mre particularly, the present
invention. relates to field effect transistors such as
- met al - oxi de-sem conductor field effect transistors.
10 2. Description of the Related Art Both fully
silicided (FUSI) gate structures and enbedded silicon

ger METHON OF PANUFACTURING ABEMCONDUSTOH STRECTURE
enhanci ng the 15 performance of field effect.

transi stors (FET), particularly MOSFET

( ‘F{éﬁ l ] o!r]%l i Ef fect Transistor).

I—b%’%_ e ﬁﬁinaaﬁes glﬁleﬁgﬁué}é‘gturl ng both FUSI and

eSi Ge structures involve processes that are highly
npl.ex when conpared to typical CMOS (Conpl enentary

5I\/|et1aF'E®(DEIBTGSJ@h‘BBB¢muctor) manuf act uri ng processes.

20 In addition to typical CMOS processes, fully
siliciding the gates of a FET requi res additional

et chi nghetmegentambrmw reemlés tesarfidohtiostal detieas c More
mechani cal Fol i shin steps as well. For

exﬁﬁﬁlcé' iy eoprese 0L vRRkn EeERitR Fekiuelfestqrasistors such as
 CAhsEoRbeRsilo Rl R RaRRaliaiion,  he

2500 uctive ga ayers priof 1o siTic¢idation.
10Li kewi se, enbedded silicon germani um (eSi Ge)
tures . re U|r addi t]onal manufacturing steps. In
E)?Eﬁ”ﬁti?n j%?é@ tedetfli red to formrecesses in
the FET source and drai n regions, and processes to

grow t he
Both fuily silicided (FUS!) gate structures and embedded silicon

germanium (eSiGe) structures have shown usefulness in enhéncing the
15 perfof;nanbe of field effect transistors (FET), particularly MOSFET (Metal-
Oxide-Semiconductor Field Effecf Transistor). However, technigues for
manufacturing both FUSI and eSiGe structures involve processes that are
highly complex when compared to typical CMOS (Complementary Metal
Oxide Semiconducior) manufacturing processes.
20 '
In addition to typical CMOS processes, fully siliciding the gates of a
FET requires additional etching steps, and may require additional
chemical mechanical polishing (CMP) steps as well. For example, current
FUSH manufacturing techniques require steps of etching and polishing the

25  conductive gate layers prior to silicidation.

Likewise, embedded silicon germanium (eSiGe) structures require
additional manufacturing steps. In addition to processes required to form
recesses in the FET source and drain regions, and processes to grow the

30 embedded SiGe regions in the recesses, the eSiGe process requires



30 enbedded Si Ge regions in the recesses, the eSi G
process requires additional steps in order to
protect the gates during gromh of the eSi Ge region.
SUMVARY OF THE | NVENTI ON Enbodi nents of the
present invention seek to provide an inproved nethod
of manufacturing field effect transistors (FET).
ad BRI f Slef i&eprefe%ﬁ#rétgat@yantmggrcahﬁ @f §REESIGR: region.
provide a method of manufacturing field effect
transistors (FET) that requires fewer steps than
?{VOFB]‘III‘EWVENTION Advant ages of the present
enti on nmay be achieved by a method of
nanufacturlng a field effect transistor (FET) that

i nc St of formn S :
sonrERaReSs o6 Bt raraSiaiplyh iats dEbHEE, & fhproved
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material in the recess. The gate structure includes a

gate dielectric |ayer, conductive |ayers and an
| nSthiddﬂﬁeh@ycﬁftheF&éﬁ@;mn@éht%ngags sekk Uetpiodde a method of
i nc es a st recessi ng the conductive |ayer i
martéadianireg Beld lﬁég’t sansigiars W&gféttbﬁfsregwr??eie&%ﬁ‘%ost than Current
nmgﬁ%%¥ctlve | ayer and formng the recess in the
rate are perfornmed in a single step. There is
also provided a FET devi ce. According to the
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pravhded aFEurddgesr field effect transistor (FET) device,
conprising the steps of: formng a gate structure on

a sem conductor substrate, wherein said gate

str H‘é&é‘rﬁsng' 12); {hdogst. Qs;@@ét f dhé&lp&deiit Gnvetish, tihéﬁb & provided a

conducti yer; and form Ng a recess in-said
meihﬂuisu‘mralmnafad:ttﬁmgea dieid) effectcirangistor AF £ bheawe® comprising the

s g P AR T SPLIARIELR S Bglerihren cai
gatéorsductulraanblaxdes angatel diefptiric dayarctaufiest aontuclive elager, an
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i ncl.udes” the fol l.owi ng stegb%¥depos
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rerpwng ghe S%quﬁi)@"déﬁt'%%ladeé RoseR t%ﬁ%@rq '%ﬁ@agng layer in a
sw@k{é&hﬁg t|ve | ayer on said gate dielectric |ayer;
epositing an insulating layer on said first
conductlve | ayer; depositing a second conductive
Rl BIRPpy ABLA 4o BY Bl pRSER AL AN BA & providea
| ayers, and said insulating |layer to forma gate
stack; and form ng one or ngre spacers around said
gate stack, wherein said stép of recessing said
conductive layer is acconplished by recessing said
second conductive | ayer.



According to the third aspect of the present
invention, there is provided a nethod for
manufacturing a fully silicided (FUSI) field effect
transi stor (FET) device having an enbedded

sem conduct or region, conprising the steps of:
depositing a first conductive |ayer and a gate

ig] ' er. on havi j
o o A S 18 B PETRBIEY £ e
stepai of: foming cogatecstrucucagee; sefojsostitétay substeienwherein said
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a first gate stack and a cond t t d . .
saflgeResy iB fOTRPS Séﬁlél,aég st .Sea%}:?c{egt%? fecessing said

con@Hne t%ﬁrf?n ShRCHste [BrubRIE) and Whefei8hil S186s af RRLRESIAg said
gate; renoving said second conductive |ayer from said
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s, By PSS e A0 Etin st
depbsitng angute diglectec sayer cpnshid substratet dep@aitimgwa_sfhistdr_:onductive
ayeh P s PG EleE ey pvPe | gpastio. AT VG, FEP g Sk fist
‘cofidictive It aepdifihgat sacoddicdndoctiveclayegbnrsaithithssikitidg layer;

drain region proximate to said first %te, n;[:ia '
etehing saidr @aje ghielarlicdayeraisdic it ANdp?eso dsgdndigtivgayers, and
saRlChR0AtiAgSyer B BERHB SALENartd idmkin RN BSore spacers

I [

_ a cross-secttonal view of a first step of .
araunel said lyade sfackhwhpreig said stepeaitrespssing said ganductive fyer is

oyt RISty ErBlisRond BRERAeGRE P C1E T N

cLoss-secti onal view of a third step of the nethod of

the present, i novepti on. FIG, .4 i . )

cr oA6caB 1B 101 FeBect.ofthe Argoelt djvenfiofipers. g piguided a

method Hér ﬁiﬁrﬁm@riﬂlgﬂ\éemlf?(oﬁlicided (FBBB fibld effact transistor (FET)
cross-sectional view of a fifth st egn of the et

devife fnemn PRREFHPErsemiopndcly fagi cPRBTSBG gnsigos of
eGP i ShEh P 0 Bophecelec e Sars i
havieg enNREStregionfancha Rt heavier; dapesiting seninsulatias{ayen on said
first conductive layer; depositing a secoﬁd conductive layer on said insulating
layer; etching said géte dielectric layer, said first and second conductive layers,
and said insulating layer to form a first gate stack and a second gate stack, and
forming one or more spacers around said first and second gate stacks to form a
first gate and a second gate; removing said second conductive layer from said
first gate and said second gate, and forming a“ recess in said subsfrate in a
source region and a drain region prokimate to said first gate, in a single step;
embedding a semiconducting material in said recess removing said insulating
layer from said first and second gates; and fully siliciding said first gate, said
second gate, said source region and said drain region proximate to said first
gate, and a source region and a drain region proximate to said second gate.
2a



15 FIG 8 is a cross-sectional view of an ei ghth
step of the nethod of the present invention.
FIG 9 is a cross-sectional view of a ninth step of
the nethod of the 20present invention. - FIG 10
is a cross-sectional view of a tenth step of the
nmet hod of thefl present invention. 25FIG 11 is a
: - [ venth step of the

BRI PR HEN oL JEE BRAELS = SRR 15 o
cross-sectional viewof a twelfth step of the nethod

o, 02, PR A P B2 g B rson

inveBiidpd of manufacturing a field effect transistor
(FET) that includes the steps of formng a gate
structure 5 on a sem conductor substrate, and form ng

a reRess i B LResSebfdhat W@ a second step of the method of the

present invention.
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enbeddi ng a second sem conductor material in the
recess. The gate structure includes a gate dielectric
| ayer and a conductive layer. In one enbodi nent, the
nmet hod al so includes formng a gate structure having
a sandw ched insulating | ayer between a first and a
second conductive layer, 10 and this insulating |ayer

~serves as an etching stopper. Forming the gate’

structure includes a step of recessing the conductive
layer FIGtHe Setdsssiddiohaintew bl talr€ RePbf theGReHioddhf the
the conductive layer and formng the recess in the
subseseat mvendoperforned in a single step. There is

al so provided a FET device. In one. enbodi nent, the
steps of recessing said 15 conductive | ayer and

form ngi@ 4 RCLEfodssddionslubsk cliagoartr skgy bDiheRtethod of the
substantial ly sinultaneously. I n anot her-

5 enprafiemtmventioie et hod further includes applying a

netal material to the conductive |ayer of the gate

and to a source region and a 20 drain region of the
substr Bi®. 5 & $ttdseiddetibsaltvien of arfiftcsiep of hiee grltisod bhihe
source region, and the drain region. The resultant
gaPeesest pVeption. silicideci gate. In another

enbodi nent, the present invention provides a field
effect 25 transistor (FET) device including a

10 sem coRMELad Bra stdsstgeationalvidéw s b dahestemdf thesmethud of the
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gate. The first gate is located on a first ,
seRfeseREINVEBHOBUbst rat e regi on having a first source
region and a first drain region proxinmate to the

first gate. The second gate is |located on a second

sem coRlfuct Bra suisstseatienaladpw of ksdvegtiastepad e swminog of
region and a 30.second drain region proximte to the
segﬁﬂeaa%qum@fpa devi ce al so includes a '
sem conductor region enbedded into the first

sem conduct or :
FIG. 8 is a cross-sectional view of an eighth step of the method of

the present invention.

FIG. 9 is a cross-sectional view of a ninth step of the method of the

present invention.

FIG. 10 is a cross-sectional view of a tenth step of the method of the.

present invention.

FIG. 11 is a cross-sectional view of an eleventh step of the method

of the present invention.

FIG.12is a cross-sectionél view of a twelfth step of the method of

the present invention.



substrate region or the second sem conduct or
substrate region. The first source and drain regions,
and the second source and drain regions, are
silicided. The first gate and the second gate are
fully silicided. 5Referring to the drawings and, in
particular, FIGS 1-12, there is provided a nethod of
manufacturing a Field Effect Transistor structure
(FET) of the present invention. The resultant FET

maDESERPTONQF NIEBMENTICN shown in FIG 12 and is
generally represented by reference nuneral 100. 10
FET 100 is preferably a Metal - Oxi de- Sem conduct or

F Ir Zlngl ?;1% ?}?ése-ﬁt mn?lbﬂrpFé\z{@]%%T%Fg{r??@:rﬂ{aﬁufazﬂﬁmﬁ%Tf ield

can be a n-t or
FEgfféctarsrisidtor (FETBRaAEINCIutigstihe BleEs. of]fefrﬁl,ngl angaieestructure
enbodi nent FET 100 is a I\{gF ET .100, and ]
5 reff RRAMHCandiFOR SURHEIR of i‘Uﬁ“"Q@ r§ﬁ%%€nm| theﬁUéSt@*e and

SuQﬁ]ﬁ)%@Bﬁ-ggéﬁ)m e é@%?ﬂoﬁﬁh?&t&%@zﬁeﬁ%ﬂmtﬁé 'ré@égé “ﬁ%}gate

al'so roma silicon substrate on
[ nslnhc&txrmlgiclmera g@]@b:ﬁeieatr'm Iﬁi@ér ang/ a a:loadubm/miagter f iname

oS EROSge s fieathsiiod AlsgincrBs Sing 3 Sedchg g 2
a %ﬁdﬁfﬁ%ﬁ rg%éértgﬂé t%g%ﬁt;@ﬁhééﬁd BestERE 4 QE(.%HG é&‘?dlﬂ:twe layer,

p-type strate 105 may incl ude n-doped

10 si &nd this freulatngslayecsemgs asFa?Eé‘l;chm@oHtopp@' dopeing the gate
siljcqn for constructin El. Subst 105 is

oo B GRS SHEP qf PaoSsing e T isHER g alfieospte

bysiglditifd. UTRS sfebd ofMBESSSihG %@E@ntﬁﬁﬁ@e ’f@_er'dhd forming the
substrate 25105. Structures 110 nay be nade_from

matesebalins treusiib sirate iaré perfonned iinie sorgle istems ohhergiigalso

Ref err ate diglectric 115 | o .

doouidedth B Totios oS sRuiietBRt the steb® digecesging said
15 di gdrafilctive 1P dr¥t erafRy @bédesiﬁﬁl@hé 6QB3{fate are performed

substantially simultaneously.

in another embodiment, the method further includes applying a metal
material to the conductive layer of the gate and_to a source region and a
20  drain region of the substrate. A silicide is then formed on the gate, the
source region, and the drain region. The resultant gate is a fully silicided

gate. -

In another embodiment, the present invention provides a field effect
25 fransistor (FET) device including a semiconductor substrate, a first gate
and a second gate. The first gate is located on a first semiconductor
substrate region' ha\'/ing a first s'ource region and a first drain reéion
proximate to the first gate. The second gate is located on a second
semiconductor subsirate region having a second source region and a
30 second drain region proximate fo the second gate. The FET device also

includes a semiconductor region embedded info the first semiconductor

4
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30suitable dielectric material including oxides such
as Si2, SiON, Si3M, H 02, ZrQ2, Al 203, Ti02, La203,
SrTi @3, LaAl03, or any conbinations thereof. A first
conductive layer 120 is deposited on gate dielectric
115. A thin insulating layer 125 is deposited on
first conductive layer 120, and a second conductive

| ayer 130 is deposited on insulating |ayer 125. Layer
125 is preferably made fromsilicon nitride, but may

al so. be made. fr . el | 4C ‘
o e BT B0 PR PP SUBBEAR Bl o
Al 288rcelditPdrdin 82diSns,Snt 168, seendd kadbeZnd it cddives, are
| ayers 120 and 130 are preferably nmade from a

suisiligisled. cldlirst Dele and dig secosddrtagrayfully silicided.

pol ycrystalline silicon (poly-Si) or netal. In

anot her preferred enbodi nent, the poly-Si material is
n- t ype ReaReifg o thd dedwingé bed! intpartiaiiat HIGS10-14, theraris

n-type channel (nEET) and p-type doped for field

ef PeRvided ametbodrd W@Waﬁt%mﬂﬁé*e@h%ﬁ?%lﬁ?ﬁﬁﬁ% structure
Ref ' : j ,
o APETLORERL e RredRIE The e BbereT H BB by e
sughethsd AsshdwmairdFEb. 12 antiEEgenagihorepredentad dyaeference
p-type dopant, such as Boron and BF2, for PFET

r equppgal -e dielectric 115 and layers 120, 125 and
130 are etched to formgate stacks 132. Referring to
FIG 3, first spacers 135 are forned on the sidewalls
of 20 F&iTeld maiefdrably #Meial-Gxidecesnitaaduaigr bield Effect

foryred by i.tabl d h as,deposition,
et ORIGET (IS e hoaBIGTRr | EECOHEr SRSID b PTG PRy &1
lusitﬁéas%tér'tﬁ@a-'tywFéqitké}{siﬁbﬁcESS or a

owtenperature oxide (LTO deposition and et chi ng
process. First spacers 135 are preferably nade froma

ST CoR XS 18'F18H. 19848 iRlonk! ipdbeht, et 208% aMO8FET
100, and is manufactured on a substrate 105, as shown in FIG. 1.
Substrate 105 is preferably made from silicon, but may also be ma'de from
a silicon substrate on an insulating layer. Substrate 105 may also be
made from a semiéondu’cting material or a semiconducting layer on an,
insulator. In one embodiment, MOSFET 100 is a structure having both an
n-type FET (NFET) and a p—type FET (PFET). Substrate 105 may include
n-doped silicon for constructing a PFET, and/or p-doped silicon for '
constructing a NFET. Substrate 105 is partitioned via STI, i.e., shallow
trench isolation, by structures 110, which isolate each FET in substrate
105. Structures 110 may be made from materials such as silicon nitride or

silicon oxide.

Referring to FIG. 1, a gate dielectric 115 is deposited on substrate .
105 and structures 110. Gate dielectric 115 is preferably made from a
suitable dielectric material including oxides such as SiO3, SiON, SisNy,

HfO,, ZrO2, Al203, TiOz, Lap0s, SrTiOs, LaAlOs, or any combinations

5



25 and/ or extension inplantation nmay be enployed to
formn and/or p regions 137 in substrate 105.
Referring to FIG 4, second spacers 145, along with

"buffer silicon " oxide layers 140, are fornmed on
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substrate 105 and surrounding first 30 spacers 135.
Second spacers 145 are preferably made froma silicon
nitride material. Spacers 145 and buffer silicon

oxi de layers 140 are preferably forned by deposition

f ghbwrd AbfirspBoRiGdivedaypsrot2sis. debiosited borgrtadideederd5. A
145, ion inplantation may al so he perforped to cat e
n thindheulaing dayearel 25ria degpastied egiTEricorgycye Eﬂé{s&? ?@t @d a

105 for, both NFET F ' ]
ackheen g gt B ol dapaice] O [fRdB R 175, Bier
?gngfiset;ﬁgféwbmatg@é ﬁoh}ﬂéilien_mg nﬁlﬂbs,t buttneayl 8550 tRefadeifran

, a portion ! i
e)@?eerrﬁ@bl 'ai@ggcbﬁs@?@ngml' egn@%er—%ﬁ?@é rég]rrgie %%lr? qgtsach
pref.er Cc lyi_sped j i hj
(e ol SREE LB S OR AT ERNGS. SondUe v 120

| Sar 930 dhes prsferatiip enddesforpaa siitable tomgctieonaterial such as
Referring to FIG 8, the PFETegértion f ayer

: S . oxide |
159 pplycnsialieaisiigpe (el obpelel 1R eBATSG Prelelrd: 155
! Ser%BSHirﬁe%ﬂ?%ﬁ%dpo[y-Si material is n-type doped for field effect transistors
with an n-type channel (nFET) and p-type doped for field effect transistors

with a p-type channel (pFET).

Referring to FIG. 2, conductive layers 120 and 130 are pre-doped, as
necessary, with an n-type dopant such as As, P and Sb for NFET regions,
and a p-type dopant, such as Boron and BF, for PFET regions. Gate
dielectric 115 and layers 120, 125 and 130 are etched to form gate stacks

132.

Referring fo FIG. 3, first spacers 135 are formed on the sideWaHs of
gate stacks 132. First spacers 135 may be formed by any suitable
method, such as deposition and etching. In one embodiment, spacers
135 are formed by using a thermal-oxidation process or a low-temperature
oxide (LTO) deposition and etching process. First spacers 135 are
preferably made from a silicon oxide or silicon nitride m‘atérial. Also, halo
and/or extension implantation may be employed to form n and/or p

regions 137 in substrate 105.

Referring to FIG. 4, second spacers 145, along with buffer silicon
oxide layers 140, are formed on substrate 105 and surrounding first
spacers 135. Second spacers 145 are preferably made from a silicon

nitride material. Spacers 145 and buffer silicon oxide layers 140 are

6



15 Referring to FIG 9, recesses 160 are forned
in the PFET portion of substrate 105. Second
conductive layer 130 is al so renoved, preferably by
dry etching, to expose the top of insulating |ayer
125. Preferably, both the renoval of the second
conductive |layer 130, and recesses 160 are 20 forned
in the sane etching step. Insul ating |ayer 125,
which is preferably a silicon nitride layer, in this

fu r '
" crelz! e RIS RoRr et o AR TLES. Afer
al fsrhind epaddre 19i5TIon iaTpentation madist detpafdmnedifo create n
si mul t aneous, removal of. second conduct i |¥ ﬁqg%.o %
ananfi/@rmqtme and dsaiageaions 669 In SLptraies 10y th BEsT and
Eﬁ-nl form hei ght of the portion of gate stack 132
i'ng after etching. Layer 125 also allows the

5recess dept h. of recess region 160 on substrate 105 to

be Iar er than the depth of -etching of gat
t hat rBelariRg {9 5Pt %@%?ﬂ%ﬂ%ﬂé@!&r AR OEP C}e 150 is

et { t
RSP SRS TRoRgE BD 0.
( S bbitmrbfgﬁtdmllawn’ﬂ 50 48 mmmred o expossdbs ta;moft gate stanks

ons 165, Refer Fl NFET
o0 82 0l N5 TESRARL 19 BigeeTapbAeomialisged &Y 3 FRARENe fafyetching
I a 0 renoved. Referring to FIG 12,
' 10 ZFQFEQJD%I%FS? ?é% silicidation process is shown,
resultl ng in a conpleted FET 100. In this process a

gg: ﬁl t a gé Y:!aé‘i 9,\tl\gée§ﬁt ‘{q%r g&gﬁzﬁﬁgg%&géﬁégﬁfgﬁo%on of
?ET e R f %‘?{% glné 8 rtﬁbtlﬂ%”ﬂ ipBKRIn dNbxide BQBANSO is

10 an he netal is then anneal ed at
an rezheved, meteeatdgrbartwteetcmzag Heaiyl ©ie thergrapvetan
300 C, so that the nmetal will react to the poly-Si of
conductive |ayers 120 in the gate, to the substrate,

and t oREhaTiHgRSEIS] b] eBsdk 1 6B afesiaal ia the PREMpartion of
silicide layer 170. By adjusting the thickness of the

f i ssbstoatﬁdl@@t |$%qut§1)@ndyg:¢jvgllﬁyqrﬁgotiﬁ alsoresoved, praferably
Meb9ard AN 1o Iegﬁa%egﬂﬁég@gg?faﬁ%ﬁiguﬁ@%y%? 124! Preferably, both

the removal of the second conductive layer 130, and recesses 160 are

15

20 formed in the same etching step.

Insulating layer 125, which is preferably a silicon nitride layer, in this
embodiment, prevents etching of first conductive layer 120. The presence
of insulating layer 125 aII_ows'for the simultaneous, or substantially

25 simultaneous, removal of second conductive layers 130 and formation of
_ recesses 160. Layer 125 also results in a uniform height of the portion of
gate stack 132 remaining after etching. "Layer 125 also allows the recess
depth of recess region 160 on substrate 105 to be larger than the depth of
etching of gate stack 132 that results from the simultaneous etching, or

30 etching in a singte step, of Qate stack 132 and recess 160.



is then renoved, preferably by a wet etch techni que.
FET 100 is thus-a fully silicided (FUSI) gate device.
.I'n an alternative enbodi nent, insulating |ayer 125 is
not renoved 20prior to siiicidation of the source and
drain regions. In this enbodinent, the source and
drain regions are silicided as described above. Then,
insulating |ayer 125 is renoved, followed by
silicidation of conductive |layers 120. This

embodi ek {oPRG did,fdupedtSitet €liceh getmahrimisiedréwn in
silicidation of gates 175 relative to the squrce a
dr micassasyi @htn fam SiGe regiens 46 RefyTipafoiFdGs Adwihei WFET

FIG .12: _FET. 100 i d : g :
BT e
| aphsve40 and spacers 135 and 145. CGates 175 al so

i nclude gate dielectric 115 and first conductive
S layer 120, which after silicidation, is now fully

siliciged 30 ] aye F '

Tos | ieraaaD 6 ERR 1thg RSl ARGt BloctiB T S,
S OpHsGiRink 80 Qb SR ted FE Tl 00. dipptaid moaess aegétahlayed (not
The PFET portion of substrate 105 incl udes a(gg%tral

n- shywe) is éymas eo@ates p/AspEPTsRRINARS sy AN e dain
AU TRrsfo 0, e R PERERARRTTRY gptomat Co)

10 Cagnd®Fupgsenp| Tiehetbtalrs tron anceaiedrabae elewteditapémture,
constructing sem conduct or, devi

, |
Zuqu%ﬁ@Péﬁé?}bﬁﬁﬁat%rnth@Q@rﬂq Goes® tﬁ%ﬁihﬁd%%ﬁéﬁﬁ E%Gt%% poly-
e i 1] ! | .
SoBRY gk By R A DRI e
degiticart incthe (sdbB}rate to foohi 4 sitinide 18yest 10101 NBy afljusting thes

S elBES oA RS ERBHICIS 1BHE" LHB0Y e IToiss, s etal
15 ?;‘é%%ﬁlthé hatlaiing gbfREhh B8 iR siBéiGdd NThECERIING metal layer
is then removed, preferably by a wet etch technique. FET 100 is thus a
fully silicided (FUSI) gate device.

‘In an alternative embodiment, insulating layer 125 is not removed
20 prior to silicidation of the source and drain regions. In this embodiment,
the source and drain regions are siiicided as described above. Then,
insufating layer 125 is removed, followed by sificidation of conductive
layers 120. This embodiment allows different materials to be used for
. silicidation of gates 175 relative to the source and drain regions.
25 |
_ The resulting FET is shown in FIG. 12. FET 100 includes gates 175
formed on substrate 105. Gates 175 inciudé buffer silicon oxide layers
140 and spacers 135 and 145. Gates 175 also include gate dielectric 115
and first conductive layer 120," which after silicidation, is now fully silicided
30 layer 170. The NFET portion of substrate 105 includes a central p-doped

region 180, a n-doped source region 182, and a n-doped drain region 184.
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I n anot her enbodi nent of the present invention, |ayer
125 is not 15included in the nethod. In this

enbodi ment, a single thick conductive layer is
deposited on dielectric layer 115, which is later
etched away during the step of form ng recesses 160.
In the enbodi nent shown in FIG 12, the enbedded

sem conductor 20 region of FET 100 is shown as Si Ge
regions 165 enbedded in the PFET region. In yet

%gFm@gb%@EHbélﬁﬁeWﬂ@ﬁﬂé %'Bé?ﬁl%‘ij Hfdd?ﬁed RGHE190,

ET region. In this enbodi nent,
Si dl bedupedegduircke rédBdiC)l 92 sa p-gopdddraiuragiorei B4l andembesded
enbedded sem anduct or region. The steps of the
produce a FET havi ng an enbedded
reglon 25 in the NFET region are simlar to the steps
descri bed above. However, in this enbodi ment, the
st ep dbepasiiomgf varvessageissigseribed abdve nam ke agemplished

AR AT P P e vt Soiendblr dvicss
NFéIa Qﬂ SUEQ% E%ég%%ﬁidn": t@ehﬁaTes hdutiesciesrhral vasdr

S SI . However, in this
emtﬂmbsﬁmﬂ (C\t D pMi%ETa-ﬁOhBheﬁd @rva (REGVIB31 atarmic layer

B

e ﬁ% dof%ﬁoﬁg giyens dEberiticEabors tarobe @Ec(bﬂn‘phshed by any

trate includés a central n-doped region

4 hmgngtmm enathed.oin ane embodiowsll edehing is @wplmd by
e ort t 5 h
erpedyesrcy B BRI ™ 1he et nod of 't he

present invention provides FET structures havi ng both

FUSI and enbedded sem conductor features, ?

requir dmgn@’@@éembodiment of the present invention, !ayer 25 is not
included in the method. In this embodiment, a single thick conductive
layer is deposited on dielectric layer 115, which is later etched away

during the step of forming recesses 160.

In the embodiment shown in FIG. 12, the embedded semiconductor
region of FET 100 |s shown as SiGe regions 165 embedded in the PFET
region. In yet another embodiment, the embedded semiconductor region
may be formed in the NFET region. In this embodiment, silicon carbide
(SiC) is a preferred material for the embedded semiconductor region. The
steps of the method used to produce a FET having an embedded region
in the NFET region are similar to the steps described above. However, in
this embodiment, the step of forming recesses is performed in the NFET
region instead of the PFET region, and silicon carbide is preferably

embedded in the recesses in the NFET region.

The resulting FET in this embodiment is similar to the FET of FIG. 12.

However, in this embodiment, the NFET portion of the substrate includes
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steps than typical processes for formng such
structures. For exanple, 10 the nethod provides that
the conductive layer in the gates can be recessed,

and the recesses for enbedding the Si Ge region can be
formed, during the sanme step. This feature reduces '
t he nunber of steps needed to construct an FET

device, particularly one that includes both FUSI

gates and eSi Ge. The use of one sinple recess step as

degeehtigich-abpue region 189, awsidsed beurdbsedivantd?yas-dbped
CWP and etch-back processes . -1n addjti this
medieiragionl B4t aad eRemrifadbSHr HaR- ﬂ\% P%%Teef,’ftm of the
pa e T. e an j .

oS R RS Bhp Ll SodEE T BRI o ogon an
sug b-ddpedsdmiiiciagien 1920 The PFET pontoremibi erehodimeent can

insulating |ayer is deposited bhetween a first and
seh@%a%@ﬁﬂl%%ieﬁeg‘%@g.'onrﬁ% “{ellﬁsul ating layer allows

the nethod to control the thickness of the final
conductive layer in the gates at an initial step. In
pri or Tied hadised af tunprestnyimveatien pmyidesoeE i spusiuresihaving

at a 25 thickness greater, th th hi ck f.th
c oIS EANhabesHes R IEAARIGIaT EatilRg Whis eaLirfifewer
an leqd ; [ £k f ﬁ%
ar%eﬁ%}@%;éﬁp@?epﬁééﬁfﬁnwg]t i on, nﬁt}ﬁe@fgi rﬁ;&){? Hafripe.
;:plﬁx@llmbfthﬁkmayﬁesrtﬁat the cmlsmxstiv'@ thyeoirt the ghdes can be

inal thickness. The insul atjing,.l tect h
f1 Fpeseah L Pecorasers Bt Tresaing i sBitimivd e Bydpmed.
i syet amgiar miksh
AT SUAY ol ATHISTBARIS PEddes theTitber etopd fiseded
| afpecorsimucben €18 Trilavitedpaniculagy pnedbat inclideabotnFUSI gates

and eSiGe. The use of one simple recess step as described above also

avoids the disadvantages of CMP and etch~back processes

In addition, this method eliminates the need to protect the gatés,
particularly the gate over the PFET region, which also greatly simplifies

the process of manufaciuring such FET structures.

in one embodiment, an insulating layer is deposited between a first
and second conductive layer. The insulating layer allows the method to
control the thickness of the final conductive layer in the gates at an initial
step. In prior methods, a conductive layer must be deposited at a
thickness greater than the thickness of the conductive layer of the final
gate, and then etched and polished to the desired thickness after the
gates are formed. In the present invention, the first conductive layer may
be deposited to the desired final thickness. The insulating layer protects
the first conductive layer as the second conductive layer is etched away
and recesses are formed. Thus, the steps of etching and polishing the

gates’ conductive layer can be efiminated in the present invention.
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The exenpl ary enbodi nents of the MOSFET device of the
present invention are provided to denonstrate the
aspects of the present invention. The present
invention is not limted to the MOSFET transistors
descri bed 5 above. Variations to the configuration,
such as the size and position of the gate, source and
drain, fall within the scope of the invention.
It should be understood that various alternatives,
conbi nations and nodi fications of the teachings
descri bed herein could be devised by those 10 skilled
i n t heThe exerhbiarp cegwdimeniseoftthe MOSFESt dendesl of ﬁne present

enbrace all such alternative nodi fi cati.ons an
valivaRtiery ai%%rPVldtﬁ‘J EmenStiats t éﬁ%e%tﬁ of fee 8{?&@% gyention.

c
iy Bresatiebipfir OS] to the MOSRET PRSI Rs iB5ibed
5 coam\resl Vigriatlomssibeps cohfiguration, stmhmm@\eaSIgataed position of

st re on a s condyct or, substrate, wherein said

ool date velies aPAciratie Slvii e stost F M Fugufor s

first conductive |ayer, an insulating |layer on said

first conductive |layer, and a second conductive | ayer
on sai it shonid et Mm@erswpeirtha‘amﬁous alterhalivesn gomh:rai@sxg and

e SO ek BB L RO S0 8 bea by rose

10 ] n%iié}t in"tﬂe'a%’ eThé Bredepi ﬁ%ﬁtt@rﬁ einfchfdl embrace alsuch
The method of claim1, further conprisin ding a

sealterdativas, owdiicationsanderaridnces th;%tufall mstahe Sﬂﬁ)@ﬁé}fﬁhe
said seco % seni conductor material is selected from
th%PQﬁ @Hgistlng of silicon germanium (Si Ge) and
silicon carbide (SiC). 3. The nethod of claim
1, wherein said FET is a Metal-Oxi de-Sem conduct or
Field Effect Transistor (MOSFET). . 4. The
met hod of claim 1, wherein said substrate is sel ected
. fromthe group consisting of a silicon substrate, a
silicon substrate on an insulating |ayer, a
sem conducting | ayer, and a sem conducting | ayer on
an insul at or. ' S

11



5. The method of claim1, wherein said FET includes a
NFET and a PFET region, and wherein said recess in
said substrate is forned in a region selected from
said NFET region and said PFET region. 6. The

WHKFFL@?EAI‘ME $l@i m 2, wherein said recess in said
su

rate is formed in said PFET region, and said
second conductor material is silicon germani um

( Sl1 Ge) . A method foz maﬂﬂx?ac%h’xgoadf#e% eﬂ"é 'tr%&sto?"{f‘%f_[%kﬁ@vié@}i _d

recess in said substrate orne I'n sard
compmgmg)tmesmrnscsﬁ.al d second conductor material is silicon

b| de ( [ a
oG S Srvane o g Perp el Gubdfa SAHI AT B
structtrerschafes a gate dicflawtnd Ingeraa fest eorstuctivt laye, amingulating layer on

geraa i

R ) i

ayer a.con
I aﬁoenmgaanﬂcess in sammnlmdacmeswgat%rwaemwmbmer gqcend

concﬁg@v gyer qg! eXShsd Vasq%g)oo?ga ?ﬁgﬁﬁlﬂglfé;}eprn @Eglé'eﬁl tr{grbtéﬁ" d

el n orn1 structuré€e
i ncludes a step of recessing sald conductlve | ayer in

t
5% SRS BAEHERM £ ARG oA R ot s of
semiconciital nsaéré! irasaid mcess,emﬁanelnesdld secend sergicendiicn material
. ' d.f
1S Se%fqrd?bar?@'laelsqrglfé‘)é §[n§l%tf glrl%«gcﬂ'ltagedﬁ{ahfﬂ@'f ﬁ g% t%}fdcéﬁfégﬁl ecgll't‘.)%e
(Sicpn said subsgr at e; geposn ting a first conductive
a,t I

o e B OB B e Lo PR o St

Field Effect Transistor (MOSFET).

4. The method of claim 1, wherein said substrate is seiectgd from the group
consisting of a silicon substrate, a silicon substrate on an insulating layer, a

semiconducting layer, and a semiconducting layer on an insulator.

5. The method of claim 1, wherein said FET includes a NFET and a PFET
region, and wherein said recess in said substrate is formed in a region selected from

said NFET region and said PFET region.

6. The method of claim 2, wherein said recess in said substrate is formed in

said PFET region, and said second conductor material is silicon germanium (SiGe).

7. The method of claim 2, wherein said recess in said substrate is formed in

said NFET region, and said second conductor material is silicon carbide (SiC}.

8. A method for manufacturing a field effect transistor (FET) device,

comprising the steps of:
forming a gate structure on a semiconductor substrate, wherein said gate

structure includes a gate dielectric layer and a conductive layer; and
forming a recess in said substrate and embedding a second semiconductor

material in said recess,

12



depositing a second conductive |ayer on said

i nsul ating | ayer; etching said gate dielectric
| ayer, said first and second conductive | ayers, and
said insulating layer to forma gate stack; and

F oL NG RRG: d]%rsaﬂiPéaﬁ?%F}éﬁﬁfesuné\[]&’é@éjgéebf’ de@aésﬁ vg;&frgyer

wher &1 i’ Sai recessin conducti
conmsctlaedaynpﬂnlsalmtby‘im@ut@ssnmg sai d second conductive

amerein sald sﬁagg of I&%S é bad chwddHt:@é %} S ar lﬁ%Frﬁlﬁg a recess in

conp enovi sai
saldea‘ube’trateac@s@i‘M@eslam d smtmﬂdp Umm%lnsaldéomwssald gate

StFU%ggeD@?ﬁgg%‘wQﬁlo%lgc&?w 1, further conprising:

1on | ayer; applying a
rretiabosiﬁrtge; gate dieteditd ldyér arssait sritotel ve | ayer of said

Epdiifhel LB SOULER 15 s%ragqa%e HRficligon of

sal i'Clde on said
gaﬁeposstmgchr’smsulaimgrlemrmm saadwﬁtrsttmndwdwaliaver egi on, so
' - iLiCl ; 1. The
o Breaing £RBnh Bohdlde BbLE £7 nsuptng layer .
pr etchingssaghgale tietestricdeyatusaid fiest hadsacond eandusitiveyiayers, and
. h dur i { of said second
sacGhHiRe R 1 Mo ESRRR 4G ©, T2 F o0 For
rmfmfm‘ngcmei argnaxe fsphégrs srduindisaedyaiesIael, fiel d ef f ect

t T Lee ' i
L Vs P LS8R S0, RV el o
recedequsaﬂlsegom:{ dandsittivedayhkict i ve | ayer and a gate

dielectric layer on a substrate having a NFET region

and a PFET region; 7
9. The method of claim 8, further comprising the step of removing said

insulating layer after recessing said second conductive layer.

10. The method of claim 1, further comprising:

removing said insulation layer,

applying a metal material to said first conductive layer of said gate and to a
source region and a drain region of said substrate; and

forming a silicide on said gate, said source region, and sald drain region, so

that said gate is fully silicided.

_ 11. The method of claim 8, wherein said insulating layer prevents said first
conductive layer from being etched away during recessing of said second conductive

. layer.

12. A method for manufacturing a fully silicided (FUS!) field effect transistor
(FET) de,vicé having an embedded semiconductor region, comprising the steps of:

depositing a first conductive layer and a gate dielectric layer on a substrate
having a NFET region and a PFET region;

depositing an insulating layer on said first conductive layer,

depositing a second conductive layer on said insulating layer;

etching said gate dielectric layer, said first and second conductive layers, and

said insulating layer to form a first gate stack and a second gate stack, and forming

13



depositing an insulating |ayer on said first

conductive | ayer; depositing a second conductive

| ayer on said insulating |ayer; etching said

gate dielectric Iayer said first and second

conductive | ayers, i.d. insul ati | ayer tq for

= fONE.SX M9ke BPAGERR RIOUA 5056 o Sgend Gha Secksfgdor a it
gatd @Rd™h B8cond gate; One or nore spacers around sald first

and second gate stacks to for

d
sed®mavigapad second Condéﬁtaw%er?é?r’w%%ﬁr&ha 3%@'?%\?80”51

gaté, 3% ri‘orf'rl'i@'fﬁa fetleds Il $8d s@BteARG Sakdt regn ﬁﬁad @edréin régieh
florm ng recess in said substrate in a source regl on

Pfo’&fiﬁ‘éteéoéﬁﬁ'lfﬁs’tlg@@? dhasiela Heke to said first gate, in a

Si RIS scANBSRiichey Ratpal F@a/Uetdsdg material in
said recess renoving said_insulati n I ayeﬁgqc{ rom said

rempwrlstsalanraﬁt%eé@sWE@HP&S@I@W&* and SeCOf‘ BA¥SSTY ci di ng
Sa'f@hyfénrcﬁﬁnggﬁ@frsﬁgét@ S56 9E6bnadats, sﬁﬂlgéuﬁjéUég?iSn BAgL40

and said drain region proximte to saldf%r ate,
draig figpien pEMintate Fagdl ﬁrsaaateaaf&# A SAUTCR HFUON ARDZ AFRIT B9toR
pm%bg t8 8RNI Sate. 13. The nethod of claim 12,
wherein said first gate is |ocated on a region
selected fromthe group consisting of: said
PFRY Tﬁ&h%od%féraﬂmzsah&eﬁmﬂedgé@m IBBAtEY 6h arggion
material is silicon germanium and said NFET

selecisgt o) tharsper AoRws@O&Rbedded seni conducting materi al
IS 3l PEON RN WiBrein said embedded semiconducting material is silicon

germanium; and
said NFET region, wherein said embedded semiconducting material is silicon

carbide.
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Met hod OF Manufacturing A Sem conductor Structure
Abstract There is provided a nethod of manufacturing
a field effect transistor (FET) (100) that includes
the steps of formng a gate structure (175) on a

sem congilat o of hfﬂ&.&%ﬁ%r%mﬁeqaa%wsmcm@ecess

(160) in the substrate a eddi ng a second
sem conduct or rraterl al packN the recess. The gate
structure includes a gate dielectric |ayer (115),

The %g%h%. ah?e’(f?&o%f&ﬂr%%faétﬁﬁ’% Q%Qld%‘ﬁﬁe&ﬂféHg%&erﬂEhZ%@b)fthat

ormng sald gate str cture inc es a st

includesetbs istepst ¢lefouning Lx ghigestrupee ({10 k rsemigdndugiar gubstrate

triigt apd SirPlnd i@ BN EmbRAGHS td \Rcond
(109 A Wifing R 1B HAGHE 6 Ind BERGIS arks EmBERTH 4 $8oon
serrmoeldp@mf orateschl l(ﬁﬁé) & the eecssep Thgtoate Strsctar%o'lcludes a gate
dlelggtl%/'laq&p (ﬁé:,E-crorqcﬁ)@ti&f [a)@r@ﬁ’jﬂg 130) and an insulating fayer (125).
Forming said gate structure includes a step of recessing the conductive layer (130) in
‘ the'gate structure, and the steps of recessing the conductive layer and forming the
recess (160) in the substrate are performed in a single step. There is also provided a

FET device.

Fig. 12
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