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TECHNICAL FIELD

[0003]  The present invention relates generally to semiconductor devices, and more
particularly, the preferred embodiment relates to strained channel complementary field-effect

transistors and methods of manufacture.

BACKGROUND

[0004] Size reduction of metal-oxide-semicondnctor field-effect transistors (MOSFET),
including reduction of the gate length and gate oxide thickness, has enabled the continned
improvemient in speed performance, density, and cost per unit function of integrated circuits over

the past few decades. To enhance transistor performance further, strain may be introduced in the



[0004j Si ze reduction of netal -oxi de-sem conduct or
field-effect transistors (MOSFET), including
reduction of the gate | ength and gate oxide thickness,
has enabl ed the continued inprovenent in speed
performance, density, and coSt per unit function of
- integrated circuits over the past few decades. To
angistoacieend] FRnshretAgL cREET RS e LSt R Al Ry, be
i ntroduced i nbt heég tran};!sﬂfcs![,&tg 'ogﬂ%%ﬁé%h{ﬁmf%?uﬁe%ﬂgg%fyng
enh&RERER s FBBE] &4 erefore trai n-i nduced nobilit)
enhancenent ﬂl@%ﬁ%%%?e{r 1S{OBP?FEPEPW8 1} Ja9Hion &9 drvice Scaﬁlgg-
TheREHRS e.in addition,to.device scaling. There are .
“Sev er&%ﬁeg)%%%l?% ?'Pé’f%ﬁ’tbfis ag%ﬁ?@%ﬂ%?g SR A Hhg ST tertcharingl TRgion.
the transi stor channel region. . [0005] In one E

[0005pnv eht dneBalvean: ibed | ' T
Vel ser élt alv.c, p%?fsbﬁgggs %&%g%ﬂdgﬁbﬁp?&é@%r le"Pu_thhEd'

at the Me@dmRt | @A ekl i ces ting held in San :
Franci sco, CA, p%m%gﬁt@%% e%ll&%&%j]g%'g%q TSP PP-
100(RYp rel axed.silicon germanium (Si Ge). o
. buft?g’%ﬂ‘ﬁ%%gfrm?éﬂﬁ% THEEr A SIPRT FW@ODCWMK%‘EPWGI
1n _such.a deyvice, a seniconductor device includes a
layeljslp PRHEY g%’ﬁef‘tf\{ drhpnppbiestoar Fescloy éevicsnalseatiermtliater davice includes
- relaxed Si Ge layer, which is fornmed over and abutting .
4 st SHitar lagprdamisdfoner and abesting § ROAE) Sikdayes whxdds HiGel over and
| ayer has a larger lattice constant conpared to -
abuttingjapredsd §iGe tafiftr iper. thin | ayer of epitaxial Si grown

on the relaxed SiGe will have its lattice stretched in
' ' it will be under_biaxial

- he I- | ' t oy . ‘ '
10004302 L e 510 5 s Tt gmiost comoese marapye §hesd e .

tensiTé st
xi.al, strained silicon |layer will have a channel

tin 1504 B, L i con |ayer will have nnel
PEGP o EHal S v e Tslaad SiCetvel ditedtsdeition atretche in tiw Iateral
. _approach, the relaxed Si Ge buffer |layer can be thought
directin, s, igwit heamdenrbiatia terisit st CRsresdre, aitfnsistor fohged on the
channel region. The stressor, in this case, is placed

ePiTRX@ stoainddredlicon ysi $iifave hanned] et @R-is ndddPS4¥ial tensile strain. In .
Significant nobility enhancenent has been reported I:¥or

this agpoddoh eheRlAONSiIR ' ' istors using a_. .
silicon channel l?%gglghg%g% ﬂ&%&%%%t@%?rnﬁatluﬁqﬁ & strain
in the BRAYETEREY | 'ﬁ{t]:‘,%gl'ESSDr, in this case, is placed below the transistor channel region.

£0007] Significant mobility enhancement h@s been rcpoftéd for both electrons and holes in
bulk transistors using a silicon channe] under biaxial tensile strain. In the above-mentioned -
approach, the epitaxial silicon layer is strained before the formation of the transistor. But there
are concerns about the strain relaxation upoﬁ subsequent CMOS procéssing where highl
temperatures are used. In addition, this approach ié Very expensive .si'nce a SiGe buffer layer
with thickness in the order of micrometers has to be grown. Numerous dislocations in the

- Telaxed SiGe buffer layer exist and some. of these dislocations propagate to the strained silicon



approach, the epitaxial silicon layer is strained
before the formation of the transistor. But there are
concerns about the strain relaxation upon subsequent
CMCS processi ng where high enperatures are used. In
addition, this approach is vEry expensive since a SiGe
buffer layer wth thickness in the order of

layer) mﬁﬁﬂltﬁfﬁﬁ & %I?Us!?ﬂé w§t9 g%ﬁ F%&‘H@nsﬂ?u THEO #ﬁ %Jgtsoagk? Al OIJ?IH{?B.H.J)H@ that

rel axed exl s
gli:sd 19 ro at e. strained silicon 3
arém ayer%&?élg%?ar%eggpmge %BEOPF % with high defect

density.. Thus, this approach has Iimtations that are
[0008] el alreghotier gpsiacia il WHAER AR ks IRBO®ICEAATteR HRAARL{tESSs formed.
[0008] In another approach, strain in the channel is

Tn thig ipkcadhl Ch&ﬂghaéct&ﬁrﬁlﬁﬁﬁohﬁ&ﬂﬁhs& &fmﬁfléte:f[ Q%ﬂgﬁf& strhdfurt Riefied in a
or ne

approach, a high stress fitmis over a
t f d '
o B e AP e Bl BT Ul Bpo Sl home
o S ST e PR B

ok ﬂ%s |n§!et du0|n strain in the channel region. In
Al Pgon. S £ ¢ t ? {59l Plasedibsre theapmpletediimnggppitaetsng- This
transi stor structure. This schenme is described in
Scheﬂt?é% despritied imdesiliar peyer by ASHlimizactet., eatified ‘Gnciltthetianical stress
' "Local mechanical stress - control (LMC): a new
controd deif): quewitenhnigMCBr GG Dpenfarasnce ehincensnt pliblabdd ih phetd3-
in pp. 433- 436 of the Digest of Technical Papers of
436 oft the DRR& I MadtarcarRaperd af thELETI! Ih P BBNA] EeclYBS Diefige Mablirghwhich
is incorporated herein by reference. . [0009] The '
is incoppdrabDh&OR LY kdsERd, by the high stress filmis believed
to be uniaxial. in nature with a direction parallel to
t he. source to-drain direction. However, uniaxia
[0009} e sthestrain cantributedpyatiebigh budse filmlbx elibyedh bt enimdildnhstbre with
conpressive strain degrades the electron nobility. lon
a directioppamlic td the soudde-tgQlEmdirattbn. CHEwORT, tneeial @nsikl seaihidéghdes
relax the strain so that thé hole or electron nmobility

‘hole moBilityOhildAQ AR 86knpBidlve kS dégf'iacféh ftﬂénéff%agr[]rbn bRolP! SRR lantation

due to the cl ose prOX|n1ty 0
of gerfnanium can be used to selectively relaz the strain so that the hole or electron mobility is

. not degraded, but this is difficult to implement due to the close proximity of the n and p-channel =

transistors.

[0010]  Accordingly, what is needed in the art is an improved transistor and method thereof. : ..

that addresses the above-discussed issues.



transi stors. [0010] Accordingly,.what is

d p-channel
needed in the art is an inproved transistor and nethod
t her eof . t hat addresses the above-di scussed

i ssues. 4 SUI\/I\/ARY OF THE | NYENTI ON [0011] Preferred

enbodi nents of the present .invention teach a strained
-and anot her conponent fornmed on

Swﬁgﬂgel ‘transi stor
SHeTHBMTYBNAU Y or substrate. In a first
In

embodi nent, the other conponent is a resistor.
[001@not ket ephodi pent he ot her conponent is a _
:?ransis%or.%ﬁﬁéﬂgpﬁgﬁ&ﬁﬁﬁﬁﬁﬁHﬁﬁﬁ%?”?%@aéﬁﬁéWi@@wnbﬁ@mmmr
-he ot her devices. [0012] In one aspect, the °
- nd afictllr CPEHBPF%{R%%’SOWW@Wndmwmwe@ Bt éntodiment, the

I nven
resistor., and a strai ned channel transistor on the

Other SIRRONERS f Fegister. uksi angthertrautodimeny HOCRES chipiends § LHBEE T
can _be defined as that which introduces strain in the
other ¢ hpfiments thacdiben nethparegt @A be bifeddvks.ar t, schenes  of
. inducing strain in transistors introduce the strain
roor2iM thpa stressor, benefiting transistors of the first
conductt & PE’/@% RiRRYE techesadneibod eifasiisg acenvefitidnhlgresistor and -
onduction -type. [0013] In accordance with a

.second
2 Sﬁa%?%gﬁlwgga’@% 8P HEntmesubsinge pyies i tameyrendsi 06w, A stressor can
be d sem conduct or chip conprises a sem conductor substrate
e defingd gihfhatwiicl iptrodines seindn heanhiivmer HREHED REior@Tf prior art, schemes
. ,disposed. Aresistor is formed in the first active
ot indicengisonin it rendersi Stroduce Bl ity GARCA VeBHHAR twahSstors of the
formed between two termnals. A stral n.egr chafine
fst conanioh S{pRIwHS aé iR rrlisloRo E QRO AGhINFon LROI ON- The
a st? &@&or 7 -

- .- .transistor conprises a first and sSecon

forged in the substrate oppositely adjacent a

st r af MEATdaRRETE! a prefgirohemfdifhet of theaeqotdapragoh t h
._another preferred enbodi ment of the present invention,
semticogductor chip comprises a semiconductor substrate in which first and second active regions

[0013]

are disposed. " A resistor is formed m the first active region; the resistor including a dopéd Tegion
is formed between two terminals. A strained channef transistor is formed in the second éctive |
region. The transistor comprises a first and second stressor formed in the substrate Dpﬁositely

adjacent a strained channel Tegion.

[0014] In accordance with another preferred embodiment of tﬁe present invention, a
semiconductor chip is formed in a semiconductor region with a first semiconductor material with
a natural latticé constant forming a first and second active regions in the ser_nicon&uctor ;egion.
A gate stack is formed over the second active region and a masking layer is formed over the first
active region. After forming the masking layer, at least one recess is formed in a pofﬁon of the
second active region not covered by tjhc gate stack. A second semiconductor material is gfown

in the 1ecesses, the second semiconductor material having a second natural lattice constant that is



sem conductor chip is fornmed in a sem conductor region
with a first sem conductor material wth a natural
|attice constant formng a first and second active
regions in the sem conductor.region. A gate stack is
formed over the second activ® regi on and a maski ng

| ayer is fornmed over the first active region. After

différext i e , one.re . o
o e She 19 AREK Ll Lk, Blol SRS R R R Sted e seoona -
m conduct or

actv&%ﬁ&?g) O & Q&n@c%ham}é ?%isisltog C igegxggs?dqgﬁ@{eglé Egpeyed and a

material s -grown
teri al havi a second natural lattice

3 t
 semB&HEAR n?qgg%nt isdorgied g the @fsé@r}%v% K&t he first natural

const ani
| attice constant. Source and drain regions are forned

[0018h t he aseeqne: wﬁﬁubt‘lﬂ@rﬁ‘i &%ﬁ&b%d!ruge;l Strés%{ltnlsg &ngﬁ & a

channel transi stor I ng Fenov
ive

emiS@Ale ' 0 first agt o
Slmur egi ogﬂmfg%%g ﬁ%ﬁ&aagsgrgéc gﬁ%céor\ﬂlntfﬁatgﬁ”d@ﬁg"lmﬁ?ré’f:%‘} (g material.
resent jnvention, seni conduct or

® Jevi géeﬂlag or ]ﬁ%ag Ereﬁlc’gé’f’ﬁ”&@ﬁ C gF S%ﬂ‘kﬁ@tilaé?c@n@\mtﬁ’eéegmﬂ

hawf Se% §]?eg,m co duc or -material. The substrate includes

: & aedt isforpsd oy the firptrasd sgrandeactitvasigioan dndispacers

Sec nd act ive regl on having a second gate stack. A

are 1qemeehpr gdgvipligabitheseeondighie stack gt thamdosbatndregiohi $6urce and drain
regi ons and spacers are forned on sidewalls of the

TeCesys arrérhgdoreoprbsingsiden of the s&ead Bale @6dK A€ afe@PAcRN froROHEHaBnel
and drain recesses are etched on opposing sides of

Tegion bieths epoer. gﬂa.teeonﬁts@ﬁﬁozmﬁdtoaﬁﬁteﬁﬂ%gx% wh iRk SRR in
region by the spacers. A second sem conductor nateri al

" recesies grown in the source and drain recesses. [0016] In
accordance wi th another preferred enmbodi nent of the

00 resent invention, a sem conductor device is forned

[ 16 Reiceradanse with plodm piefegred embaodimentay dic@fesbrﬁﬁﬁfenﬁél@h
|ncludes a first active region and a second active-

Semlcﬂf@gptondevkcﬁs foshed®atiie: 1Bdan6 kf dp@wﬁiﬂ@ REmRYRIucloP Byl ¢ Lﬁ§t includes a
' active region and a second gate stack Is: for over

first adtive r@smond a%@dohd/ &tl'ﬁf@ﬁk{%ﬁ Aadlh gLe St L sdrhb i v ‘the first active

region and a second gate stack is formed over the second active region, A. dielectric film i is

formed over the first and second active regions and a masking layer is formed over a portion of

the dielectric film overlying the second active region. Disposable spacers are formed on
sidewalls of the first gate stack by amsotroplcally ctchmg the dielectric film, First and second

recesses are formed in the first active region, and are substantially aligned with the dlsposable

spacer. The first and second recesses are filled with a semiconductor material and the source and

drain regions in the second active region adjacent the second gate stack are implanted.



formed over the first and second active regions and a
masking |layer is formed over a portion of the
dielectric filmoverlying the second active region.
Di sposabl e spacers are forned on sidewalls of the
first gate stack by anisotropically etching the
dielectric film First and second recesses are forned
in the first active region, and are substantially
BFJBFF@ﬁéﬂﬂﬁﬂﬁﬁfﬁﬁﬁﬁﬂ[EUG%EHEE spacer. The first and

second recesses are filled with a sem conduct or

[Ooﬁgterlb ! and thge source and ,drain regions in the
cond” AGTVETPES BHUEEPARe At int Fescssiptioyane therdymiages
s gif Ianted 6 BRI EF DESCRI PTI ON OF THE DRAW NGS

. Brelo GEYENGEds noy Rasiedo Ssripllestiag daserartionataidindy cmﬁurtchen with the
_ present invention, and the advantages

acCoOmpEyERsfdraviag, érehice i s now made to the fol | ow ng
descriptions taken in conjunction with the

cco draw n 0018] Figure 1 shows
(0018 SOTRANYY Bl D e S iy %aﬁ%@ﬂl Bhsugptrae;
substrate; [0019] Figure 2 shows a strained channel

[0019]r anﬁ@ﬁmshobv@%@dméﬁlcﬂh&hﬁlt@a@%y\s the integration of a
strai ned channel transistor and a conventi onal

. esi stor; [0021] Figures 4a-41 show a first enbodi nent

_[00‘% 0 E4RIE BRIV {hg oRtegraiinni r et Snesiorhprnckganaisto avkntdnyersional
PMOS and a conpressive stressed PMIS; [0023] Fi gure. 6

resistelynpar es a conventional NMOS and a conpressive
stressed NMOS; [0024] Figures 7-12 show conbi ned

2 tep eco ird enbodi ment; [0025]
(00 1lﬁ—'i %wgiei% %45 éﬁg %9?5181‘?8‘1 Prage "bf the second
enbodl_rrent ; and [ 0026] Figures 15-19 show additional
[00223t epBigafe Sdagiphrds £ CorRERRALITIDS add a compressive stressed PMOS;
'[OQZS] Figure 6 compares a conventional NMOS and a compréssive stressed NMOS; ;
[0024] Figures 7-12 show combined steps of the second and third emﬁodhne_nt;

[6025] Figures 13-14 show additional steps of the second embodiment; and

[0026] Figures 15-19 show additional steps of the third embodiment.



DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS
[0027] The maki ng and using of the presently preferred
enbodi ments are discussed in detail below It should

be appreci ated, however, that the present invention
provi des nmany applicable in{entive concepts that can

be enbodied in a wde variety of specific contexts.
The specific enbodi nents discussed are nerely

ot an e S eI ARE LSRRG (e 1

i nvention, and do not
[ 0028] Resistors are commonly used in

[UOZZEYn-e 2@‘?33%@%@11 ARy diceutenti Cpit fefred RRBddRh&HiSar@icussed in detail
Ao rabos e o T b
. input and output circuits -ta.s@k:irﬁsgg{ﬁ‘é%g&g%rtogiﬁ%dmgny'aP plicable
e par ot i han £ SUSBLS o b SRR T oS
embm%?’? %?);dége\l)g%%hf’% t ai”@ﬁ‘g%e{tgm ogfltégats[%&@rimregﬂon, :
T ee o R KR T %o o Vol tages i n the order of
008 o i i ommotinsr s SR ARBLE 905
 used, 0229]m5§;L§a§ ogs L}gﬁiknt egrated circui rS. rr?gr ganFl ef]‘m
_Rgs]!wgrtl or,g in Ofgr?? (z_gr at g%&lg%%:d&fa %gm !rjr?)gtgl’c%mﬁe RFSFF‘P”%CPI%HSO
ey e T of el L LA R o el b e
ey et B AR Bl o et rohicommton ol ciro agins
St e (Sufigte iy pe, 54 resonisantbnaneALae ESD
VOH&SCZA}J[%%@SQBJS%% ,lfli{rsglp%‘,h ng Enéggfagé @gtoazgﬁé (glidresc!rz@%; g;gsé\gl)ﬂ; : :f
volts ngwﬁoﬁsggﬁn;é%;;ifég&;&f r:ﬁkggf ;Eal'l iy t : enﬁh t he
resi stor body 104 between two trer m r?al %ﬁ%@%he
L0020 o R 1 Riee i A oty hexparenives pelyhyretiiing siioos lager

rrent.-vol.tage rel ationship
for exmﬁ]ljlle. %emstors 1n integrated circnits may also be formed on a single-crystalline silicon

layer, e.g., resistors may be formed in 2 portion éf the single crystal silicon bulk substrate, or in &
portion of a single crystal silicon layer in a silicon-on-insulator substrate. As an example, a
-lj'esis‘,tor 100 formed in a portion of a single crystal silicon substrate 102 is shown in Figure 1.

The resistor body 104 is doped with a type opiaosite the substrate 102, and is defined by an
i:solation structure 106 such as shallow trench isolation, for example. Current 108 flows through
the resistor body 104 between two terminals 110 of the resistor 100, as shown in Figure 1. In the |
resistor body 104, the current 108 experiences 2 linear current-voltage relationship

characteristically defined as resistance. It i known to one skilled in the art that resistors with a




characteristically defined as resistance. It is known
to one skilled in the art that resistors with a 8
resi stor body conprising a single-crystalline

sem conduct or have the chara%teristics of high
stability and | ow noise in conparison wth.
conventional poly-crystalline resistor structures.

30] t.he ferred enbodi ment, a structure and
mSlS{Op?%d%a“’B]Pﬂ S ?fge -§ryHtalpeteBrcoRACtar hass tha Fleastesintoned hich
Stabl1|txran j stor is provided. Methods of form ng such

%Oé‘f ROISFiIR pRreperisanvath coheantienal polyanmsiadiine resisaur structures.

provi ded. .[0031] Figure 2. shows a strained channel
materi al

(jgggran%% .e a first _sem conductor
[‘ |]n t he c&)g neﬁ e}ﬁ{ggﬁﬁﬁﬁﬁm @Qé@%ﬂtﬁl C%)‘;O% HegEemsda
ond sem co material 118 in a part of
S.tra”igi‘é]%%h‘gl&f B B‘P‘&H?ﬁy Cfé@tﬁ?ﬂw ! formingryyeh waiglorgvith strained channel
" sem conductor material may also formpart of the :
anmétﬁ%r?ﬁ%]Pm?”é@q on 116. The lattice constant of the second
sem conductor material varies in relation to the
o031 at t FERLOBS e conduc I
SRS a_"“é‘?%%a?%d?éa%ﬂ%%%%stﬁr TR seRlcRltc
t he channel region. The
mater O Rl B et ol P PP it by driciesg
mate stressor. The transjistor 114 conprising a
mﬁ]ggslﬁé‘dméﬁg EPuriecgfl GFinIegions 13 khs neapn Bmwnégct@r material
trai ned. channel transistor. \Wien the lattice
may aisg fQapart @fithe qhannst egion 016. (BredatticSednstatdent Jheisscnd Bcg:emonductor
than that of the first sem conductor material (e.g.,

., materig varies irgrektiorels siprlattiesushibtantio the FCaNPMRSAdMST Slafefibltubithat 2

the source-to-drain direction of the transistor. Wen

strain Isipéackdibi ihe €ire @St udbictef mit&‘?al $£4LRErS T SO0 G REond
material (e.g., Sir_yQy). smal l er than that of the

SBmlC(fﬂﬂﬁ@:bI‘ S84 REYCHL on'}@feﬁéd f%l as g%tr?ﬁor Sk ’traﬂ?s?orsl &4 %SI%SI'ISIIIU a

results in a tensi stral

| t t t of St
i 0 T, PPl o LD
latfice OPHD thh Y.-C. Yeq et al "Strai ned channel

PP ARET ¥ BF SUPTR (a8 Sumbes) delavars thar Snbef hofiet semiecnguctor

zg&yr ce/ dr ain regions,"” U S Patent Application No. ,
materi 37§1 gst:ussor results in a compressive strain in the source-to-drain direction of

the transistor. When the lattice constant of the second semiconductor material (e.g., Si1,C,) is
smaﬂer than that of the first semiconductor material (e.g., Si), the stressor results in a tensile

. strain.in the source-to-drain direction of the transistor. Details of this strained channel transistor
are given in co-pending patent application, Y.-C. Yeo ef al., “Strained-channel transistor with a
- lattice-mismatched zone in the source/drain regions,” U.S. Patent Application No. 10/379,033,
filed March 4, 2003. (TSMC Disclosure Number TSMC2003-0050), and is incorporated herein

by reference.




filed March 4, 2003. (TSMC Di scl osure Nunber

TSMC2003- 0050), and is incorporated herein by ,
reference. 9 [0032] In the preferred enbodi nent, the

first sem conductor material is silicon (Si) and the
second seni conductor materia? is silicon-ger mani um
(SiGe or Sii_;1Gex), and the strained channel

[003?1 ans#'nsf]]or is a p-channel transistor. The nole ,
act TOf° RelgredmintiogingnGtherfinyt shreichnductve mharges @ficondlDhd the

' SBCO0 1 to about O. 9. I'ry anot her_ enmbodi nent, where the
84 ¥ sroducarapanelal b rilinsi- stmenios (BIGeftr SGHOBNGA the strained chanmel
o transistor, the first sem conductor material Is
NS iscoprehanhe tseiwid TEERLEGRANGE O5F BB, 85 | S -
silicon-carbon (SiCor Sil_iCy), a(ﬁ%tnﬁ(g%n%)f Ecgac 1Prt%ecliafl%en°f
abouly/0.vto Bolt0. Bl & ai@YNerREPLA fnefhout, 0,01 to
 about 0.04. Wil eerSi%j . 1‘&?5”{&‘%9%‘%5%%93%&9“%5%%% i3 n-
chaniidh @586 NHe RN or__.layer,. other seni conductor ]

; material & may egﬁdl}ggﬁé?or%alpen@igﬁ&c% e seenp sypgeRdsior material
is siliddd-O¥ . QlzZ- GeXCY may be used as the second ‘
'Sem 0%03‘3515 %rsshryﬁg)ear“ﬁ edgég]ﬁja% *efsin Séqiwn berirthe o ge of
t resent. inyention wll be described with respect
abo“ttdgﬁa{'g aﬁ%‘i@ioﬁi s b s eny ShreCymay bratshbas thé scbomtdegmidontgitor

conventional resistor such as the resistor with -a :

a
laycr,é) f@ﬁf%ﬂo@ﬁgmﬂﬂﬂm wtwped. Fon efirgple.e sdmicnductor alloy such as
conventional resistor 124 is forned in a portion of .

Sitxytitrey Bighbe Haetles the Gecom! @nfitdngtciadhjeye regi on 138 defi ned
by isolation regions 130, and a strained channel :

. 70033t r ang 32. is fornmed in another portion of the '
[ }subgﬁe;@rg{cf%@&mte@rdﬁf’ © PRRiSI 1B GE PR il Dedesesibpd Watb sespect to a
: d resistor body 128 through which current 134

_Spmf? POt e ey $lapeeng ¢ emverizial 86or sitieasalu fesivtor with
a st .136 flowng in the resistor body 128 experiences a

straued Shainghigamsiston elnEiguere3, afcomkintibnal sestdk UBEIsif@hefin BBBiYion of
"th bgg%aggéers, e.g., the doping type, doping '

© subgisste dRG et firstractiveaygor 1390insd BRisOhtdNR ST Bt Qe
The dopi ng type of -the doped ﬁlrsesi;st ogmgoidgy?.’ %%QI S ed

channeb fitdre 3¢ hern i ] ctor region
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[0034] ©  The resistor 124 comprises a doped resistor body 128 thiough which current 134
flows between two resistor terminals 136. The current 136 flowing in the resistor body 128
experiences a resistance, the value of which is a function of many parameters, e. g., the doping
type, doping concentration, layout, and size of the resistor body. The doping fype of the doped
tesistor body 1 28 is opposite the doping type of the semiconductor region 126 immediately
underlying the body 128, For exgmple, the resistor 124 may comprise a p+ doped resistor body
128 formed over an n-type doped‘region 138. The n-type doped region 138 may be an n-type
doped well region or an n-type doped substrate 126. It is understood that the doping types may

be reversed, e.g., n+ doped resistor body 128 formed on a p-type doped region 138, The doping



underlying the body 128. For exanple, the resistor 124
may conprise a p+ doped resistor body 128 forned over
an n-type doped region 138. The n-type doped region
138 may be an n-type doped ﬁell region or an n-type
doped substrate 126. It is dNder st ood that the dopi ng
types may be reversed, e.g., n+ doped resistor body .
.. 128 for on a p-type doped region.138.. The doping 10
dls“é%“ﬁ?”r ‘?%’ﬁ%ﬁ%ﬁ‘rfeﬁﬂ%ffhorl.‘éwigﬁneﬁfﬁbf noasnyedy, apsbelgy haye an average
.general |y non-unifornhéand may have an average doping
dopiggFiEesTrEen i mcirtnee RB1Y S0g6” 021016 to 1019 cm 3.
[ 0035] . The resistor body 128 shown in Figure 3 can be .
fi ' Lon structures 130, ch as shal | ow
(0035 o B0 E L et Emd? Bt B it Hae 10,
wresistor 124 of the present invention may have a -
such ra%%ag%% HF%ﬁ% 1?%% £ SHctiestor oAzaRlg. ARt BAgion 134 of fiypepresent
. width Wmay have a dinension of |arger than about 0.1
InVER{og i davesigctineairriennt with svdfe W andaremiolt The widdr Hmayhave a
. the preferred enbodinment, the length L may have a
dimegsigreqidirger tivin sbeut §érmitivas) aadmetferalyllarg:Ch@Naboanmicron. In the
. preferably | arger than about 1 mcron. The resistor

prefemey/erhiodenant | tRylonfith D2 heSERRERIdME 1582 BRn aB6ut 03Wicron, and
ot her shape commonly used in the art for diffusion
prefefa85i1st@tBan AH8Q3GhicHReTRXR L i &
a %ﬁlﬁ seniconducf%r subsgggf% ﬁ %&9;&@P§?§£+§§%£ﬂ%ﬁﬁﬁg;or
any ofe} dHGHN ; Loee Lt 1 S. Understood that
.y.Ooteher?s%o%g?%&a{%%&?Jgggg%sé?g%fr%mg%ﬁe&ﬁgof r-on- insulator
SO ) substrates nay al so be used. For exanple, the . -
100363 eni- Tonehactpierin BipuiersSllisnaRE a belkbahicaiRcBARDIRA126, preferably a
silicon-on-insu!ator sybstrate havihg“a“ST!icoﬁ"rayer“"
bulk siiicer kybisigle aHEWivet @Ns PideRBod 11BY Sther 2B tthtes ishdhCGQ RerRbifiBetor-on-
) | ayer overlying a substrate. The silicon layer in the
insulafdr (S GO 8RRtk Hﬁ"g}l' dT% s A% Snsulator
Si I(i(glgn | ayer rﬂgge%tuﬁg#ﬁéggﬁ%l Con,sfb’afglrl@% Ogég S’."J,&tor
-section-of the resistor. 124 .in Figure 3 shows a .
substegy 833“3"%30%%}“%057%?#&102él}b%?t% bVingrtaiiccidant PEdlviies SioRgride
fo d on.a portion of the substrate 126. The resistor
layer, 536% %ﬁ@g}%a}@gowﬂymg a substrate. The silicon layer in the silicon-on-insulator

substrate may be 4 relaxed silicon layer or a strained silicon la'j?er.

[0O37] A cross-section of the resistor 124 in Figure 3 shows édoPed'body fegion 128, aJ;so
known as a resistor body, formed on a portion of the substrate 126. Tﬁe resistor body 128 can be
defined by isc')lation structures, such as the shallow trench isclation structres 130 shown in
Figure 3. The doping ty'pe of the doped body region 128 is opposite to the doping type 'o.f the
semicondﬁctor region 138 immediately underlying the body region 128. For example, if the
resistor body 128 is doped p-type, it may be formed on an n-type well region or on an n-type

substrate. The average doping concentration of the resistor body 128 may be in the range of 10




defined by isolation structures, such as the shall ow
trench isolation structures 130 shown in Figure 3.
The dopi ng type of the doped body region 128 is
opposite to the doping type1qf the sem conduct or
region 138 i medi ately underl'ying the body region 128.

For exanple, if the resistor body 128 is doped
to 1pYTe.A dobal be: f.orne n_an n-type well region or .
on an’ n- t°t§%‘£%¥%%%‘??3§%ge gﬁﬁe‘g@ EFAHE cappith 6 (0 the terminals of the
- esiG@hegntration of the resistor body 128 may be in the
range of 1016 11 to 1019 cm 3. A conductive materi al

. can be forned to provide contacts 136 to the term nals
- [0038) t hEhe steBies LN 2nsid he. .strai.ned channel .
" transistor 132 of Fi&%r@q§§%£ﬁ r?éégﬂggﬁ§ggngﬁﬁﬂg¢%@ﬁ@mns
140 b Gb % o ihd0 i.ng.sjdes of channel region .

O e e A LiRaARBORLNY 8L 15 Prraf FRGhT & farreg fom a i
semSEHHLE .or.,paterial 126, is covered by an overlying
SemfEHBERr BHEh 1§ ByereAby ap Bveslgisps dElra s 156y érdateadiectrode 148
'bverﬁ&euheqaé ed.g]i el.eciric 150. The gate el ectrode 148 :

Mat erfai CREATH &G oY By satewlertapde 148 mstekiakamn be poly-crystalline siticon, . .-. .
ol pol y-crystalline silicon germanium netals, netallic
POLY SFYSHAE g éldicomgarapain, metalsi mesllic dticidenabGiicarideesabhdtive
.. oxide. Spacers 170 consisting of one or nore
metagficorider Spaenvfe comlstingoont of MBR dMlkectEmarshAeNe ksie®bn the
;;d\%Eg %ate el ectrode 148. A portion of the source and
sidevepllaphthe gt elastcid 048, OAPEHDE ofihe SR 1 SR -
~ material 162. The. sg?ond g’em'econ uc?or n%g%g?gﬁfoo(%g?m“
secorisymivan®icir 5RESRA0] 62N Aatki onst an at is _
different. from'the ng%lﬁgeg}jn4 %ﬁéoégucg%&aﬁ%#l msfave asecond.
- aaturflilitSle JBBLSH ) ; v silicide 174 overlays the gate
el ectrode 14 g@?rﬁnet%%nlﬁl%gat%rﬁ]ola@F%?Wﬁa’étgqf'gf?sﬁIit@tﬂF% 126.
A silieRo- the doped region constituting the resistor
° : ‘:?L'%ﬂ?yss tﬁ%%aq%ﬁﬁﬁe% T45 10 Copcopce P draipiregions 140. In contrast,

body 7
| stance.. [0039]. Principles of the present

: I . A
the dqpﬁf\?,gegpp&ﬂusggwng Hgepgoriogy it 2is not silicideslits toaintaif a higk resistance. -
type taught in co-pending application Serial No.
[0603910/ 688 HAds, o5k er. 22, .2003. (TSM)3-0553),
whi ¢h éﬁ% iocféﬂtlél pgr%e’uﬁgg‘?e%g%} %38?55938 aPPiPéit%a Fgtstor of the type taught
9ht herein, this :
€ =

in co—ﬁﬂ%ﬁﬁ"g%Bﬁﬁagion%én%NE.ﬁ%/&%gf‘%ﬁedt September 22, 2003 (TSMO3-0553),

which application is incorporated herein by reference. Using the methods taught herein, this

resistor can be formed simultaneously with a strained channel transistor.

[0040]  The present invention teaches a method of forming the strained channel transistor
132 on the same semiconductor substrate 126 as the conventional resistor 124 using the same

fabrication or manufacturing process.

[0041] Referring now to Figure 4a, a process flow showing the method of manufacturing a
resistor with a strained channel transistor is described. A semiconductor substrate 126,

preferably a silicon substrate, is provided and isolation structures 130 are formed to define active




resistor can be formed sinultaneously wth a strained
channel transistor. [0040] The present invention
teaches a nethod of formng the strai ned channe
transi stor 132 on the sanme sem conductor substrate
126 as the conventional resistor 124 using the sane
fabrication or manufacturing process. [0041] Referring
now to Figure 4a, a process flow show ng the nethod of
regiopfein tfesiobaimaien § haisolrimi sstcinrendl $thmay bt foanetieding lveindeed shallow
transi stor is described. A sem conductor substrate
trencﬂ.ﬁﬁiatzo@rﬁafe@fea Sbryexample, dof@rsisEbs blepd € etdhtrgPiemticstetth dgbs in
i solation structures 130 are formed to define active

the rakge off286iit QG@O b 8OFHRESFAlsCand HIng t%@ ﬁéﬁch&nm&{ g H&fch' E8Sg
130 may be fornmed using standard s low trench

0
dleledu?@ﬂnﬂ%e Cx;ﬂﬂ % Q@e?@ﬁ% ?{gg%r dép%%mgﬁé Aﬁmﬁf% {Jﬁge?%%%s‘é E?ctt% %Ps?hown
600 strons,.. and e.trench
TS e T la?yeﬁ’eegéchPé””ﬁ?ﬁ’th%"rfixéﬁl% e
_ vapor deposition, for exanple; to give_th
‘nay bepEEeRed e fosm naEPesITE{RRP-tYRS vrqﬂgfa%i@ﬂszﬁaot SR, FigE e shows two
filling dielectric may be silicon oxide, for exanple.
activej regionsil fpiteat veorgiombdveheper s ensidnelgesserrih isttg pe formed, and 2
' and/ or p-type well regions (not shown). Figure 4a
second hoive r¢ghamn 14dottiersan stagkdcisnnd thhsistr Betd wée fegiednTi#R active
where a conventional resistor 124 is to be forned, and

‘region® migRARNA Gk Sonbegive Brpl 4dedshofer & tﬁetyrzaam%f@ﬁaﬁml
transistor 1.32 is to bé forned. These active regions

'. conduahﬁaxtype% @B&Q&ﬁ?&ﬁo&é%@ WGlh¥6n IV BEFR A28 C ReOhhgh ke -

hey mmay be of diff@rent conductivity types.

' ons 140 are shown in the Figure 4a
regmémeﬁ L8 Bl 3¢

regi ons have not been formed yet .
. [0042] A gate stack 146 is then fornmed in the second
[0042hCt | Xe@ateagibMElid then AGmBH @Whe bdtofd gifiveregith. 147he syatein Figure
stack 146 conprises a gate el ectrode 148 overlying a

4b. THA R dh! 1@~€'i:5ﬂngns\1:§9 atd BiEcBRAL €48 §i& fifﬁvja%ter@élecmc 150. The gate
addi tional Ty conpri e a gate mask Z overlying the

stack %tﬁafidﬁﬂoﬁgﬂfecognég% a @?e mask 1:)7 overlying the gate electrode 148. The

purpose of | mcorporatmcr the gate mask 152 will become clear below.

[0043] The gate stack may be formed by the following process. A gate dielectric 150 is.
formed in the second active region 144 using any gate dielectric formation process known and
used in the art, e.g., thermal oxidation, nitridation, sputter deposition, or c;he]':nical. vapor
deposition. The physical thickness of the dielectric 150 may be in the range of about 5 to about
lbO angstroms. The trausistor gate dielectric 150 may employ 2 gate dielectric such as silicon
oxide and silicon oxynitride c;r a high permittivity (high-k) gate dielectric, or combinations

thereof.




i ncorporating the gate mask 152 will becone
cl ear bel ow. [ 0043] The gate stack may be forned by
the followi ng process. A gate dielectric 150 is

formed in the second activeT%egion 144 using any gate
dielectric formati on process known and used in the

art, e.g., thermal oxidation, nitridation, sputter
The

position, or chemical vapor deposition.
(0080 2P it Btk Gheiess rosranbie e Eb@shifiviey F30pFMhnte To dilBoric
CanE}ange of about 5 to about 100 angstrons. The

F efifsirdnase ofgditreinh ekide tAThC,) 156hi B Yx & gate . .
'(Hf%&igaeglt ric such as sili con3 oxi de gngﬂg@% g%fﬁﬁl&oxymmde
Fmindeliate AfHOGN7RSR R dd bl Lgh-K) gate.
_dielectric, or con‘%lﬁati onsaﬁ%élﬁ(g%%g’pgg% F%ﬁ‘ﬁtﬁl}hﬁ‘@m’
zircdmngsikicd ArSIoL Y, b€ : a ermttivity of
| arger than g.;J ?ﬁf@%&g{ @{)?p?)l [cénﬁlégﬂf%%c{%%@%}’ CHfptR 0Bfle CeOy),
titan Ui AT O 12 fni um oxi de (H Q2), hafnium
oxyn ilt rid ez)j’ t?ﬁﬁh&ﬁ)%fugé g“aﬁgg nPISPmbEgtens (e @f&m the preferred
emb&difSR N, UM 0Xi £ Zr. ,. zirconiumoxynitride (ZrON),
S %%%ﬁg@ ﬁd?eiﬁ io%@w,ldcy@r silingroaqiittelefiYRO®) thickness
hal um oxi de (La203), cerium oxide CeQ2),  titanium .
(EO'inge I? glg . Cﬂ(#‘?cé?) 1,58'?3&?? biarabinlestitithe abdiat 3G gstros, GRIHD pR@drhi P fess than
abou%#ber gof: In the preferred enbodinent, the high-k
Pt Scands verathorie praferblsteess T alsduk L G QIbsRGHI. VRS sical
mkk%%%géh%g£§§?e2§hh(EOEQQg;hzgg dleggctrlc 150 is
b tI%raef erably | ess:than about 2%) angs‘fsggﬁg’,rﬁga}égméﬁgﬁy less than
- aboutpg eegyoet endlblen h@s prebdialy & stronms. The
ohysi cal - thicknesstat ths g%%‘é%:t}%}l%@%tfr% be | ess
t 100 angstrons, nore preferably |ess than

{00452‘“3” Do : !
bout" B0 asis tirletEC Lithid fewed, npieclpretenalhyl 148%8n then be
de tf}@}n.about 20 angstrons. [0045] After the gate
POSEHCEVEL e BRte di8bois 150ty Tha g@ eRobRGAEGRE 1 IPLEHedry-
ety tajii48 iicjan then be deposited over the gate dielectrifc”.
stayigosiliegpepoly-Thyetaliat efliebresd-+ad ey "RLST | A8ucan be ..
_ . poly- crystalline silicon, pol ST@C%’S@%#F%&F%&ID?%%C
mtndeg@ et HERAIRY %déT% %el ﬂfgfelsféd cln%o%?nslént,r{heé fﬁé:r.!,tll'o%le 148 COMprises

pur pose of

7 poly-crystalline silicon. Metals such as molybdenum, tungsten, titanium, tantalum, platinum,
and hafninm may be used as the portion of the top electrode 148, Metallic nitrides may include,
but.are not restricted to, molyﬁdcnum nitride, tungsten nitride, titanium nitride, and tantalum
nitride. Metallic silicides may include, but will not be restricted to, nickel silicide, cobalt
éﬂicide, tungsten silicide, titaninm silipide, tantalum silicide, platinum silicide, and erbinm
 silicide. Conductive metallic oﬁdeé may include, but will not be restricted to, ruthenium oxide

‘and indium tin oiide.

[0046] The gate electrode material 148 may be deposited by conventional techniques such

as chemical vapor deposition. The gate electrode 148 may also be formed by the deposition of



nitrides, or conductive nmetallic oxide. In the
preferred enbodi nent, the el ectrode 148 conpri ses
poly-crystalline silicon. Metals such as nol ybdenum
tungsten, titanium tantalu plati num and haf ni um
~may be used as the portion of the top el ectrode 148.
Metal lic nitrides may include, but.are not restricted

| s:thco'ﬁ%ud ay ?gﬁ%gb\ﬂ%&a{ﬁgﬁnﬂﬁt ta%{]el%ltsﬁl{, %tte élt%l o %&Eﬁ!‘iﬂﬂ A

nltr and
not. be restrlct

Pmem ?EH“" ESkblggB%ﬁh?ﬂ f°§3i1‘?d1 Cithfesas ?}%@S%h‘fgsqlﬁt?”@fﬁséng conventional
titaniu licide, tantalumsilicide, platinum
. depositiq; od gac OtoihpErie o aiss | B¢ B MEsIa) B PEPIE CAmPELY sed
o oxi des nay include, but will not be restricted to, "
maskgkreTialirexisdent netrianiien ¢, aiced oxidn sitleon dk@UHEly, MAsiligen e
' “electrode material 148 may be deposited by -
mtndc oifiveegutd daradodd BiShinihetieshed weig pRSmE Beiprosdssey apform the gate
- deposition, The gate electrode 148 may al so be forned
electrble. 1THe g0he AASdClricQB0 Of rektbns Abt doGREN BNHe FRE @boroki® L4P¥REkFerably
by an anneallng to forma netal silicide gate
'adm@bﬁgxrode material. A patterned gate mask 152 is then
forrmed on the gate el ectrode 148 material using
‘conventional deposition and photolithography
[0047] ec hAk ghers: in Fipereyit efivaskskibeninmySenptmyiaiavanht gatased:
maski ng nmaterials such as, but not limted to, silicon
146. @b et maskimaarl osaymitiei lRclc@Rdsii b G10fdn oRidE [siliten odfiftride, or
gate electrode 148 is then-etched using plasna et ch

silicoRhi@ERS R 8xAnthld, Oh PelAGe 9@l LnhoRineat, HRGBst Ja@@mﬁéh@l compnses a
~ -dielectric I50 on..regions not covered by the gate

* silicof %?&efo%!&ﬁ&é@mh%ﬂ@méﬁ?abl y etched away. [0047] AsT

ure irst mask materi al
dep05|ted over the gate stack 146. The first nmask

. [6048rat eAisedond Ssinmyredid 156 Witednefotniddmsiag dbpaatsios btd ghotplithographic
oxi de, silicon oxynitride, or silicon nitride, for

techni@¥ed AL ver fhA it &aﬂi:ﬁﬁt@ﬂisﬂ @5’4 BIROHisPRRYe ek 8 102, IWiileMRBHsing the
materi al conprises a licon nitride 6n silicon oxide

first ! ﬁlhteﬁﬂ\ﬂ%ﬂ in the second active region 144 as shown in Figure 4d. The second mask

material 156 may comprise any masking material that is different from the first mask material

154, In the preferred embodiment, the second mask material 156 comprises a photoresist.l

[0049]  An etching of the first mask material 154 in the second active region 144 is then
performed in the presence of the second mask material 156. The etching is preferably an
anisotropic etch done using plasma etching techniques. This results in spacers or liners 158
being formed adjacent to the gate stack 146 in the second active region 144, as shown in Figure

4e. The second mask material 136 may be removed at this point.

[0050] A recess with depth d is etched in the source and drain regions, as shown in Figure

4f. The etch mav be accomplished by a plasma etch using chlorine and bromine chemistry. The




[0048] A second mask material 156 is then fornmed using
deposition and photolithographic techniques to cover

the first mask material 154 in the first active region
142, while exposing the fipggt mask material 154 in
él as shown in Figure 4d.

t he second active region 14
The second nmask naterial 156 may conprise any nmasking
mask

depthet ditheat-cekhiaby jagod romthe first m
mat eri al 1543{ T t irfég%or%g@egrnﬁé%ﬂé*ﬁaam%@&o, angHwmse Agpgtional
ARSIk ' € i ses. a photoresist. 0049] An

annet c hji, E%ig%?htﬁ%de%?%@%%é% fﬁlﬁfaéllgﬁi Y reﬂaérct;nv wtch rd[emsw]s Ll as to

slislaRicl Lon 144 is then erformed in the presence

T The L Mlleilitacrdohe sbiepsent eptrsy etcckisng | S

t he secon
referably an ani sotropic etch done using plasnma

moﬁlchihﬁgtta@em'ﬂ@é«tﬁi@o ' LS. | | ]
_ , dbBbSmb in.spacers or ljiners
. 158 being for med a%lj acentt%?écf) lﬁ%eseﬁléat%ﬁ@t@é%%ntfﬁéleﬁﬂpmﬂly
ill thereces®@@ spebnaGhi i .80.0n 14 s shown in Figure d4e.

The second mask rresltcgl?}%ea - ish%)}’sﬁlg Spleqiiyo epitaxial greivgh. The
epitaRPprotess 1R : cess wiith depth d is etched in the
- s‘o% rc eS andﬁgéezﬁ% ﬁglr?lggﬁpgﬁ%ﬂ SRt gy phsritay virer defositidmeitra-
high ¢dcflln MRY;RE .acc | i shed by a plasma etch using _
e cﬁl%jrli ne gaﬁaawggé)%@%ﬁ@ﬁ@@@)ﬂ offneledifar baeptepitgyofTnd he
epitaki@FBSS, Y, r.ange from about 50 angstrons to about 1000

ARGVl oy ebnaienimabe masiobe: tBOERERCi 0164 of the
Uﬂﬂﬂé{grcf‘,él@;fo%tag Si Ivlegllonghr? EI;datl on to red%ar rwahny et ch damage

S & gaises!| sogget hnyd dvaip edRER: B C

for the subsequent epitaxy p‘rocests. TOOS%]BE%iﬁ{SI"%&%Md

embodigierinthe senid smdoidosto e 4 8 ) hiaxiall
_ 7 asn taxially gro
to at least partially fill the gé%sog'g%k?neé?%ﬁ&f’%&lwa
germapymsmala frattonae SRR kb q o] lective epitaxial |

growth. The epi taf(ly pr'ogg(z%%g%@g"%oth%&c? RFFicHed embodiment,
the latqairh@h@he AN - cheni cal - vapor deposition,
' ultra- high Vac UQS@%%%%JC' %Lgfo“\‘ﬁiﬁw YHEFrsrhopappele fraction of

ul ar beam epitaxy. The epitaxially

betwedndsbrt G\J?) l.ec
gr own natag(rilg%ugaﬁgy al so extend above the surface of
t he channel region 164 of the transistor 132, form ng

(005214 r Zhe gate sesir T aReks e AT hsH: [ SoLP
s B2 e. (no .. In
e ey o @hd B ootid il S erfe.cttroﬁe LD that no
| epitaxial growth occurs on the gate electrode 148. The liner 158 covers the sidewalls of the gate
electrode 148 so that no epitaxial growth occurs.on the sidewalls. Epitaxial growth on the gate
electrode 148 sidewails potentially results in an electrical short between the gate stack and the

source and ‘drain regions 140,

005 i ‘epitaxi
[. 3] Aﬂ optional cap layer may be epitaxially grown to-cover the second semiconductor
matcnal 162, For example, the optional cap layer may éomprise a first semiconductor material
126, in Fi i
as shown in Figure 4g. The purpose of having the cap layer is to facilitate the subsequent

formation of a low resistance silicide in the source and drain regions 140




enbodi nent, the second sem conductor material 162
conprises of. silicon germaniumwi th a gernmani um nol e
fracti on between about 0.1 and about 0.9. In the
second preferred enbodi nent 16 the lattice-m smat ched
zone is conprised of silicon-carbon with a carbon nole
. fraction. of between about 0.01 and about 0.04. [0052]
: The gate mask 152 covers the top portion of the gate
10054 gt %Og@hémmgltawl goath, the gate pidsaX5atande catdved CTLeen 58 can be -
' the gate el ectrode 148. The |liner 158 cavers the
. optiogilldewabtesl. of the gate electrode 148 so that no

epi taxi al growth occurs. on the sidewalls. Epi t axi al
{003 on th g{? el ectrode 148 sidewal | s

ot erltt BPI8 EHFESITT AT RN cepiaoBdIciT MeiTiab ciMide  he

ate stack and the source and drain regions 140,
reSPe[gtﬁ’Gb’s]na)&ﬁe #ptijugiapdd a apddpey durimpeye dpetaeipl grewdhalilupdgpeden grown,

to cover the. second sem conductor material 162. For
they mxoarrloped sibecqupttiyand the ciapenksay e vat RN IMROITRFiE SR el hivisaling

- sem conductor material 126, as shown in Figure 4g.

‘procefh &hp waip aspanef mayainnendubra b@@@mteasf@ﬁal lo8 E’laﬁt@@dnl b&%@

t he subsequent formation | ow resistance silicide

1mmets[bnt161@]115[9&&%11%,%&@5&0[1@ %lﬁﬁisdl&g&%n érg V[o%%gé]:hmq%as known

- Fol I owi ng epi taxial” growt
o o SRNE e, TOF LS al GancR PRl LONELLL LR IRUED sucquen
.' expos%%&gvaqg Lor erg%%g(rjkgrst@hééﬁ’éalpgﬂg%gq%@e{ Jgszggt%c;r%:l\g/& !todq'iope the

I f undoped as. they may be doped
Shﬁog&f}% AR VSl%Fﬂ%POtiﬁ éz%@gléﬁf@méb@ papizrediorin sxtergions.r liof the

t her rral anneal i ng "process. The said dopants may -be e . .

'tfaﬁsﬁt‘ﬁtlﬁ%@ééwibyl Bgmednt i onal ion inplantation, plasm
- immersion ion |rrpl antation (PITT), gas or solid -

100560t Specth O bl r. it 'ﬂﬁéﬁ%%?%&t Wi S5k 198 vecond
. can .beaﬁ geal ed thr ough subsequent

implant additionally dopes the resistor body 128, and also forms the deep source and drain
regions 140 of the strained channel transistor 132_. The stracture formed at this stage is shown in

Figure 4i.

[0(}5 71 The Ieéistance of the source and drain in the transistor can be reduced by strapping
the source/drain_regi(ms 140 with a si_licidt; 174, e.g., using a self-aligned silicide (salicide)
process, or other metal deposition process. This is illustrated in Figure 4j. A mask, usually
comprising an oxide, is typically used prior to the silicidation process to cover portions of the
substrate where silicidation is not intended. For example, the oxide mask covers the first active
region 142 while_cxposing the second active region 144. A subsequent silicidation process
therefore forms silicides 174 on the gate electrode 148, and s.ourcc and drain regions 140 of the

strained channel transistor 132, while no silicide is formed in the first active region 142 where



exposure to el evated tenperatures. A first shallow
i npl ant can be first perforned to dope the shallow

regions of the resistor body 128 and to formthe
sour ce/ drai n extensi ons, 1407of the transistor 132,
61] A spacer 170 is then

as shown in Figure 4h: [005
fornmed, followed by a second- and deeper inplant. The

the%%%%rgg%ii gﬂpl ant additionally dopes the resistor body

! s dlcgiod f Bihite nothiBoweeRiERYDEE, ' | pns

140 of the strained channel transi stnga?gf%@f%ﬁ%gﬂe%tge
Figure 4i.

siligdlatige prgeess.f or med at this st age i s shown in
[ 0057] The resistance of the source and drain in the

[ookd;ansistor can be reduced by strapping the ‘
30 urc (IEZ‘\I}% tr SR aCeRiTiotier lawo 106 thay be Suned d8lodédby heSieposition of a
.passlilsm[?1 a self-aligned silicide (salicide) process, or
ot HeF A 4. 2@ liwsiic Fanreptio @asict A3 80 e kileh URAE @0 oh the
_ PHSS{i:\Ig;tggt{;lg 4]9'.78)A mask, usually conprising an oxide, 1S
Yy ‘usegpipg b0 the konthdRtch shob Hydaf70N Process to . ..
ﬁil é':ipvet:;1 portions of the subst r étc’g%%%ifrﬂg g‘lﬁ%flclfcg}g? F’&%nlﬂs‘s then
Tilledhiggo thetaaredeliblesHBD tERARRbScE ' sk coyers the
first active region 142 v[\lk%%l gogeé%g%tg%eflﬁ@r g{@qdhesumwd
chanaeltiiangstérag anspbéf < ﬁgﬁ%lgﬁequent silicidation process
iIT1-¢rdes 174 on the gate el ectrode

therefore forns si
48, and source and drain regions 140 of the strained

1005 hes o L i : _
hand®fhe firs asbediment] 82 sisthid a0 S lhl] Hend So Dy
é'sinélhg fi rﬂs{é active region 142 vvheree 17t %ﬂsﬁsgcgiag{%?e%ﬁ%mm
SUGvircatedic ndthienBodifkntS W d LBSILST QL k24 cont act s can
be formed by the silicidat i'on %iruglc%éggtgﬁléb@%ﬁrgtﬁé%‘?t Same

chip gemoactaisddiasiDpadsBYET S; e formed, followed by
the deposition of a pasélz%tg?lﬁ %enot%la (Ut §558 stop OvertEGRon-

Strainediirdnisigidf SottkresORLAGE ;hal.es 180 are then etched .
t hrough the reﬁ)ass%@éz}b’l 1'(3)?]}111; SRPET £ 780-SE3ipsharned ansksor is meant

176. A conductive materi al

10 inclu@$} B&ds; . stop. . |layer _
is thenm&#ﬁapesg‘%ﬁSﬁ%ﬁﬁ@“&%‘(@@mﬁwﬁé@r&% to form
conducti ve contacts. to the resistor 124 and the

[0060%t r aTheeetond embodiment will be described in the context of an integration flow is
described for manufacturing an improved CMOS device. Ag before, the source and drain regions
are etched and then refilled of silicon, geraniuﬁl, carbon, or combinations thereof. The alloy is
deposited on the'layer of silicon Hy a selective epitaxy process thereby creating a stress in the
channel of the transistor between the source and drain. The larger lattice spacing creates a

compressive stress and the smaller one creases a tensile stress.

[0061] Compressi_ve stress improves carrier mobility of the PMOS transistor and degrades
- carnier mobility of the NMOS transistor, as shown in Figures 5-and 6. It is an objective of
certain embodiments of this invention to separate n-channel and p-channel transistors by

engineeri : . .
gineering the nature and magnitude of the strain in the channel region of the transistors. Itis

desi ‘ ii . .. .
sirable to induce a compressive strain in the channe! of the p-channel transistor in the source-



channel transistor 132 as shown in Figure 41. [0059]
In the first enbodi nent, a resistor and strai ned
channel transistor are integrated into a single
device. In the next enbodi , a strained channel
transistor is integrated into the same chip as a
non-strai ned channel transistor. Since the use of a
contact etch stop over the non-- strained transistor
to- dr%‘éﬂfeﬁu?rb@ﬂ lcempigsssiesteas frep af hhinshomattextiston It is also desirable to
non-strai ned channel transistor is neant to include a
induce ¢ tensiicstrein it thathansel o thesitdhanmd tansBion & (50 e/ e Hdadif direction
stressors. [0060] The second enbodinent will be
and tedgkotiedh dde bithe pehcaetextised an integration flowis

descri bed for manufacturing an i mproved CMOS devi ce.
are etched

[0062 bgﬁ%#e t he source and drain regions
. nd T PRSI SR RFImeR] of Ererpresgetriaivhiio teahedrongtiod of
. conbinations thereof. The alloy is deposited on the
integrptg spraipgd drirebiomsisyreofseiretn ve: @piitcainy type 0¢@SSnimal

thereby creating a stress in the channel of the
degradatiamsfi catrpr mobiieen t he. source and drain. The larger

| atti ce spacing creates a conpressive stress and the
ses atensile stress. [0061]

mﬂﬁﬂéorran‘&%gr .one cr
w’é‘“%ior &8ue ¥ riprerpassile phareéns thomiethod gf manufiguring
PMOS transi stor and degrades -carrier nobility of the

strainefycpagnel tepReistar of muliplesivodustipm tyPeguitiesinimalridgBdation of sarsier
objective of certain enbodinents of this invention to

mobilityep desaritedn Actemivorductn dutptrath a0fghefitians isSicor SubByate, is provided
engi neering -the nature and magni tude of the strain in

. .and isdidten clranned 200@g fofn@f to e doARSe SibAY i8 thel s‘ilbétlsate The 1solat10nr

desirabl € t¢ induce a conpressive strain in the

structufdanpehy B fokiel PiEhaRRek sﬁafu%ﬁzs&eikﬁso 2@%@}2%&%% t]fﬁ

t o- draln di recti on and conpreSS|ve s re

- r o S esirable t
P e SI %t%etsr%glsq&ﬁfseﬁér%q trenc gﬁ"ﬁ@i dOBES’S {nﬁ'@e Wﬂe%%for‘?HSWrB%S o
tor i he sour eto drain direction and '
sbous (ORPUR O, madlalin 18 HneSretth hcrehiing elais pgrenalby
0062]. Anot her preferred embodinent of the, present
chemic. ngtqewutogé%ﬁggtbg crass-BRstiomfs shown in Figure 7. ‘The trench filling

dlelectnc 202 may be silicon oxide, for example. Ion implantation may be pe"formed to form n-
type WeH reg:tons 204 or p-type well regions 206. Figure 7 shows two actlve regions: a ﬁrst -'
active region 208 where a p-type strained channe] transistor is to be formed, and a second active

region 210 where an n-type channel transistor is to be formed.

- [0064] A gate stack 212 is then formed in the first and second active regions 208/210, as
shown in Figure 7. | The gate stack 212 may additionally comprise a hard mask 218 overlying the
gate electrode 214, Th; gate stack 212 comprises a gate electrode 214 overlying a gate dielectric
216. The gate dielectric 216 is formed using any gate dielectric formation process known and |

nsed in the art, e.g., thermal o:»udatxon, nitridation, sputter deposmon, or chemical vapor




integrating strai ned channel transistors of more than

one conduction type with mniml degradation of

carrier nmobility. [ 0063] Referring now to Figure 7,

a process flow show ng the Rt hod of manufacturing

strai ned channel transistors of nultiple conduction

types with M ninmal degradation of carrier nobility is
4 descri bed. A sem conductor substrate 200, preferably a
epogiidn. b phyiesiithiak@es bthdpAYVhdEc #rdndSQliatl.on 5.

structures 202 are for rrged tlo&g%?‘l ne %%il@éhefg&egﬁgt?hoo
angstti®. SHbBdS @b8etrid D5 1 ' structures. 202. may, be .

“formed Usi ng st andar g)pésrﬁéﬂjfg\c/\(lmtv FEReH gfltggfefﬁcfrtfr?u%hsqf’ls}hcm
oxideRh OGBS HER vni anple. conprising the steps of =

et ching t ?Dél%@h ggg%ﬁﬁer&g%?&n&@' ) §ate dighgicor copbimations

 thereg000 to about 6000 angstrons, and filling the
trenches with a trench filling dielectric material. by

‘l[006 chem cal vapor deposition to give the cross-section as
5% howhel highFit @BEGHA prefek , AN diel ectric, 202,
" may be silicon gx?ﬁaee, lb?}é%iggégﬁ%fde‘%tk Pgl%rﬁeﬂ%ﬁ%ﬁt i{’ﬁsgﬁ’}ecm"* :
can bavRY oPRoRSr LRkt f = type wel i gns 204 or.

Y ypecioet HER &80 B0 Ehet B ot e b smicrvede
active region 208 where a p-type

i s j t
(REOT) A élhgﬁéﬁfgf%rzéfﬁ%q% SF0¢ &1y, HECORIg ANt ZeON),

stral ne
i C L region 210 where an n-type channel -
m"ntﬁrﬁlasg%g%‘?%ﬁ%lﬁ’ WU%@X#%r(M)s gl oxide AiaeO 8t @eekm2ikiid GeOy),
ﬁmnmtheqﬁ%gfned in the first and second active regions

2081%5 {5 2 ntaliowrds Fafspr eorfhindfives Gaker. Th AfkorabReday

~additionally conprise a hard nmask 218 overlying the

embodigann thei Rtk idlectpt & hafitiem gaiie. SheatlicoR dgui P bk S8 Bhifkness

gate el ectrode 214 overlying a gate dielectric 216.

EOT) FHibe diatoetricil 6 & paterablp 16s i b Peuld A0, BBYe HBibly less than

di el ectric formation process known an use
about 28rhgstremg) and ERAHTRE HQX AR | piridation, sputter .
deposi-tion, or cheni ca?ﬁig%g@m%gﬁt&gggéﬁopgn&lﬂq’ﬂgysmal
ielectric 216 naY be .
¥

thicknelytf $HeGidlech il ﬁb;ﬁf@ﬁoteggsiggg agc%aﬁlé qu(,j PRTOmEy BOFpRraferably less than

in the range o
a conventional gate

about Sg ;%uglsgc 3 :a%d %’ég Hl%g%prglg?qlbgyolﬁss than about 20 angstroms.

[0066] After the gate dielectric 216 is formed, a gate electrode material 214 can then be
‘deposited over the gate dielectric 216. The gate electrode material 214 can be cbmprised of
poly—crystalline silicon, poly-crystalline silicon germanium, metals, metallic silicides, metallic
nitrides, or conductive metallic oxide. In the present embodiment, the electrode 212 CoImprises
_poly—élystalline siticon. Metals such as molybdenum, tungsten, titanium, téntalum, platinum,
and hafnium may be used as the portion of the top electrode 214. Metallic nitrides may include,
but are not restricted to, molybdenum nitride, tungsten nitride, titanjum nitride, and tantalum
nitride. _Metallic silicides may include, but will not be restricted to, nickel silicide, cobalt

silicide, tungsten silicide, titanium silicide, tantalum silicide, platinum silicide, and erbinm




oxi d-e and silicon oxynitride or a high permttivity
(high-k) gate dielectric, or conbinations thereof.

[ 0065] The high-k dielectric preferably has a
permttivity of larger than 8 This dielectric can be
one or nore of al um num oxi & (A1203), hafni um oxi de

(Hf02), hafniumoxynitride (HON); hafniumsilicate
(Hf Si O4), zirconium oxide (ZrQ2), zirconium oxyni tride

Sﬁlmézlr@uyducmmewm cutities idai; @tu@e, GA PHIGH b
(Y203), tanthal um oxi dg (La%OS) cer |eur)rén§%§<t}3ym %%m oxide

- aﬂdmdlwamnwmdem de (TiQ2), tantalum oxide (Ta205), or
conbi nations.thereof. In the preferred enbodinent,
h-k dielectric is hafniumoxide.. The Silicon

[OOG’Qq ui \?@? &t elgsirode metsrisldid omy b E@D}itadibytcbevediiel:e@tdiqes such

150 is preferably | ess than about 50 angstrons, nore

as Ch?)quéﬂéfla% Idgpasisiss.. Thagnte diaule 2Q he %‘m&éﬂg t]:%\ﬁ%ﬂosﬂmn of
-nmore preferably less than about 10.angstrons:

_ silicop pydsingtal, follbhedksn@senedlint Rerodh SLRET ﬂl&d ?aQe {f@éﬁ%ﬁ% ﬁlgﬂrst]arlal A

t han. about 100 angstrons, nore pre era
t.han

patteradiichitd HBskang %tﬁ%m&ﬂ% égﬁ/ E&% c{f&'irgikg{e grfdngz{t%%g% %@.}%P?H&Oﬂ and’

about 20 angstrons
rode terial 214 can then

f |
photoﬁtlaéor d§ﬂp v teHh ges &hd %%tggﬁag: g%yéng) YePRmenly nsqhmagkiice

osi t over

t r ter 4 can, be conprised of
, Ama er%ié %géhcarggb %géf? Isié%m%%ﬂ}c%wwﬁidm and sgicon gibmle. The
o , rret nmetallic silicides, netallic
gate G%I&{O'?gg Eg%lﬂﬁéltﬁ Rlesmrstcipricessextb dem tha gtk elefircs eMhe

vat d.ejg’oodl ment the el ectrode 212 conprises
ate diglspvic 24q en Eiopheot spYermidhy. the\ptedl @ roEicty 438 PR AHRES R away.

tungsten, ti tan| um. tantalum. platinum ~and hafnium

[006g]May Qe e orti of the top el ectrode 214.
] Met al | Fg‘%ﬁﬁt 1 anfﬁﬁPDFar‘?g@Hl@ blﬂoﬁ?{ﬂl@&r@fﬂh@@ fipse 8t seeandd
nltrlde tungsten nitride, titanium -

active }e?&bnggig)(ﬂg Eﬁ%ﬁﬁ%ﬁ@?@ﬂhmﬂ redielstiafin forsid igiglechemin]

va d§ cl.ude, but will not be restricted to, nickel
POr dpyS i peocers o atter ipbiition he Hispgsble filis kdyeberise oxide, for
. titaniumsilicide, tantalumsilicide, platinum :
examplg Jrj the ﬂ‘efeﬂafrh embodhined) BOdisposable film 220 is between about 10 and about

1000 angstroms thick, and more preferably between about 10 and about 200 angstroms thick.

[0063] A first mask material 222 shown in Figure 9 is deposited over the first and second
active regions 208/’710 may be silicon oxide, silicon oxynitride; or silicon mtnde In the
prcferred embodiment, the first mask material compnses a silicon nitride on a silicon oxide

- multi-layer.

[0070]  Figure 10 shows a second mask material 224 formed over the second active region
210 using deposition and photolithographic techniques to cover the first mask material 222 in the
second active region 210, while exposing the first mask material 222 in the first active region

208 of Figure 10. The second mask material 224 may comprise any masking material that is




Conductive netallic oxides may include, but
rut heni um oxi de and i ndi um
214 may

silicide.
will not be restricted to,

tin oxide. [0067] The gate el ectrode nateri al
be deposited by conventional_techni ques such as
Fhe gate el ectrode 214 may

chem cal vapor deposition.
al so be forned by the deposition of silicon and

di R oll owed by an annealing to forma netal
s u%@%m efthé’aétrsé H@Fdlé%‘ﬁtﬁ% &2Pralnghd prieferrAd eRBRERSRE 865 mask
218 is then formed on the gate el ectrode 214

' K
-maﬁiecP?lBFSC&%PMOTG@%OSi tion and photolithography

techni ques. The gate mask 218 nmay enpl oy commonly used
but not limted to, :

00T SsKi ng, ials.such as,, _
silicon e(t:)dgiHl gf thg iﬁl%sit @ﬁ?ﬁ?—lt@? gethe gaedndsactive®pion 210 is then

Bkl he e electrode 214 is then etched using

i i ﬁwtp;reﬁe“ﬁF g@%& $eend maskonaierich 224 ate ceh@g Y RERLTNS

pl asma etcC
ectric 216 on regions not covered by the date

: e
entis ks ES’%]QA@“%&%HS Bagratabingtibohnited) ethiseats in Ji9R6RYe Scers or
Hnerggg%f\@ N no;ip ;l{ri_e 8, a disposable film220 is - forne
. Dt jagantl togbe ganelsta@CLIDE tHe §Qi e
di sposabl e fil m maybe a dielectric'fiI%??%%%%%%%%Fﬁﬁmﬁwnm

Figlfsdmi cal  vapor deposition process or sputter
. deposition. The disposable filmmy conprise oxide,
the preferred enbodi nent, the

00730" le. | .
[ d]lo s po@§g FH§ dePP%‘?PIEQEﬁCng 2Beewwdermed yocitsseliGeiotd 280 @Mtetched in the ~ -
acﬁmé%@?lﬁn %%ﬁOWB thick, and nore preferably between

al out ot iflalé&%@tﬁﬂth@i@ dspgsbicofhects ek -A'silﬁc%Q'@%h(; istry.can
Tmlm%b%§ﬁ$ﬂ§§£¢gatqéhgll2§2 ;?own in Flgure 9is /e28§?§gﬁ

&¢. c@®ad afagk mact; i -

be silicon oxide, silicon oxyn?%%ﬁgggbggigﬁggg%ﬁeﬁﬂa&

Ee[erred enbodi nent, the first nmask

[0073Di triNdg. 5 he .. )
material c g%‘%% ]insFé% %5 peqord penpirendingier mareral B0 IsePRaxially grown
to at 19 'ﬂfaﬂﬂ.-layer' [0070] Figure 10 shows a second
mask et &t itxl FeessedregionsdPBoviis dahbe SROMPESHRE hiN S di S, ON
epit %%o uaggg dgg;sigion and photol i t hographi ¢ techni ques
OB P e T apitxyrmasdes ML td [RkfoRR dhel Pitf er ARG be
cher 211 Ve region 210, while exposing the i St “mask
mical yanor gepositien (CVIDDeltrbhitvaaald R L& Y&r deposition (UHV-CVD), -

or IIIOICCLI]EII heali- e .l y i 1 y g W y ! e ove c
s f ) (&) i vV o] - C an

dr 3 . . ‘ ‘
| _am 230 structure as shown in Figure 12. In the second preferred embodiment, the second

semico teri : o
nductor material 230 comprises of silicon germanium with a germanium mole fraction _

bet '
etween about 0.1 and about 0.9, In the second preferred embodiment, the lattice-mismatched -

‘Zone is i a7 .
comprised of silicon-carbon with a carbon mole fraction of betwesn about 0.01 and about '

0.04.



208 of Figure 10. The second mask material 224 may
conprise any masking material that is 21 different
fromthe first mask material 222. In the preferred
enbodi nent, the second waskzzwaterial conprises a
photoresist. [0071] An etching of the first mask
- material 222 in the second active region 210 is then
[00T" F Of¥dhe nfholt MR DLES RS At RIERNEHBRIITRY B
‘ 2 fer y an

24. The etching is pre nisotropic etc

| tAons )L asma et chin chni gues 5&% results in .
creA088 PA-ELEATD £LENLDA 21PN AuBsh I SEgRHS b
jacent to the gate stack 212 in the first active
gm“?gg?t%g§6§?jﬁgﬁgﬁ@W§”@h& Figure 11. [0072] After the
di sposabl e spacers 226 are forned, recessed regions

[0078P8 &HoBowing BEthciaNerbie, 1RChiVERD BB 48 §l§1§%ﬁ%‘?F!§)ﬁﬂd first mask

‘ aligned with the disposabl e spacers 226. A I con
_mate€hiGhn ehem d discussed above. The
ma-seco%g@ﬁggﬁ&%%¥é?%§?ggﬁﬁ&%ﬁ§ ,%H¥%ﬁ%% % after etching.
[0073] Next, as shown in Figure 12, second
[007€leni clim dpitixiaily pmitvarfinal202 3@nicsndeqit @xéedld Maphonrin depedtor
. |l east partially fill the recessed region 228. This
undop@itiuribg RNl bohad MahdPS8 BGkA Yienay@Rdofed Rbscdh ¥y Ana
. (SEG. The epitaxy processS used to performthe
the d6fnksAXhAted %5 % G alced WAL
R e B DO et D RE R Bl o
" b o bl Ve ), QI | egul ar_beam epi.t v . The ...
by gt BT, BBt RET P Bl O s Ssomes
- SUrface af: the chapnel region 232 of the second active
ARt DR shsr %65811%% OF'Y 20dee B AMTATPBRLIePASRY

~structure as shown in Figure 12. In the second” '
amorguzalian papeARRGH HRezh suheequwit srngsurs trdleveted tarmrsratures.
~ material 230 conprises -of silicon germaniumwth a
er ' J . n t 0.1 an t
O Rt R o 5 ur BB A Ry PopE. AN shlow
. lattice-msmatched, zone is_conprised of, )
implanflitn, G bR aRge %Wea?“li%&ﬁ%%’fﬁe”ft? g‘?ﬁﬁit%erﬁha]flo%éet%é qf the

: about 0.01 and about ] i . )
first and second transistor source and drain regions and to form the source/drain extensions, as

shown in Figﬁxe 14..

| t0078] Spacers (including regions 244 and 246) are formed on the sides of the gate electrode
214. In one example, the spacérs maj'f be formed By chemical vapor deposition of a dielectric
material, e.g., silicon oxide or silicon nitride, followed by an anisotropic etching of the dielectic
material to form simple spacers. In the example of Figure 14, the Spacers are compbsite Spacers.
A composite spacer may comprise a dielectric liner 244 and a spacer body 246. The dielectric
liner 244 may be formed by the deposition of a dielectric liner material, e.g., silicon oxide, and

the spacer body material 246, e.g. silicon nitride, followed by an anisotropic etch using reactive -




0.04. 22 [0074] The gate nmask 218 covers the top
portion of the gate el ectrode 214 so that no

epi taxial growh occurs on the gate el ectrode 214. The
di sposable |iner 226 pr eventg% epitaxial growh on the
gate el ectrode 214 sidewal | ss* [0075] Fol | ow ng

epitaxial growh, the gate mask 218, di sposable |iner
ion & apd fjrst sk material can be renoved, form ng
o ﬁ@n%'t FutP {I}Free Hg)ﬁ 1%, fhe fipef e me3 be 0 OFE] aribittie spacer body 246 may
beaﬁgi .tdaxi ally grown first 200 sem conductor materials
tf/‘ Be in-situ doped or undoped during the epitaxial
~ growth. If undoped as grown, it may be doped
[0079ubs eque Rty : dopants activated using a rapid
thermal anne: a@?ﬁ@mﬁp{é% 8résgf§r. trﬂerﬁ{é‘.t U s <3ty fesemed using ion
- implaftbQOMEed. By conventional ion inplantation, plasnma
P dco"“’r%ig ?P&Sﬁ?ﬂﬂgffﬁ%ﬂfﬁ(fﬁﬁﬁ-, & Proferrsépinbbdiment dke dopant

| mrersion 1 on Fl _
or any other techniques known and used in

is ar h_{cfolflsboosn ; : . . . .
. the “af U5 SF3icambingioneg botbr Thererpde apd tiiabregians Dethe second -

transap! gl g{j t hrough subsequent exposure to el evated
t écifrg 7 SRHe@ By uiesoTimptingtion while S5V0YiRg 1 Girss BHAGQRPUET B the
device after further processing. A first shallow

prefeggh prahedimimn dopmntisechps bfoh Eded nAFp%ivﬁﬁJd’iﬁ%éﬂ Q@§ ftormed over o
of the |rsrttEL

Figure 14 to dope the shall ow regions
ﬂmﬁgﬁ@uggcmmhmﬁWﬁﬂgﬁgmgmggpurCe and drain regions and to
formthe source/drain extensions, as shown in Figure
acers (including regions 244 and 246)

4.. [0078]. S
{oosolr e ﬁo&ﬁ% BJUBWDHF% Ok{hel presast invemsiogatill new de Hesorlbed wiltfresgebt to .- ..

Fieurd ]regxar_rpl e, the spacers may be forned by chem cal .
g“f%sglgo - FEpBe i1 shows Bfe stuatire bEBigtied 2 At Rl rocBssthe, In particular,
silicon oxide or silicon nitride, followed by an "
-2 sourgg{fiisis imprintatien sy ing bedh potfernaidek 8&dkb& b, bk o0 e
I gure , the

- form si npl e spacers. In the exanpl e of

implagipdidemantsakenCOARES i SecoRRGE: RAR L& SPacer
conprise a diel e'gt ric liner %bfguéﬁrc a @%2@@@‘@@8@%%

;egonme, [1RIREe ihEl source/drain regions include second semiconductor material 230 as )

well as the doped portion 240 of the first semiconduetor material 200,

[0081] A third protective layer 252 shown in Figure 16, preferably a photoresist, is then

formed using deposition and photolithographic techniques to cover the first active area 208 while. .

exposing the second active area 210. An etching of the first mask material 222 in the second

active region 210, as described above, results in disposable spacers 226 being formed adjacent to

the gate stack 212 in the second active tegion 210, as shown in Figure 16.

_[0082] Doped regions 240 in the first semiconductor material 200 are formed usiﬁg doping. -

methods described above. Any implant damage or amorphization can be annealed through

subsequent exposure to elevated temperatures. Following a deep implant and the removal of the. - . -

spacers 226 of the first and second transistors 236/234, an additional shallow implant can be



liner 244 may be fornmed by the deposition of a
dielectric liner material, e.g., silicon oxide, and
t he spacer body material 246, e.g. silicon nitride,
foll owed by an anisotropicnétch using reactive 23 ion
etching. In another enbodi ﬁt, the liner 244 maybe an
- oxide and the spacer body 246 nay be a nitride.
' [0079% The source and drain regions for the first
perfofneg e fepe dhe spwee andalrdio exiedion segiensi28Bof therfpbtand sucpmhiransistors
whi | e covering the second transistor 234. In the
236/2p4. eTleresmiiing nioadireBrbowit ihndigepsht s arsenic or
~phosphorus or a conbi nati on of both. The source and

raipn regjons for the second, transistor 234 for.ned
[0053]¢ nhieig 3t ?@Pafsaleﬁsawcaﬁffmr Aevicefler IrBerpRReeFings RS Yieps
' transistor 236. In the preferred enbodi nent, a dopant _
. may ks Torsningoy lger 244 and e dpaca A4 osithcatides af thagete stacks 21 %for the first
‘ formed over the first and second active regions - :
.and se2Q8) t2h@istofs 08034, And foimidg envrold stop hityerH8 tineripg ths &rt and secon
“invention will now be described with respect to .
transidforgPI@23415- 19. Figure 15 shows the structure-of Figure
- 12 after further .processing. In particular; a
' ource/drain inplantation step has been perfornmed as
[0084F 05 g dS showo ah alieppacy mbodisnass whets dhe spapsTs@Ate4 1rsp Armns
~ _extend through the second semiconductor nmaterial 230
eliminpted. oOpgipnrpase of theveraters inegiemho@i@nt Juph astshewir idfigure I for
' source/drain regions include second sem conductor
exampimisap nabk B3 Eouas/draie biterdRnt (veg. diphad dped i) dade) fofmdtioe. of
: first sem conductor material 200. [0081] A third )
the hepAlQUEFddI sU@cd BiRTain RZiok N AWRhdwh FIFIHES 168nd PT,@bRERB] e Reavily .
photorésist, is then formed using deposition and -
doped Bl Hﬁﬂgfc?ieﬁg £0LECRM YRR Ecptﬁg ﬂj\fﬁﬁﬂ&ngﬁ ektbdsitins 3641 Ve
area 208 whiTe_ .., ‘exposing the second active area :
; ' hing.of the first nask material 222 in:1h
Accordiiely, PpRREOID I gl Sy b RieolE0 b FRUE elbe b b
i n di spgsabl e spacers_226 bei.ng forned adjacent tq,
spacer o ieE RASERTARRS Gobe 7 ioR0 BSLRORRY AAER 1Mo 0F BEVOR doged Souee
shown in Figure 16. - o
and drain regions 240.

[0085] ‘The resistance of the gate, source and drain of the first and secéud transistors .
236/234 caﬁ be reduced by strapping the gate slectrode 2 14, and source and drain regions
230/240 with a silicide 250, e.g., using a self;aligned silicide (salicide) process, or other metal
‘deposition process. Tﬁese siticided regions are shown in Figure 18.

[0086] In the two embodiments dcscribed,- a sirained channel transistor is formed in the
same substrate as a resistor and another Haﬁsistor. In énother embodiment, _all.tﬁree components

can be formed in the same substrate.




[ 0082] Doped regions 240 in the first sem conductor
material 200 are formed using doping::, nethods
descri bed above. Any inplant damage or anorphi zation
can be anneal ed t hrough sug equent exposure to
el evat ed tenperatures. Follomnng a deep inplant and
the renoval of the. spacers 226 of the first and
[0087} ec nd tr Si stors 236/ 234, an additi ona! shal | ow
OfEness, oty cPBPPREISIcan Hofsemedeitis husicanedntlannel -
t aﬁn exten3|on regi ons 238of the first and second.
ransm{qr giestpple a CZB@thGﬂdesa'md e s pértdinpoupplicatiod SurRl N6, BImRLs,
in égure 17. [0083] Figure 18 shows the sem conduct or
filed Tuji g7, CROBITSMOF WSO éin amprtins esshg a dsidick iuBRR 1ssdcmed F8Yco-
include formng a liner 244 and a spacer 246 on the

pending pppéisatir Setiel At /638 OKS1ea 3y 0oraohh ?T§M{)13S bgssg "lﬁ'otﬁ cERng

transistors 236/234, and form ng an etc

” applicaié® LOMEIrh& i transis

1236/ 234. rFootseg ?&ﬁ% ; ?ééfe 5 how%rlﬁie CRPEEY tﬁ%ﬁ&‘gﬁefm any of the
Rha s acers. 244/ 246 have been

Sf:mcme | | mgﬁgﬁ g%j %ﬁd‘f%a:aehca ORSeat heforpad wythe same gubstrate as the

oty %@g n such as shown in Figure 14, for exanple,
zined’ olﬁs Fhe source/drain extensions (e.g., lightly

doped drain) during formation of the heavily doped

[0088] s ouilic the drelpoiti SdpBcifi@ehe @hc ‘ él% g@; Hely Fds Gl g%vdt]ﬁ'el%rence to

17, however, the heavil ource an
forma i on

’ specxﬁchQQJb@xﬁ&n@4@Io%€erf\%E5{E ﬁ%ﬁoﬁs?e# h %nggse?ag 8Pllé’ld?1%¥ one skilled |

ext ensi ons 238 ccor
" in the m@g@ggg r pose inot her enbodi nent_ not
R peelod okt @@?%Pﬁgitﬁg e e popeingly, the
l.ign, W|th the heavily doped

d 1t hat
spcc1ﬁcétﬂﬁ aﬂ&i %mgﬁsdgra Fogl?eﬁcg &han Blugrative peEy thena resiristive sanee and

u ce

all such 9 ate, source and drain of the first and second-
FJP ‘§F ke intprgor soobe inelrdeevithénitic ecbpopf i payfintedgnibbéiment.
gate. el ectrode 214, and source and drain regions “

[0089] g 2 %&ﬁ%&%‘ﬁﬁ%ﬁ& gp c%f l(t)l%egnlre%%%tz 3 %qaﬂ(a'jgls ﬁpb@@g&&d tg pe g{nﬁéc} to the
pamcula?%%dlments of the process, machine, manufacture, composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the presént invention, pi'ocesses machines, maﬁﬁfactur'e
compositions of matter, | means, methods, or steps, presenily existing or later to be developed

' that pcrform substantlally the same function or achieve substantially the same result as the
corresponding embodiments described hgrein may be utilized according to the present invention.

Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, cormpositions of matter, means, methods, or steps.



deposition process. These silicided regions are shown
in Figure 18. [0086] In the two enbodi nents descri bed,
a strained channel transistor is forned in the sane
substrate as a resistor and another transistor. In
anot her enbodi nent, all three cgnponents can be
formed in the sanme substrate. 25 [0087] In other
enbodi nents, ot her conponents can be fornmed with the
st Valhe!P €hAMMED ISt ransi stor. For exanpl e, a capacitor
I's described in a pending application Serial No.
10/ 627,218, filed July 25, 2003 (TSMD3-0556). In
anot her exanple, a diode or lubistor is described in a
co- pending application Serial No. 10/628,020, filed
Jul'y TSMD3- 0555).. Both of these
ol 1 AR08 Ol R R G kicser s By npnsnse.
Lsingd£9§@%pncepts taught herein, any of the
st uchUr EF S HEGIORIURL Freicesopensdng g fiap plniicatibonsnaatel with a first
‘be forned in the same substrate as the strained
, %ﬁﬁ' 8HICE FamsEPst or . [0088] In the foregoing _
speci fication, the invention has been described wth
1 ef erfémRiEs fiost amipeaintliact @THAGHSTR MeSemtdNRMEE reHAL | OUS
nmodi fi cati ons and changes can be nade by one~skill ed

i n t fiemzng a it REdkoveeRALd b0 e scope of the
preferred enbodi nent. Accord¥%g€§%h%he speci fication

- and  Forehin eS8 madi o1 ed.in an illustrative
rather than a ré§?$¥§$%@%%§gﬁggﬁ”ﬁﬁﬂm all such
modi f4cations.are intended to be included within the
scope %?% &8 By TRy entopRmaehicast opones} ivbpataest the second
cope of the-present application is not intended
a%tg’%tr)egl?lfﬂ?ttc%er’%d&ﬁtheega%ﬁﬁﬁﬂq; cul ar enbodi ments of the
process, machine, nmanufacture, conposition of matter,
means’? Wit et sendostie(ps mdesiar i et ldastdi€ recess, the second
. specification. As one of ordinary skill in the art,
Seeandneautinhiyrial apnesiabal fam bHe. ASehasy i Eaifrbnldifh the firs
present invention, processes, machines, manufacture,
naboaiiasicd t@RSOf matter, nmeans, nethods, or steps,
presently existing or later to be devel oped,

forming source

and dram regions ir the second active region to form a strained channel

transistor;
removing the masking layer; and

forming a semiconductor component in the first active reeion.



that perform substantially the sane function or
achi eve substantially the sane result as the
correspondi ng enbodi nents descri bed herein may be
utilized according to the present invention.
Accordingly, the appended clains are intended to
include within their scope ¢dch processes, nachines,
, M facture, conpositions of matter, neans, nethods,
or "8t BpRI0d prlalHATHHeB ICABMERY foiiing firdafTBleRRM Bfive reions
form ng a sem conductor chip, the nethod conpri sing:
COMBRS hgistegs o sem conduct or regi on conprising a first.
sem conductor material with a first natural lattice. -
cofesmantendhes & dagind ik sdriv@Rdigcond active regions in
“the sem conductor region; %orhing a gate stack over

t hiellisg e Mdnaed Wﬁﬁa&@@h%ﬁﬁ%&aﬂgp% maski ng | ayer over

the first active region; ng the masking .
| ay@ine thlMlNQ AL | east one recess in a portion of the
second activ%gP%Eion not covered by the gate stack
growi ng a second sem conductor material in the at
3 l%St of;e recess, the second seniconductor materi al )
- e Atpthedof cleind | nerhsreia fortgl the &SNS ARl i tnd S s
different than the first natural lattice Cg%tr%t%r}ﬁl?ompﬂses
peﬁomnmn@nﬁmyw@ﬁ,ra%sm,@gtgpregi ons in the second active
region to forma strained channel transistor;
renovi ng the masking | ayer; and formng a
., Seqiconduct or, conponent. in the first active region. 27
_ pe:t DQIC{PJD&I Dg (Saun 1 wherein forming the second semiconductor material comprises

performing a selective epitaxy step. |
- 5 . . . a . ‘
The method of claim I wherein forming a semiconductor component comprises forming

. adoped region in the first active region to form 2 resistor.

6. - - . .
_ The method of claim 5 further comprising forming at least two electrical contacts that

are clectrically coupled:to the doped region.

7. The method of claim 5 wherein forming the doped region cémpriécs performing an jon
implantation step. | |
8.

The method of claim 1 wherein forming the source and drain rcgions'compﬁses

performing an ion implantation step.

9. The method of claim ! and further comprising forming a cap layer-overlying the second

| semiconductor material, the cap layer comprising the first semiconductor material.



2 . The nmethod of claiml wherein the step of form ng
first and second active regions conprises the steps
of ., formng trenches to define the active regions;
filling the trenches with a trench filling material;
and doping the active regions. 3. The nethod of claim
1 -wherein form ng the second&em conductor materi al
conpri ses ‘performng a chem cal vapor deposition

10. stBp.mdhodlirelamth f- ' rein formng.the .
second seni conduc?%?@%at%e%téﬁd%{\g@n'%wsf%%gg%@??%ﬁ%?@lyﬁlg3 :
gate Giglk@gti ve epitaxy step. 5- The method of claim1l -
wherein form ng. a sem conductor conponent conprises
formng a doped region in the first active region to
i1 forma resistor. .. 6 . The method of claimb5 further '
" conprediodgr tlaimmil hgherah theagtstdiRur@bSiphisdls GRMALE bSerlying
that - -are.electrically coupled to the doped region. 7,
the gafheeststibod of .claim 5 wherein form ng the doped region .
conprises performng an ion inplantation step. 8. The
met hod of claim1l wherein formng the source and drain

reglon oppr.i ses perform ng an ion inplantation '
12. s?g‘lpl.m od ?E@mﬁﬂe]t HERgreat théls%ﬂom? natepatiatios conenntGolRTYET Simthe first
t‘“‘i rmng.a cap l.ayer overlying the second .
natr CEGPRiEe-or material, the cap layer conprising the
~first sem conductor nmaterial. 28 1o0. The nethod of
claim1l wherein the gate stack conprises a gate

13. %&@Q@oﬁYﬁﬁlly 'w[}]_lgre% n9BkEs & 1c1:ct_tcgr| material comprises silicon and

| th¢ second semiconductor material comprises silicon and germaniurm. -

14 | Ihe method of claim 13 wherein forming source and drain regions comprises P-typed

doped regions.

15. The method of claim 1 thréin the second natural lattice coﬁstant is. smalier than the.

first natural lattice constant.

16. The method of claim I wherein the first semiconductor material is silicon and the

second semiconductor material comprises silicon and carbon. -

17.  The method of claim 1 farther comprising a step of forming silicide on the gate stack

?

the source region, and the drain re gion of the strained changel transistor.

_ _1 8. The method of claim 1 further comprising steps of:

forming contact etch stop layer over the resistor and the semiconductor Component;



11. The nmethod of claim 10 wherein the gate stack
further conprises a gate mask overlying the gate
el ectrode. 12. The nmethod of claim 1 wherein the
second natural lattice constant is |larger than the
first natural lattice constant. 13 . The nethod of
claim1l wherein the first sem conductor nateri al
conprises silicon and the second seni conduct or

matfetiig pa6RRREl B6S 09 the _ rmani um. 14. The
met hod oq‘a cl ai m%%oaﬁed?g%m?g%%gﬁ%p@%ﬁ&@ and drain

i ' - d i . 15. Th
o B o e Y B o C BrclR om v icarch aiop fver

constant is smaller than the first natural lattice
constant. 16. The nmethod of claim| wherein the first

19 sedhcBrbetfckimat eheminths séitdn@OordREhpbidEt ¢ E%a:transi'stor :
sem conductor material conprises silicon and - carbon.
17 . The nethod of claim1 further conprising a step

: of j i.licdde on the gate stack, the source
20 egeg{l]{&%a% gft“l%f %Wg‘?fﬁm rtﬁf‘g‘if%%%wts’r CQUpises 4 siiained chdnanirfadlld effect

transtsf@nsi stor. 18 The nethod of claim1 further
‘conprising steps-of formng contact etch stop | ayer
over the resistor and the sem conductor conponent; 29
form ng passivation:|ayer+over.the contact etch , ‘

21. stTp medydiof cland S aTdintheG o.the resistor and. =
transi stor through the go%tgitg%ﬂhe%f]%ﬁ?trs %S{)f’ﬁcgg;igp?esj@gr_ istor of

first dbb@e+ clal ' in the . .
D Ly i MR SO BR R b oment compriesegagfistor o second

doping e Bt hod of claim 19 wherein the transistor _
conprises a strained channel field effect transistor.

22. The method of claim 19and further comprising: .

forming a disposable film over the second active region, the disposable film overlying the

gate stack: and -

procegsing the disposable film to form dispdsable SPacérs on sidewalls of the gate stack

in the second active tegion;

wherein the at least one recess is formed adjacent a disposable spacer.

_ The method of claim 22and further comprising removing the disposable spacers, and
forming spacers on the sidewalls of gate stack.

24. The method of claim 19and further coniprising fomﬁng a second gate stack over the first

active region, wherein the first gate stack and second gate stack each comprises a gate electrode

overlying a gate dielectric.



21. The nmethod of claim19 wherein the strained
channel transistor conprises a transistor of first
dopi ng: type and .wherein the sem conductor conponent
conprises a transistor of a.second doping type. 22.
The nmethod of claim 19 and fuygher conprising: formng
- a-disposable filmover the second active region, the
- di-sposabl e fil moverlying: the gat e stack; and
: pr OELS S, i lLmto rm.di s
25- spacers %O%P%en\cl\ia ﬁg&r Cﬁmpn E?Ig@]r(“k ?Vr? g@é’@%“"mde
and &6id-y€ region; wherein the at Ieast one recess i's
ornmed adj acent a di sposabl e spacer. 23. The net hod of
. claim2 land further conprising renoving the .
di sposabl e spacers, and form ng spacers on the -

26. s Hewedthal difclajate watiditkhe A4 miecomBhbQ dndb 1@1&2&5‘5 aterial.
-~ and further conprising formng a sécond gate :
over the first active region, wherein the first gate

st on te stack each .conpri ses a gate
27 ellgl%ﬁeo gl ot ]%'Eii‘? ) SPTBPIIRg, akeTigravingde s@Brd SEvgconductor
-matenﬁ od of- cl ai mI and further conprising a hard mask

£ erFWYlH@ﬁteWéng%%SE el ectrode and spacers. 26. The
, met hod of claim2 5 wherein the hard mask conpri ses

mul tiple layers of material. 27. The met hod of clalm
28 . ZTﬁleé CONR fte oW n Seco
5 Gem coglggﬁf {:)léiﬁhmaterelgﬂzlalﬁ4 @?cé]r[t@\slc CO ‘étohjﬁgamﬁéﬁs‘b?“ﬂtﬁ c’l:"f"j""lth
- ap-typdi&o hod of claim | wherein the second semi conduct or

rtal is in-situ doped with- a p-type dopant.

29. f The method.-of claim 2 8 wherein_the g econd. ms_emicbﬂductqg material is in-sitn doped with

a dopant seletted'fr'om the group consisting of boron, indium, and combinations thereof.

30. The method of claim 1~ whesein the second semiconductor material is in-sitn doped with
an n-type dopant.
31, The method of claim 3 0 wherein the second semiconductor material is in-situ doped Wlth

a dopant selected .from the group consisting of As, P, Sb, and combinations thereof.

32, Themethod of claim 1 and further comprising, after forming the source and drain

regions, forming a first conductive material on the source and drain regions.

33. The method of claim 32 wherein the first conductive material comprises cobalt
- germanosilicide Co(SiGe), nickel germanosilicide Ni(SiGe), Co(SiC), or Ni(SiC), or

combinations thereof,



39.

29 . , The.nethod-of claim2 8 wherein_:the.second
sem conductor material is in-situ doped with a dopant
selected fromthe group consisting of boron, indium
and conbi nati ons thereof. 30. The nethod of claim1
wherein the second senicondugtor material is in-situ
doped with an n-type dopant. 31. The nethod of claim
3 0 wherein the second seniconductor material is
34 .n- ¢} ethetbpiderming hsemieondopantevise eahatbd doafpritng group
- consisting of As, P, Sb, and conbinations thereof. 32.

The pravidingcs sofnichdicmr tutanate Eombiely RMEhRbAhctR alial, the
forming the source and-drain regions, formng a first

' subsrthind ABbELi A refbn hile G
ot smtceiol aﬁ%‘?&?‘?ﬁ“ﬁ'}?%gﬁ AT i

a feendidGlEvV R balt rrmn05| :
Con%l Ge), %@Eﬂegle%%%f: el rﬁﬁlfré{l%él} 288 rélgése Staﬁ*‘ formed

thé}l‘go(nS ©, or conbinations thereof 31 34. A nethod of
forfming a sem conductor device, the method conpri si ng:
proyi di n S onduct or  substrate conprising a first
semycon 8(@81‘) ?Hfr%tﬁF%Te regiffpandsigeal pefive regiel udi ng a

fir active region and a second active region, the -

fir E]l“m&é Bpagers Pe gidewallial thegecond gite uckgatiie sstandactiermagion;
thereon and the second active region having a second
gat ¥chitevcieutco reves and hdradorrest of. oppagingsified oNi@VREonidl gafetstack, the .
active region and second active region; formng

sousgsarcessEanG thesiral@ wbdsSpbd b SPa0R.gdh 8y Meapkeldatde
second active region; etching a source recess and a
dr agrowing e @é&;&n@ﬁbnﬁ&ﬁﬂﬁét&%ﬁét@ﬁ?m @f 5 cgllﬂﬁ SRR ﬂgeaﬁrgm Jeogss.
stack, the source recess and the drain recess sp
froma channel region by the spacers; and grow ng a
secqQn onductor material in the source recess and

353 he e PLCES

3 4 wherein the first gate stack and second gate stack each comprise, .

a gate electrode overlymg a gate dielectric.

36.  The method of claim 35 further comprising a hard mask overlying the gate electrode and.

 spacers.

'37.  The method of claim 36 wherein the hard mask comprises multiple layers of hard mask - -

material,

38 - The method of claim36 wherein the hard mask comprises silicon oxide, silicon

oxynitride, silicon nitride, or combinations thereof.

material, removing the hard mask.

The method of claim36 and further comprising, after growing the.second semiconductor . ...



35. The nethod of claim 34 wherein the first gate
stack and second gate stack each conprise. a gate
el ectrode overlying a gate dielectric. 36. 1 he method
of claim@85 further conprising a hard nmask overlying
~the gate electrode and spaceps. 37. The nethod of
claim3 6 wherein the. hard nask conprises nmultiple
| ayers of hard k materjal. 39. The method of claim
4036 werdiod of Fié%ng‘f Bhorels ke dBTpeTisesuelpr el spreses silicon.
silicon oxynitride, silicon nitride, or conbinations
~ thereof. 39- The nethod of claim 36 and further
41 .COMe n$ekHdd of AhihLr0 : : - sili
mat eri al , re%%%?%g@%ﬁ%ﬁE%ﬁ%ﬂﬁ%%%ﬁ&@%mﬁ%Q%%Qﬁgﬂg&%%?ﬁggmn
andQbrrGin@in 3 4 wherein the first sem conductor materia
conprises silicon. 41. The nethod of claim4 0
wherein the second semi conductor material conprises
silicon and germanium 42. The nethod of claim4.0
42 .Whdheimethoh ef d sindiitivisesn Geneoad eimidatetirahatatipinsRes silicon
silicon and carbon. 43. The nmethod of claim3 4
andwirbeei N t he sem conductor substrate conprises an
i nsul ator layer wunderlying the first sem conductor
material. 44. . _The_nethod, of clainB4 wherein the
se 'conﬁgétfr_s %ftrate conprises a relaxed SiGe = :
43.) ay&F I5iHaeP %}@Wé Hsrain ths persiarRdBeeroIbtTgie qPEPEFIsap. insylgtor layer
. . The nmethod of claim4 4 wherein the first
underyiRedtbhdigcteavcondactorinateriebrpr i ses silicon. 46. The
~ nmethod of claim34 wherein the second sem conduct or
-material is in-situ doped with

44.  The method of claim 34 wherein the semiconductor substrate cémpris‘es'_ a relaxed SiGe
layer underlying the first semiconductor material.

45, | The method of ¢laim 44 wherein the first semiconductor material comprises silicon.

'46.  The method of claim 34 wherein the second semiconductor material is in-situ doped with

a p-type dopant.

47.  The method of claim4 6 wherein the p-type dopant is selected from the group consisting

of boron, indium, and combinations thereof.

48. The method of claim34 wherein the second semiconductor material is in-situ doped with

an n-type dopant.

49, The method of claim48 wherein the n-type dopant is selected from the group consisting

of As, P, Sb, and combinations thereof.



a p-type dopant. 47- The nethod of claimt 6 wherein
the p-type dopant is selected fromthe group

consi sting of boron, indium and conbinations

48. The nethod of clainB 4 wherein the second

t her eof .
sem conductor material is 4qn-situ doped with an
n-type dopant. 4 9. The nethod of claimt 8 wherein the

50, N R &:HRPaF el.ected fromthe group consisting
T of As, P, gfg%laig%dqsaggﬁlﬁm‘?‘é?‘?%mﬁher eof . 33 50. The
met:hod of. cl ai m 34 and further conprising: formng a
first S’oauf%rgtéo?r%fgﬁ:eéwnéﬁ‘%{aﬁfﬂﬁ fragtregiominrthe Bigi @fivé Rgloh®ppositely
i.on oppositely adjacent to the fi rsIt) : ‘

.first,active re
adja{g:‘g]trt%tg?’g’éiéat%g?f@ﬂm ng a second source region and a
second drain region in the second active region

op BeéIsgeoadiiaunmt gitoatdescs@@eRgn B21R iﬂhgggc'o{l?%%ﬁ@g%gmd-~-'- SR

met hod of claim5 0 and further conprising, a
OPPsEplRdigrentie titisecohd gauk@e. " €gi on and the first drain
region, formng. a first. conductive material on the
first source region and the first drain region. 52.
51. T f.claim51 wherein the first conductive -
nahtﬁlée %IFB% %ﬂlﬂ %S@@ldcfaﬁféﬂf ©CoBpPIey, déter {@oMig tha ek &durce region and
the ﬁﬂt!i:i- cide N Si, cobalt germanosilicide Co(SiGe), nickel
FHEBRPT {TeRE NS Sioaluctive MBS gl the s Bkl ¢ 'onoand tth first
an

ger
conbi nati ons thereof. 53. The -nethod of claim

drain gegiqn, o conprising, after forming the second source
region and the second drain region, formng.a second
conductive material on . the second source region and

52. t . ai i. ON.
Tee &%@@Qf iR GLRS Hle flrst conductive material comprises cobalt silicide

o

c

CoSt nickel silicide NiSi, cobalt germanosilicide Co(SiGe), nicke] germanosilicide Ni(SiGe)

Co(SiC), Ni(SiC) or combinations thereof.

53, ' B egion
__ The glethod of claim 50and further comprising, after forming the second source region

and the, i i i ducti .
the second drain region, forming a second conductive materjal on the-second source ‘regioﬁ

and the second drain region.

54. i i
_ - The method of ¢laim 53 wherein the second conductive material comprises cobalt silicide
CoSi, nickel silicide NiSi, cobaltgermanosilicide Co(SiGe), nickelgermanosilicide Ni(SiGe)

Co(SiC), Ni(SiC) or combinations thereof,

55, Ti i in formi '
The method of claim 34 wherein forming spacers on sidewalls of the second gate stack - -
comprises:

fomg a disposable film over the second active region including the second gate stack;



54. The nethod of claim53 wherein the second
conductive material conprises cobalt silicide CoSi,
ni ckel silicide N Si, cobaltgernmanosilicide Co(SiGe),
ni ckei germanosilicide Ni (SiG), Co(SiC, N(SiC or
conbi nations thereof. 55. The nethod of claim3 4
wherein form ng spacers on sizfewal | s of the second

apdgate. stack conprises: formng a disposable filmover
the second active region including the second gate
stack: 34 and form.n ] sposabl e spacers by etching
haing waRPh soREmoy Bsiog B eppHba COR. 1 aim -5
Svwherein the step of forming a filmover the first
active region and the second active region conprises

56. t h&hstneodbf dh BT eherifie ROSHTh Sk 4 fm NS 1B RO ive repion
further conprising formng a maski-ng |ayer over a

and BRMstdoAM a@fve t3R 0 LhRPAS b Ll %b 0Gn1 finL $hatho
active reg?é% Sriop tgﬁnghfﬁg%%}gﬁgﬁgg 3%2%%%%%§%ﬂ§9ﬁnmm

Be, : ¢l al m 5 Swherei n_ form ng di_sposabl.e
e B By S i T b B R B e Gt
- t etch roceas. 58. The nethod of claim5 5 and
P W o€ BhErTEs AgPIsaioH2AgS t he di sposabl e - spacers

-after - formng the source recess and the drain
recess. 59- The nethod of claim58and further

57. COMMh&hATof chfth 65 wHERW BGnibN&s ?c@é‘fi‘fj mcﬁﬂqg—g e2formi
material, formng spacers on é%ﬁema Fs of t ey§ér§?mmga

lasifRtiEh SbhakK ok LR nd gate stack. 60. The nethod

d of cI%%n15% mhere?ﬁﬁgﬁg'spacers on the sides of first
.and second gate stacks are conposite spacers.

58. “The méthod of c“lam15 5 aiiiif‘"fu‘fthe'r”‘comﬁri"siug"'Iemoving"ﬂl_é"diépo-sable ‘spacers-after-

forming the source recess and the drain recess.

59.  The mcthod of claim > 8and further comprising, after growing the second semiconductor

material, Aformjng spacers on sidewalls of the first gate stack and the second gate stack.

60.  The method of claim 59wherein the spacers on the sides of first and second gate stacks

are COmposite spacers.

61.  The method of claim 34wherein growing 2 second semiconductor material comprises a

performing selective epitaxy process.

62.  The method of claim :34and further comprising, after growing a second semiconductor
material, selectively growing a first semiconductor material overlying the second semiconductor

material,



61. The method of clai m 34wherein growi ng a second

sem conductor material conprises a performng

sel ective epitaxy process. 62. The nmethod of claim 3
4and further conprising, after growing a second

sem conductor - material, sgfectively gromng a first

sem conduct or material overlying the second
sem conductor material. 35 63. The nethod of claim3

63. Aengitpdtoh g.la.{:{lll B%hegéﬁ %e%ﬂ&é%fg?%?}gé[gde tpﬁ;? gon ga%gsﬁ:ﬁecg each

.- stack each 1 nclude a gate
includ®d &fid ed-from -the groyp consisting of
el €1 See s PELELht SR i PRy Boa s wotp cotiiSingof
- IJ.h.con=ger ium._a netal, a netal silicide, a netal
POIY"??%SHL]%”&&&% FO BB IHER LéRe- emBandun, 2 Befal, Tmetahwtididd 2 ofetal
..cl aim 34wherei-n the first gate stack-and the second

nitridey and cprabipatiogt ereplac| ude a gate diel ectric forned from
a material selected fromthe group consisting of
silicon oxide, silicon oxynihide, silicon nitride,
64 . NThO M@t dgm A eﬁ}}l{g lé lde. ZlJrconl um oxi de, or =~
%" conbi nations thereot. %4,&%%5? %%angf%ef S&P?ﬁ)érgﬁteéftaCL"ﬂaCh
includ® 8. GOF 0 vice, the nmethod conprising, providing
inclnc AP ARG Yo e L L A
1.1 §0lon_and .a second active region; formng a first
Omd&@?% R9p Ao sliEok pgide: hedtiumerd elypighprxididirosimmdie, or
b.lgate stack over-the 'second active region; formng a .
combiprtions ersok £l m over the first active region and the
second active region; formng a masking |ayer over a .
portion of the dielectric filmoverlying the secor_1d

65. agnielied of BBy a semiconductor device, the method comprising;
providing a semiconductor layer that includes a first active region and a second active
region;
forming a first gate stack over the first active region and a second gate stack over the
second active region;

forming a dielectric film over the first active region and the second active region;

forming a masking layer over a portion of the dielectric film overlying the second act‘ive.

region; -

forming disposable spacers on sidewalls of the first gate stack by anisotropically etching

the dielectric film;

forming first and second recesses in the first active region substantially aligned withthe

disposable spacer;

filling the first and second recesses with a sericonductor material; and |



form ng di sposabl e spacers on sidewalls of the first
gate stack by anisotropically etching the dielectric
film formng first and second recesses in the first
active region substantially aligned with the
di.sposabl e spacer; filling tge first and second
recesses with a sem conductor material; and 36

i ing sour and drain regions in the second -
a%@gﬁﬁl@ g‘i’“&?? Bﬁgﬁfﬁ@e‘ﬁ%m%sﬁé the secoRd agjive eeiontadinkent BieGecond gate
StaCThe met hod of claim6 5 and further conprising, after

]f'i Il1ing the first and second recesses, renoving the

‘di.sposabl e spacers and the dielectric filmover the

first active region. 67. The. nethod of claim6 6 and,

66 . af Ty mEBIPIHNEN & H S .spacers. and the o
di el ,ergt ric -C?igjlzl mg g?dﬁﬂfuﬁ%g?&%%rﬁsﬁnrgr %i%ﬁ gﬁmﬁgfﬁ#ﬁtgmﬁ Pghpg gpoesses,
: ek HeQLens. of a first conductivity type in the
e BT AaRL R r Opt e B vt b g remstonck
-form ng lightly doped regions of a second
conductivity type in the second active region

- 67. adfbaceatitodtdi elﬂin;s@@:ﬁrdgaf@ﬁfe@mﬁ‘rhg% & QP B RGphdefSha $RAEQESric
adj acent the first gate stack and second spacers

film, &dihacemiprishe second stack; forning heavily doped |
regions of the first conductivity type in the first

aGhrinier £ 8dl Qhaqadi: F first spacers;: and formng
et 5 dap e S BREPL Al ot iy BB BT e s e
adjaééﬁﬂtﬂe'fﬁstfgja{ei{acﬁm Ive region adjacent the first gate
"~ stack. _ , ’ . :
' .-formiug lightly doped regions of 2 secohd conductivity type in the second active region
- adjacent the second gate stack; | “ |
forming first spacers adjacent the first gate stack and second spacers adjacent the é.econd,

stack;.

forming heavily dopéd regions of the first conductivity type in the first active region

adjacent the first spacers; and

forming heavily doped regions of the second conductivity type in the first active region

adjacent the first gate stack.

68. | The method of claim 6 5 and, after filling the first and second recesses, further
coraprising: r
removing the masking layer from over the second active region;

forming a second masking layer over the first active region; and

e_tchmg the dielectric layer over the second active region to form second spacers adjacent

the second gate stack.



68- The nethod of claim6 5 and, after filling the
first and second recesses, further conprising:
renmovi ng the masking |ayer fromover the second active
region; formng a second masking |ayer over the first
active region; and etching the dielectric |ayer over
t he second active region to form second spacers
adjacent the second gate stack. 37 69. The nethod of
69 c| dhenBiBdoheniai s Wﬁ'@&@ﬂﬁﬁlﬁﬁnga §t§{95é31§ 15§9ddoﬁdrﬁﬂg%ggonacﬁg1pﬁses

drain region conprises -i'nplanting a source reg

Aunpﬁﬂdﬁcm fouf@Fh dn 2 4PE, 1%21%8 5}'9189&:00 actw%]ii ‘ﬁ)}ga %L%[%H %gth the second

wi-t h the second spacer
spacgtsai m 6 9and. further conprising,.after |nplant|ng t he
source region and the drain region, renoving the
di sposabl e spacers and the.second spacers. 71. The .
met hod of claim 70 and further conpr|S|ng, after
701 efrvinigod becldingPasdhi®ospapesisy, A8 3 iSEGE 88 e region and
spacers, ;formng,a first lightly. dope reglonln
the driie rdgions tenRe g di@BEBNR- sggzleé%mhe Q&)ndg%;{cgé gate stack
and formng a second |ightly dope 3 region in the
second. active. regi on. adj acent the second gate, st ack.

- 71+ The method of claim 7 0 and fiirther comprising, after removing the disposable spacers -
and thé second sp acers, forming.a first lightly. doped region in the-first .activ_e«region;adj acent:the
first gate stack and forming a second lightly doped region in the second activerggion: adjacent

the second:gate- ‘stack.




