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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-semiconductor field-effect transistors (I\/IOSFE’D,
including reduction of the gate length and gate oxide thickness, has enabled the continued
improvement in speed performance, density, and cost per unit function of integrated circuits over

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



[ 0004] Size reduction of netal-oxide-sem conductor field-effect transistors
-(MOSFET), including reduction of the gate |length and gate oxi de 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 enhance transistor performance furfher, strain may be introduced in the
2 transistor channel for inproving cafrier .nobilities. Therefore, ,
strain-induced nobility enhancenment is another way to inprove transistor

per f or maagestdr BhaAdd iféd i8Brok & S8V ECROBIGRS | Mbrefort "GRG RERFEYALA! ©Xi sting

approaches of introducing strain i'n the transistor channe egion. [0005]

In one eaM&RHADE] b scribed in_a paper by T. | ser et al.,
published at the ﬂ%g%%g@%@géfrgﬁlesroﬁg?@énﬁ%wﬁ eC .?IPBIHO %3{??5:0 Meet i ng held
in San i CA... pp. _ 1000-.1002 and . i ncor.porated herei n by reference,
0" o ax G e R el S e e S B P O B YRGB et h 1 he
channel region. In such a device, a sem.conductor device includes a

strai nefD085] i cdnoheiRvertiORATEhr AR as BOCSHRRM § | i-fdxed SiGeudayer . which
is formed over and abutting a graded réi Ge bgitifgre]?y | ayer. [0’63061' The

r el axedaiShéPedeRy 199@%\2@1'1&3%3 glécﬂ%ﬁ DEBceS %E%I?gp}ee}cpﬁ g\?%ééc\% (Fflg,l xed Si, and’

the thin layer of epitaxi grown on't axe ave its

| atti ceq§iors ' at.eral . direction,..i.e., it w/|l he under biaxial
tensi | elgqqg)?%. iﬁéedr?%#r%?de%m%m ¥§ﬁ%?%?’&rﬁl?’ﬁﬁﬁgﬁ%ﬁé@ﬁ@%#p§% ®I'strai ned

si l-i cony l.ayer. w.ll. have_a channel region that is under -biaxjal tensile
strain. Ia%% ﬁgrﬁflgedatﬁ?ﬁ?%i@ﬁ chang -I?%?“ai%&“éi“‘é@“%ﬁﬁ@ﬂ@@@ﬂ dexige pelvdefought  of
as a stressor. that introduces strain in the channel region. The. stressor,
in thi s®&Red slican layes fermed ey apd phattting anedied SiGelazamnelic i& gormad 0Ye086Y |
Significant nobility enhancement has been reported for both electrons and
hol es i #PUtBlaeradediiesmBieslaymi ng a silicon channel under biaxial tensile
strain. In the above-nentioned : - .

. [0006] . Therelaxed SiGe layer has a larger lattice constant compared to relaxed S, and the

thin layér of epitaxial Si grown on the relaxed SiGe will have its lattice stretched in‘the lateral
djrecﬁon, i.e., it will be under biaxial tensile -strain. Therefore, a transistor formea on Fhe -
epitaxial strained silicon layer will have a channe] region that is und;ar biaxial tensile strain, In -
this approach, the relaxed SiGe buffer layer can be thought of as a stressor thaf: introduces strain

in the channel region. The stressor, in this case, is placed below the transistor channel region.

[0007]  Significant mobility enhancement has been repoft'ed for both electrons and holes in
bulk transistors using a silicon channel ﬁnder 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 high-
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

relaxed 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 CMOS processi ng where high tenperatures are used. In addition,
this approach is very expensive since a SiCGe buffer layer wth thickness
in the order of mcroneters has to be_,grown. Nunerous dislocations in the
rel axed Si Ge buffer |ayer exist and sgne of these dislocations propagate to
the strained silicon 3 layer, resulting in a substrate with high defect
dene & Yoyerl uiSting il SSuPRRE QA6 A BBl AT MRS ol Bbronl s KB AGY 0, COSL NG
fundanmental material properties. [0 I'n anot her approach, strain in'the
channel, .S : et the.transistor is formed. |In this approach, a
hi gh s%?éggk??{ﬁgﬁggggﬁ%%ﬁ&%gggngF?%ﬁ%?%ted transistor structure formed in
a silicon substrate. The high stress filmor stressor exerts significant

i nfl uei®¥8bn tlhencthanpgbach, soaidiid th Diginhdl 6s Birbdieedafteaticiteasigpasionged.n t he
channel region, and thus introducing strain in the channel region. In this

case, Mh@issppresck high stk AAKE ot 8 cSAPPBIE trithistdraRednat Qrmed uct ure. . Thi s
schenme is described in detail -in a paper by A Shimzu et al., entitled

A
n L | iﬂ@ ghﬁ H . ) H
pe?? gr rsmnce E%t%zéhC%Ee%%??qesgﬁﬁ‘?%ﬁg%B]{\ér%%sp.ﬁgrgé%E %Q&g?&f{?ﬁ%% gest of '
hni : . [ | El . ice. i ng, which.
o1 oo B Ll G200y Wb BBy, SrilsefRariie ST RB od by the

hi gh s ss fi.lmis .believed to be uniaxial in pnature wth a direction
paral | Eec#la%flig)l T fé‘cs&lﬂ? & ?%‘?—S FEaPIS Hlﬁ?eg@g?‘@r‘?{m PRI} rangisionsigyure: le -
-strain degrades _'hole mobility while uniaxial_ conpressive strain degrades
the -el & ﬁFf?ﬁ‘Eﬂ efl fnydetaf]dma papst bhd-aYhimigu epal., %%ﬂ@mﬁ%@la@@a to”
selectively relax the strain so that the hole or electron nobility is not
degr ad,é@f}tf‘%GtMQi iagiey sechinifigs for CMOSpeifomaaneerthanhementd’ rhbshed . $%3%xi ity of
the n and fp-channel

436 of the Digest of Technical Papers of the 2001 International Electron Device Meeting, which. ‘

is incorporated herein by reference.

{0009] The strain contribu-ted by the high stress film is believed to be uniaxial innature with

a direction parallel to the source-to-drain direcﬁon. However, uniaxial tensile strain degrades
'hble mobility while uniaxial compressive strain degrades the électron mobility. Ion implantation
of germanium..c:an be used to selectively relax 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. [Q10] Accordingly, .what is needed in the art is an inproved
transi stor and nethod thereof. that addresses the above-di scussed issues.
4 SUVWMARY OF THE | NVENTI ON [0011] Preferred enbodi nents of the present
invention teach a strained channel transistor and another conponent forned
on the same sem conductor substrate. jn a first enmbodi nent, the other
conponent is a resistor. In another enbodi nent, the other conponent is a
transistor.  In other enbodi ments, the other conponent can. be other

devi ceSUMMARY QF THE INNWENZEpEct , the invention teaches a nethod of form ng
a conventional resistor and a strained channel transistor on the sane

substr Si e a ocess flow. A stressor can ~be defined as that
whi ch Fdr?tg%j;dug%gfte%%dr %P%?E%F%{Sﬂg%ﬂﬁéﬁﬁwwwﬂwwhé|str¢i@egi chpane] tmangisicor art
schenmeg ; of ,inducing strain in transistors introduce the strain with a

st r ess B PEEREFIHROPG! formepspsthe panesemigeaductar sestratanbuclstmbtiipenutisl e

degr adi transi stors of the second -conduction type. [0013] I'n accordance
Wi th aoﬁgmpwt@mwtmm angfhiet ¢rebqdimme rhe otherenmpeient i8a ra@figonduct or chi p
conprises a sem conductor substrate in which first and second active

r egi ongtherpmbodimeptsstbel otherAompsieat @i e Sthpldvadsi N the first active region

the resi.stor including a doped region-is forned between two terminals. A
strai n@fali;hanrluel tran iﬂ?t.or i,s formed in- the second active-region. The
transi SUoH conprisEEEY e rantigy yadist pgthed phtosming f cpansational resisiosandst r at-e
opposi tel ag'acent,a str.ai ned channel region. [0014] 1n accordance with
anot he? S%B%éefié’ gl tendisen ordhe sagte subsrajssing e samw process fliowa A sesdoe eanduct or

chip is faormed in a sem conductor region with a first: sem conductor -

mat er i 28 defipedhas that which introduces strain in the transistor channel region. In prior art, schemes

of inducing strain in transistors introduce the strain with a stressor, benefiting transistors of the

first conduction type while degrading transistors of the second conducﬁon type.

t0013] ‘In accordance ﬁith a prefetfc(i embodiment of the present inventibﬁ, a
semiconductor chip comprises a scmiconductdr sqbstrate in whidh first and second active regions
are dispbsed. " A resistor is formed 111 the ﬁrst activé fegion; the resistor includjng a dopéd rcgic.m
i‘s formed between two termir;als. A strained ;:_haumel transisﬁor is formed in the second éctive |

region, The transistor comprises a first and second stressor formed in the substrate oppositely

adjacent a strained channel Tegion.

[0014] In accordance with another preferred embodiment of the present invention, a
semiconduétor chip is formed in a semiconductor region with a first semiconductor material with
a natural lattice constant forming a first and second active regions in the semiconductor ;egion.
A gate stack is formed over the second active tegion and a masking layer is formed over the first
active region. After forming the masking layer, at least one recess is formed iﬁ a poftion of the
second active region not covered by t_he gate stack. A second semiconductor material is grown

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



a natural lattice constant formng a first and second active regions in the
sem conductor region. A gate stack is fornmed over the second active region
and a masking layer is formed over the first active region. After formng

t he masking | ayer, at |least one recess is forned in a portion of the

second active region not covered by the gate stack. A second sem conduct or
material is grown .in the recesses, the second sem conductor materi al

having a second natural lattice constant that i.s 5 different than the first

nat ur al difRtehi 64 GOASE r in ions are formed in the second
active region to for m@arg&:'isltlarﬁggﬁ%‘gtagﬁékﬁg%?a?dr%%%irﬁ%ﬁ ?Ie%e%r%eﬁ%wil yer is

renpved,& : ct.of C onent .is faorned in the first active :
regi on. ac?iggi T nﬁﬁf@g@%ﬁ?ﬁ%%gé ﬂ%méﬁ?ﬁ ﬁh? mﬁﬁ%’?@?ﬁéﬁ r@ﬁ%‘@é?ﬁé%t of the ...

present .l on. _a seniconductor device is formed in a sem conductor
substra%ege]ﬂ%/a%%wg?’fup%rtcmégﬂ“&%ﬁﬂ 5} AGHIE &S .  The substrate includes a

first active region having a first gate stack and a second active region

havi ng H0%8condn gabask 36K anofhef bx!cef&rieée QJdEEQJé ﬁf FESQ%% jﬁl%%nﬁgn,a%pd second

9

active regions and spacers are formed on Si e\i;’va e second gate
st ack i RolitRd&eGQRH a8 Fl-%s i 63 d_draln recesses are etched on
opposi ng si des of tﬁe séﬁégdn%gg%@go%dtﬁ %{gllis(ﬁg‘qh%%a‘?%as gtcsglamqopti.},ﬁoa n@ﬁeﬁ’ﬁi\el' '
. regi onrhy, econd sem conduct or terial is grown in the
sour ce andsudérﬁglteﬁﬂ%%ééglésécafﬁﬁﬁ%ﬁ ﬁaﬁr‘&a"c@ﬁr%ﬁﬁ?@é M asend R 5Pk erred. -
enbodi f..the present lnvention, a_ sem conductor device is forned by
t he - mez;nﬁr;agyhlcgtc‘21 sgc%oggiggtre ﬁ@&a As@ﬁﬁl&g’ﬁl&%?‘@ &b pnd gepandjapiiyeeriensand spaces acti ve
regi on an? a gecond active é{g‘gi on. Afirst gate stack is formed over the
first a0 R PRyiotrlanithaseacnd gad sek is thtsedadiagtifeargien Soume aphdragecond
active region. A .dielectric filmis. forned over the first and second
act i ve FEGISAY sarad an prpokihgriies afjtbe sicend prastatk audare spapar frdmachainel

region by the spacers. A second seﬁiconductor material is grown in the source and drain

© TECESSES.

[6016] In accordance with another preferred embodiment of the present invention, a
s§miconductor device is formed by the mcan;; of providing a semiconductor layeirr that _incl_udes a
first active region and a second active region. A first gate stack is formea o_v.;cf tﬁe first active
region and a second gate stack is formed over the second active_: region. A .dielectric film 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 anisotropically cAt.chjng the dielectric film, First and second
Tecesses are formed in the first active region, an& are substantially aligned with the disposabh;:, )
spacer. The first and second recesses are filled with a semiconductor material and the source anci

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



the dielectric filmoverlying the second active region. D sposable spacers
are formed on sidewalls of the first gate stack by ani sotropically etching
the dielectric film First and second recesses are formed in the first
active region, and are substantially aligned with the di sposable spacer.
The first and second recesses are filled with a sem conductor material and
the source and drain regions in the second active region adjacent the
second gate stack are inplanted. 6 BRI EF DESCRI PTI ON OF. TI E DRAW NGS [ 0017]
For a nore conpl ete understandi ng of the present invention, and the
advant aRREF REMIRIBTION 6F SHEMRAWSNGSW made to the follomnng, descri ptions
taken in conjunction with the acconpanying drawi ng, in which: [0018]
Figurelé fﬁoms .conventional resistor formed in a portion of substrate;
[0019] 'y SO G CHMBIE Apdsapnng A P DRk SGR an[l g2dyantastfur e 3 shows
t he |n3§ rﬁ%@ n of ,a strained channel transistor and a. conventi onal
resi st dr%ef THCFiS@GWé%ad%ﬂhquH%W desriiptinns tisoigicpmimction sikdes 1 ow, [ 0022]
Figure 5 conpares a conventi-onal PMOS and a conpressive stressed PMOS;
[ 0023] WW@Y@E@WW@MOW%U onal NMOS and a conpressive stressed
NMOS; [0024] Fi gures 7-12 show conbi ned steps. of the second and third
enbodl 1 w.addition eps. of -t he second
enbodl g%%g%5%%%§? %ng%rﬁﬁggﬂ e% %%Wé%'@¥gﬂ§ of the thud
enbodlnent 7 DETAI LED DESCRI PTI ON OF ILLUSTRATIVE EMBODI MENTS

{0019} Figure 2 shows a sirained channe] transistor;

{0020] " Figwe 3 shows the integration of a strained channel tranéistor and a conventional
1esistor; |
[0021] | Figlngg 4a-41 sﬁbw a ﬁrg_tfg:tbodinicnt proces.s ﬂéw;
[0022] Eigure 5 compares 2 conventional PMOS and a compressive stressed PMCS;

| [0023]  Figure compares a conventional NMOS and cc.)mpré;sive stresseai NMOS; -
[0024] Figurés 7-12 sh'ow cc;mbined steps-c.yf the second and tthd emﬁodime,nt;

[0025]  Figures 13-14 show additional steps of the second embodiment; and

[0026]  Figures 15-19 show additional steps of the thitd ecabodiment.



[.0027] The making and using of the presently preferred enbodi nents are

di scussed in detail below It should be appreciated, however, that, the
present invention provides nmany applicable inventive concepts that can be
enbodied in a wide variety of specific contexts. The specific enbodi nents
di scussed are nerely illustrative of §pecific ways to make and use the

i nvention, and do not |limt the scope‘of the invention. [0028] Resistors
are conmonly used in sem conductor integrated circuits.' Resistors are

used, for exanple, in analog and in m xed node anal og and digital circuits.. |

Resi st oPETAHEIADES CRIFTEON OR 1 NOSTR ATE EOBRID G LS as input and out put
resistors. I'n addition' resistors are sonetl nes used as part of an input

pr ot ect circgpit to provide protection of the circuit against )
electrogpg@ic gﬁ%&ﬁ%ﬁé@”@@smpfgvew&mﬂypmﬁthﬂsmmaﬁmamihﬁdﬁ@@*&ﬁﬁﬁb&ﬁ used to
attenualt%ﬁ? thL(Ea ESD voltage and to. absorb and dissipate ESD energy. Large
vol t age¥ 7" ¥ Fovkkiteppretiated bomavan tiat i pregdric S1vBRYn BRAGRE mBSY ASEcdRe tWo
termnals of the resistor used for 'ESD applicati ons. [00% esi stors in

i nt egr JFERIYS pwotrtstharmyn lrenfbodis®E MO Garf P e BEShikd | 6, shlikgon |ayer,
for exanple. Resistors in integrated circuits may al so be jormed on a

si ng| e-ambpdinwhisidieenssed dr€ @Brely IBUEEtiveDE Sheci Sl e TBY 26, Jor med in a
porti-on of the single cryst al st ivgong%ﬁ C%iah’gg’%%?g‘?éf%ﬁ%?%mécmﬁ%rti'on....,_of a

single mﬂﬁsh@lﬁﬁt&%@%ebﬁ%{%@n o@ Silicon-on-insulator substrate. As an
exanple, a resistor 100 forned I1'n a portion of a single crystal silicon

substr _@&02 is . shown in Figure I. The resistor body 104 is doped with a
type ogb ite Redstersprsicommenty 024 imswhitndelb in@skal cithirs | BOk@LE g Structure
106 such as shallow trench isolation; for exanple. Current 108 flows. .

t hr oughsed: Fre exasmile i enabgdyd ﬂa&ﬁxélﬂh&&%ﬂalbg‘%?& %%1% E‘j%lo s.llt%%is?érs EQ%# esi st or

100, as shown in Figure 1. In the -resis e current 108 ..
exper i éprslds input andemrpueeifchits pAt ArRY8HhE Rk n?ﬁp .. char.acteristically
defined as resistance. It i sml?gom to or?e S i %adg“}oﬁ’ r?ﬂgtografe that resistors
Wi th asometimes used as part of an input protection circuit to provide protection of the circuit agaiﬁst o
electrostgtic discharge (ESD) events, In this case, the resistor is used to attenmate the BSD
voltage and to absorb and dissipate ESD energy. -Le_zrge voltages in the order of thousands.of

volts may appear across the two terminals of the resistor used for ESb applications,

10029] Resistors in integrated circuits may be formed using a poly-crystalline silicon layer;

for exarple. Resist.ors in .integrated circuits may also be formed on a éingle-crystaﬁinc silicon

layer, e.g., resistors may be formed in 2 portion éf the single crystal silicon bulk substrate; orina o
portion of a single crystal silicon layerina silicon~on—insu1afor substrate. Asan example, a

resis_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 tybe oﬁposite 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 a linear current-voltage relationship

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




8 resistor body conprising a single-crystalline sem conductor have the
characteristics of high stability and | ow noi se in conparison wth.
conventional poly-crystalline resistor structures. [0030] In the preferred
enbodi ment, a structure and nethod of formng a resistor and a strained
channel transistor is provided. Methogs of form ng such resistors with
strai ned channel transistors are provided. .[00311' Figure 2 shows a

strai ned channel transistor 114 where a first sem conductor material. in
the chapnel .region 116 is stressed by the placenent. of a second ‘ .
senico%ﬁﬁ%Fnggﬁﬁﬁﬁ§W5?mﬁggﬂWﬁﬂ;mbﬁFﬁ“ﬁ@uﬁﬂﬁmﬁﬁﬁﬁ@%ﬂ%ﬁﬁmﬁ?ﬁfﬁgPegions 120.
The secogﬂggggiconduqtor material may also formpart of the channel region
116.. THE AoV BeiR spmpagison widh epavestiona erlycartillie owistorarestires. varies in
relation to the lattice constant of the first semiconductor material such

t hat a yoedor ai Npitge @ﬁgpm%rag%% %%gﬁn]%bngigﬁ]ﬁ%ﬂﬁ&%g JBferial, Lbn the channel

regi on.. ‘The second sem con er eon reafnerred to as a

t LT nsi 114 i Si . strained. | [ 118 i
R Ll S DS o B A R SR R L SRR e

of the stressor (e.g., Sil-xGex) is larger than that of the first _
seni cor%ﬁ%‘%?f? arer?é?“’éf%fjal (e.g., Si), the stressor results in a conpressive
strain in the source-to-drain direction of the transistor. Wen the

| at ti cquepanst el shéies SERNMLAE Ganduch of wﬂaésﬂﬁ&s%%e;éi&nammﬁ! L-yQy) is
smal l er than that of the first sem conductor naterial (e.g.. Si), the
St r eSS QLatdiBFiH it eScHally: ' fraln . Ln the sourcesto-drain direction of
t he tranasi stor. %fet éeﬁegl%gi iéfﬁf%ééetdﬁgﬁlee%acgﬁlgﬂtnoilaS%CPE%?PS}?O B e given in
co- pendj. ng: ent _a ication, Y.-C. .Ye t_al., "Strai ned-channel

t ransi g%%efqlagmﬁttghmﬁpmﬁgﬁl? TR ﬁ%m’f?}ﬁ@ Fﬁeﬁeﬁ@%w UPEIACHElgi ons, "
U. S. -Pat eg} A%al i-cation No. 101379,033, . fled March 4, 2003. (TSMC -

Di scl oS & SRENFRRSfesbtrscioegen 16adde ﬂ%ﬁqeﬁe@ﬁtaa@ﬁ%ibwcwsemwonductor

s#ai::t is placed on the first semiconductor material in the channel region.. The second
serniconductor material will be hereon refenf;d to as 'a; stressor. The u'ansistor 114 comprising a.
| strained channel region 118 is commonly known as a strained channel transistor. When the
lattice constant of the stressar (e.g., Sil.IGéx) is larger than that of the first semiconductor
material (e.g,, Si), the stressor results in a compressive strain in thé sdurce—t&drajn direction of
t];e transistor. ‘When the Jattice constant of the Asccoﬁd semicondubtor material (e.g., Si1,Cy) is
smaller 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 et 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.



by reference. 9 [0032] In the preferred enbodi nent, the first sem conductor
material is silicon (Si) and the second sem conductor material is
silicon-germanium (Site or Sil-xGex), and the -strained channel transistor
is a p-channel transistor. The nole fraction x of Ge in SiGe may be in the
range of about 0.1 to about 0.9. In gnother enbodi nent, where the strained
channel transistor is an n channel transistor, the first sem conductor
material is silicon, the second sem conductor material is silicon-carbon

(SiC or %éyqi% and the nole fraction y of Cin SiC may be in the range .
of -ab,o[?t .01 @eaﬁéf‘tﬂﬂdembfﬁlmwmth&aﬁﬁ stmicGaducton tha®iidl-iy EYconagi)aed eed as the -
second sem conductor |ayer, other semi conductor naterials nay be used. For
exanpl eSecopdseRicerigion meterial iy slicos-gedmagim (Si@e@fﬂil%g,%m BEnE8gnRs t he.
second seni conductor |ayer. [0033] The first enbodi nent of-the present -

i nvent | &Asider s alpechdmmtirinbiedr WHs ndlEEREEH x bOGRIL sﬁ@ﬁﬁfa%é?' GRGG¥dof Namely a
nmethod of integrating.a conventional resistor such as the reststor with a

strai neaboutaioabott0AN T Sloier eﬁ%dﬁﬁ&w@f{%@%ﬁ%&ggg@%ﬁ%gﬁ%@gﬁ%Ig_;] 124 i's

formed in a portion of the substrate

def i necchaynel BkBior AL £:5Gk a strained channpel .transistor 132 is
formed in another porti onﬁig?nt%gr%l%‘gwsa FOR RS secoRfSSmcORinciy @ategiahy 124
conpri sig§lisontARRH (&858 OF b0 12 hroough which current 134 flows

bet ween two resi gt(%;esc{ré}rl‘ﬁhygfaﬁmg%f%eéfﬁg% Pt it SikFeeyioe Giviheganien of he resi st or
body 1 L.en sjstance, the value of which is a function of |
many pzzagr% gﬁe@fﬁgﬁé?boéfg.ﬁ?‘we%‘bﬁ%@d 5o may Spireg as fenwend semicandpctbmyout , and
si ze ofla ehe resi stor. body. The doping type of .the doped resistor body--

L 128 i sYehSBETRiCuctor Rt eniglsmayde bed: er smmipton shutitanductegilion sich 26

i mredi %}elg‘T underlying the body 128. For exanple, the resistor 124.may:
conpr i <8O B8P ERused 85 Gt ercotsirgsniconductor layer. -

- [0033]  The first embodiment of the present invention w111 be descﬁbed with respact to a
fspeciﬁ.c context, namely a method of integrating a conventional resistor such as the rcéistor with
a strained channel transistor._ In Figure 3, a conventional resistor 124 is formed in a portion of
‘the substrate 126 in a first ac?iv;e region 138 defined by isolation regions 130, and a strained

channel transistor 132 is formed in another portion of the substrate 126.°

[0034] - The resistor 124 comprisés 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 reéistor body. The doping ltype of the doped
resistor body 128 is ©Opposite the doping type of the semiconductor region 126 immediately
underlying the body 128. For cxgmplc, the resistor 124 may comprise a p-+ doped resistor body
128 formed over an n-type doped‘ tegion 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



128 fornmed over an n-type doped region 138. The n-type doped regi on 138 may
be an n-type doped well region or an n-type doped substrate 126. It is
understood that the doping types nmay be reversed, e.g., n+ doped resistor
body 128 fornmed on a p-type doped region 138. The doping 10 distribution or
profile in the resistor body is geneqally non-uni form and may. have an
average doping concentration in the range of 1016 to 1019 cm 3. [0035] The
resistor body 128 shown in Figure-3 can be defined by isolation structures
130, such as sha%épm/érench i solation (STl).structures, for exanple. The
resi st SISTBHOBPT FREC gy BeEpftor Gody i fenesullyRey- thidoras and et ieRg e #erayout with
wdth Wand a length L. The w- %h}/ngaSy have a dinmension of |arger than
about  @RgreIcEREToRAdhyregeof 3BT i 10arcger than about 1 micron. In the
preferred enbodinent,- the length L may have a di nension of larger than :
about i Cr _ - t t. .M resistor.
nay'hagg*gﬂ}aygﬁ?ﬁaﬁgﬂx§§g%ﬁ%@ﬁ%ﬁﬁ%géﬁgggﬁﬁggﬁﬂgﬁg1%%ﬁ§%§%ﬁﬁggqggnnnnly
used in_ t.he art for diffusign resjistors. [0036] -The e le in Figure 3 .
P ust s Bk Rogbis e Ot B bt et ghe P BRe RSPt & o 1 con
substrate. However, it is _understood that other. substrates such as

semi corB{FEHA DBDaVE A S3saRsuba [yaey Withswig W andeaslengtly Lalbowisih Waras have  exanpl e,
t he sem:conductor-on-i-nsul ator substrate can be a silicon-on-insul ator
subst r ai@ensippioh iprger iap plooh0. 1 ajeonscand prefiralgy hrgsr than ebppubk indheon. |Tagher ,* sai d
silicon aoxide |ayer overlying a substrate. The silicon layer in the

si | i corpreferrddresnbodinent, tte ldagthr/ah ey my a Bieneasioedidxgel thad dboatrd. | mvet, ard a
strained silicon. layer. [0037] A cross-section of the resistor 1.24 in

Fi gur e plefsfabiygargerd@pedodd 0 hiicrbe ITHRReslstd ma3ha® a KHHRyiBS sepértiné Sapt, dpody,
formed on a portion of the substrate 126. The resistor body 128 can be

def i nednh itk S@bas doftindily t46d MiHeSr HERudsh reliftgrsshal | ow trench i sol-ation -
structures 130 shown in .

[0036] - The example in Figure 3 illustrates a bu]]{.serﬁicoggqpﬁqg s@étrat@ lgﬁ‘,‘rggeférgbly a
bulk silicon substrate. However, it is understéod that other substrates such as semicéndﬁator—oa—
insulator (3 OI) substrates majf‘élso be uséci. For example, the semjconductor—on—in,‘s{uiatof
substrafe canbe a sﬂicon—qﬁ-insulator substrate having a silicon 1,ay€:;r overlying a silicon oxide
layer, said silicon oxide layer overlying a substrate. Tﬁe silicon layer in the sﬂicon—on—insulatér

substrate may be a relaxed silicon layer or a strained silicon Iajfer.

[OO3ﬂ A cross-section of the resistor 124 in Figure 3 shows a; dopedbody fegion 128, al‘so
known as a zesistor body, formed on a portion of the substrate 126, The resistor body 128 can be
defined by isélation structures, such as the shallow trench isolation structures 130 shown in
Figure 3. The doping ty-pe of the doped body region 128 is opposite to the doping type lof the
semicondﬁctor region 138 immediately underlying the quy 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%




Figure 3. The doping type of the doped body region 128 is opposite to the
~doping type of the sem conductor region 138 i mmedi ately underlying the
body region 128. For exanple, 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
aver age dopi ng concentration of the f sistor body 128 may be in the range
of 1016 11 to 10r9 cm. A conductive material .can be fornmed to provide
contacts 136 to the termnals of the .resistor 124. [0038] The strained
channel i-5t . of Fi.gure 3.conprises source _and drain.-regions 140~
on oppogoit {103%3’? deng%ngg%N% H“ﬁ%ﬁgrca? Bﬁ%ﬂ“@%&?owﬁﬁéo%%ﬁgﬂo e frrenalsed thet or med
froma Lﬁéﬁﬁ_é§eniconductor material 126, is covered by an overlying gate
di el ectric g%f A gate electrode 148 overlies the gate -dielectric 150.
The gate el ectrode. 148 material can be poly-crystalline silicon,
pol y- cr {0988l | i r'i[&e@ﬂrziiﬂxd&%ﬂatﬂ@lrtfﬁﬂ&tm32.’5?13@{1%’3 ! ﬁééii}cgu 'Anhﬁ}ague% iogs?t allic

In one or

nitrides, or conductive Metallic oxide.” Spacers CONnsi s

nmor e di @40est don6sigBd BE | f n the . si.dewal Ls of .t he gate.
el ectrode 145?.P %@%F%&gﬁe&%{%@gﬁ%c eé%%“ﬁ“&?ﬁ“ﬁ%g%%ﬁé%ﬁ% oitpri se a
second gem . rial 2. The, ,second . sem conductor material 162
my ey e A Al e i Sverals o SV G IeraRe 10, b St H5m 1o
nat ur al so‘Lemets" ce éodrﬁtant gf the first material 126. A silicide 174 -~
over| ay@ the are eI ble Thugriadertriel Botatwial eande geliroystadiiesilisond0 .. I'n
contrast, -the doped region constituting the resistor body 128 is not :
si i ci R FSALIRFEOR ssrpangin. mesls matillis silicjdeq 3@jallRniimides) besnddictivie pr-esent
invention can also be applied to a resistor of the type taught in
co- pendPAglisgpide.cBpacern | Beeonsibtingof o0k Gfiofe Belbotrit napdalbaptfamaon?® 2003 .
(TSMD3-:0553), - which application is incorporated herein by reference.. |
Usi'ng tHéevwnds hiills gataelgtttod 4% Mportid of thed @8ic hed drfidRediéhs 190 B&Hprsea .
simul taneously with a strained channel transistor. '

second semiconductor material 162. The second semiconductor material 162 may have a second.

- maturallattice constant that is different from the natural lattice constant of the first material 126.
A silicide 174 overlays the gate electrode 148 and the source and drain regions 140. In contrast, _

the doped region constituting the resistor body 128 is not silicided to maintain a high resistance, -

[0039]  Principles of the present invention can also be applied to a resistor of the type taught
in co-pending application Serial No. 10/667,871, filed September 22, 2003 (TSMO03-0553), -
~ which application is incorporated herein by reference. . Using the methods taught herein, this

resistor can be formed simultaneously with a strained channel transistor.

{00401  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 manufacfuring 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



[ 00401 The present invention teaches a nmethod of formng the strained
channel transistor 132 on the sanme sem conductor substrate 126 as the
conventional resistor 124 using the sane fabrication or manufacturing
process. [0041] Referring nowto Figure 4a, a process flow show ng the

met hod of manufacturing a resistor v;rith a strained channel transistor is
descri bed. A sem conductor substrate f26, preferably a silicon substrate,
is provided and .isolation structures 130 are fornmed to define active 12
regions in the substrate. The isolation structures 130 nmay be fornmed using
st andaragichal thoswbstraim CFheiissltien stmntuyss d3kmarte fofrend usiea signdrd H8HYW i si ng t he
steps of etching trenches with. depths-in the range of .About 2000 to about
6000 amngsdhrimimion ardestds| fot exgmblecokpeisiafthe stapt of echingdmndlies with depghs idi el ectri c
mat eri al -by chem cal . vapor deposition, for exanple; to give the. )

Cr 0SS- #RGhAgRBT FouSIWORo abioft BD@AHpEtrdhs, anblitiy @8 ebnchéd withegraicefiBimgri ¢ may be
silicon oxide, for exanple. lon inplantation may be .perfornmed to form

n-type d?efég&gma%ﬁav ohBhch Jaﬁ&iag iR 0b: SRR to ek BodacdHbaWSshot0  act i ve

regi ons: i.rst active region 142 where "a conventional resistor 124 is to
be forned, an second active region: _ : r 'Iﬁﬁ%hiﬁﬁgﬁlﬂ
transi gf%gurf%g. ?}%e-?%lc%gﬁf]%giﬁfg%m?ﬁgg%%é%ﬁ\%ﬁgogﬁxﬁgﬁfg 216 ght .- be of the sane-
conductive type as each other_or the . be, of .diffesent tivity
vnea mgibe pbRGEET 1o PampaiRe g R Yo B wOEr, TR e SERRMEL UL
t hese regi ons- have not been formed yet. [0Q0421 A gﬁhe s&)agk--l 6 i.S then
f or med aptiverpEonse a4 aeiive Fagionldg phere pagnvegtonahisHstor 1A B hedoritt: 204 he gat e
stack 146 conprises a gate electr ode 148 overlying a gate dielectric 150.
The gatsecond aitvk regd Hdwher distriiogsadhbnnetisamsisios d32%1s gutedomredk Thess 268%r | ying t he
gate el ectrode-148. The purpose of incorporating the gate mask 152 will
becone regiemrmipielb@\wf the same conductive type as each other or they may be of different, :

: conductivity types. Source/drain fegibns 140 are shown in the Figure 4a even though these

regions have not been formed yet.

‘[0042] -A gate stack 146 is then formed in the second active region 1;4_4, as shown in Fignre
4b. The gate stack 146 comprises a gate electrode 148 overlying a gate dielectric 150. The gate
stack 146 may additionally comprise a gate mask 152 overlying the gate electrode 148. The

purpose of incorporating the gate mask 152 will become clear below. -

[0043] The gate stack ﬁay 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 cher'nical' vapor
deposition. The physical thickness of the dielectric 150 may be in the range of about 5 to about
1-00 angstroms. The transistor gate dielectric 150 may employ a gate dielectric such as silicon
oxide and silicon oxynitride ‘OI' a high permittivity (high-k) gate dielectric, or combinations

thereof.



[ 0043] The gate stack nmay be formed by the follow ng process. A._gate
dielectric 150 is. forned in the second active region 144 using any gate
dielectric formation process known and used in the art, e.g., thernal

oxi dation, nitridation, sputter deposition, or chem cal vapor deposition.
The physical thickness of the dielecthic 150 may be in the range of about 5
to about 100 angstrons. The transistor gate dielectric 150 may enploy a
gate dielectric such as silicon oxide and silicon oxynitride or a high
pernittiﬁkaﬁ (-hi.gh-k) gate dielectric, or conbinations thereof. 13 [0044]
The hi gh?%%hi el e hightk ‘gﬂéﬁl@qlabﬂegabl}yénss apqualtivitytdf Virey tHoh 8| gh@efielddaan 8. This
dielectric can be one or nore of alum num oxide (A1203), hafni um oxi de -

(HF C2) , CHeerRe AT Bsep of elninthem ofctde QA O-) it Bk ik (HH) gafgjﬁf:ﬁ;xgm YedeZi T coni um
oxide (Zr@2), zirconiumoxynitride 3&ZrO\I), zirconiumsilicate %le S,

! i oxt de. (110 (s o amh e RS o S AL PR 0N )

titani um oxide -(1102), tantal um oxide > thereof. In
the pretieoniac silRaBIRHSEN i@k o9y digl.ect ri.e ks hafnium oxi de. The
silicon equival ent qoxil dtg %ﬁﬁl{l@%ﬁ@ggﬂd(gé%li &g']fm?}%ée @F@&?‘Hﬂ&%ﬁﬁ&%z%

pr ef er abfayinmesie Qs - ons, .nore preferably |less:than about
20 angstrons, aﬁg ev)téﬁa!amr'eég?ee e?r%)tzij'olO an@é‘%anf”f‘fé#f%o@tthwmﬁfﬁﬁé‘t rons. The.

hysi ca i NESis10f qL.ne dielectric 150 nay be Jess than -about 100
ot 1 gembddthdrt @1idﬁEGHF8§E§WH%HHd%Hgﬁﬁﬂéﬁﬂ&%@%*m®ﬁ@¢B@M$M®ven~ﬁnre-

angstrons, nore preferapry
prefera I t han. ut 20 angstrons. [0045] After the gate dielectric
150 is @%’g‘?‘%g‘? 5{%@%25@@@%@ ?ﬁi& Bp dout Hngetronishmorelpecferdipdsh tiad - over
t he gat e dielectric 150 layer. The gate el ectrode material 148 can be poly-
crystalf PH@&PE%”@BH’, ang §yepiagry prefdrablyessshdn about 1@engmimmrh%@iy@i|c§i, metal i ¢
silicides, netallic nitrides, or conductive netallic oxide. In the
preferre k‘@ﬁb‘éfdﬁ%ﬁbﬁn@ hE redeimtiess den B8t ¢ OMRIckiSRSs, more preferably less than

- about 50 angstroms, and even more preferably less than about 20 angstroms.

[0045] | After the gate dielectric 150 is f-ormed, a gate electrode maten'ai 148 can then be
deposited over the gate dielectric 150 layer. The gate eléqtrode material 148 can be poly-
crystalline silicon, poly-crystalline silicon germaninm, metals, metallic siticides, meta]]ir.;
nitrides, or conductive metallic oxide. In the preferréd embodiﬁlent, the electrode 148 comprises
_ poly-crystalline silicon. Metals such s 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, monBdcnum nitride, tungsten niiride, titanium nitride, and tantalum
| nifride, Metallic silicides may include, but will not be restricted to, nickel silicide, cobalt
silicide, tungsten silicide, titanium silicide, tantatum silicide, platinum silicide, and erbinm
silicide. anductive metallic oxideé may include, but will not be restricted to, ratheninm oxide
‘and indium tin oxide. )
[0046] The gate electrode material 148 may be deposited by coﬁvenﬁonal techniqu.es such

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



poly-crystalline silicon. Metals such as nol ybdenum tungsten, titanium
tantalum platinum. and hafniummy be used as the, portion of the top
el ectrode 148. Metallic nitrides may include, but-are not restricted to,
nol ybdenum nitride, tungsten nitride, titaniumnitride, and tantal um
nitride. Metallic suicides may incluﬂﬁ, but will not be restricted to,

ni ckel silicide, cobalt silicide, tdngsten silicide, titanium suicide,
tantalum sili-cide, platinumsilicide, and erbium silicide. Conductive

L R M e Sl e i o1

deposited by convenptional techpiques such ".as,chenical. vapor .deposition.
The gatpéﬁﬁ%]&a?eﬂé{gi%mﬁb&?tf%@rb © £yF E%W%ﬁ%%at B8R §° ?‘lené]fmﬁ4 silicon
and netal, followed by an annealing to forma netal silicide gate electrode
mat er i &Eposikiop ard phofdithogesly teehsiguass Xhe gate ek KB ETBRYCABIGRYESE ectr ode
148 material using conventional deposition and photolithography . ..

t echni cuesking Faterialg sitch appesknol BRiterkty, stlinoh ogddc:.(siﬁnmndwﬂisré?bdaﬂdmabml-ng ‘materials
such ‘as, -but -not limted to, silicon oxide, silicon-oxynitride, and silicon
ni t ri denitridd €Tigakr eblcacder 108l & tHehGtohed i platalket ptetng tpfasutie gtch processes

to formthe gate electrode. The gate dielectric 150 on regions not covered .

by the fak8iceITes kit dR1ld8 15@0:9&@5@@@1;%3@%9% palbR)ectrdddQ4T Is pAefesbigwn i n-
Figure 4c, a first mask material 154 is deposited over the gate stack’

-146.-IH§?&5& . mask material- 154 may be a dielectric such' as silicon
oxi de, silicon oxynitride, or silicon nitride, for exanple. In the
preferred enbodi nent, the first mask material comprises a silicon nitride
on il i[0@#7]oxi de shmvirt in Figayeetc, a fiS048L natsiaCidds drpositedraves tiegatelsBi s t hen
formed using deposition and photolithographic ' ’

146. The first mask material 154 may be a dielectric such as silicon oxide, silicon oxynitride, or
silicon nitride, for eﬁamplé; In the preferred embodiment, the first mask material cornprises a

~ silicon nitride on silicon oxide multi-layer.

. [6043] A sécond mask material 15 6 is then formed using deg;osiﬁon and photolithographic
technigues to cover the first mask material 154 in the first active region 142, while exposing the
fitst mask matéﬂai 154 in the second active region 144 as shown in Figure 4d. T}_:Le secoﬁd mask
material 156 may coﬁpﬂsc any masking material ‘_tﬁat is different from the first mask material

154, Tn the preferred embodiment, the second mask material 156 comprises a photoresist. -

[0049] An etching of the first mask material 154 in the second active region 144 is then
performned in the presence of the sccoﬁd mask material 156. The etching is preferably an
anisotropic etch done using plasma etching technigues. This resuls 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 156 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



techniques to cover.the first mask material 154 in the first active region
142, while exposing the first mask nmaterial 154 in the second active
region 144 as shown in Figure 4d. The second mask material 156 nmay
conprise any masking material that is different fromthe first mask
material 154. In the preferred. enbqgdi nent, the second mask nmaterial 156
conprises a photoresist. [0049] An etching of the first mask material 154
in the second active region 144 is then perforned in the presence of the

second d Bhefel T t chi is preferably an anisotropic etch . --
s febds g%?gnge 88 gboup%@fglg‘sftf‘ﬂ[’% tp 8kt {00 aettome e A Oﬁﬁgﬂal ners 158

done using plasma et ng~techniqu

bei ng f ¥RBG.39) h ate stack 146 in the second active region
144, as shomﬁ@inﬁéﬁgﬁfé%f%:.m%ﬁ@“@@@@ﬁ@°ﬁﬁ§%@%ﬁ@ﬁPmémmmﬁaaﬂﬂyﬂb&krenpyeq.at
this poj 0501 recess Wth depth d is etched in the source and drain
regions}B%gy%%§aﬁni Sgicgr Fustacefor thy gebsequen epigxylpcessconpl | shed by a pl asma
etch using chlorine and brom ne chem stry. The 15 depth d of the recess may

range f 00/ ]abodex50 seaB@se TR adcR | 0._.angstroms. An optional .anneal
may be perforned to facilitate sf@%gshl %Qgsrcé)ﬁlm%ﬁ}yt%o‘?%ﬁaﬁt}e RFrielEh - damage
as wel | fildtekedibd 8B Y6 he silicon surface for the subsequent
epi taxy process. [8051@@%%%@%8%’&”5%%% toespigatlgrgwh T is
epi t axi g 5 t .| east partjall fill the recessed region 160. This
can be ,?c%%?rrégl i sﬂes'%i&t?ébﬁ%m% F&@WJ\%@T@ {033Y; gIchegpisaltvapor fheositiop) Wiy pr ocess
used to.:per m.t he itaxial_growth may be chem cal, vapor deposition,
ultra- qﬁ?ﬁf}afcggn% ﬁli*ﬁ’ﬁl%?ﬁgarﬂoﬁ‘éqp%}&?!kﬁlnﬂé@@mrmk(cmmmgtam Tel ecul ar -beam
epi taxy, 'tThﬁ]éveﬁi taxially grown material's may al so extend above the surface
of the ChanhdIS P Eymaaridsmayse éxendabereshestictnce b8 the chatiel Reioa 16ALSAS SoUr ce
and drain structure (not shown). In the first preferred enbodi ment, the"-
second ‘SeNfEordursing meaiedisalice did @Riranpluta@s: Bbws Ih GRTHGHIBRAUM Wi th a

) | embodiment, the second semiconductor material 162 comprises of>siﬁcon gefmanium witﬁa

germanium mole fraction between about 0.1 and about 0.9. . In the second preferred embodiment,

lthe lattice-mnismatched zone is comprised of silicon-carbon with a carbon mole fraction of

between about 0.01 and about 0.04.

[0052]  The gate mask 152 covers the top portion of the gate electrode 148 so 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 sidewalls potentially results in an electrical short between the gate stack and the

 source and drain regions 140,

[9053] An optional cap layer may be epitaxially grown to cover the second semiconducto
materi?l 162. For example, the optional cap layer may éomprise a first semiconductor material
126, as shown in Figure 4. 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.



germani um nol e fracti on between about 0.1 and about 0.9.. In the second
preferred enbodinen-the lattice-m smatched zone is conprised of
silicon-carbon with a carbon nole fraction-of between about 0.01 and about
0.04. [00521 The gate mask 152 covers the top portion of the gate el ectrode
148 so that no epitaxial growh occurs on the gate el ectrode 148. The

| iner 158 covers the sidewalls of the169ate el ectrode 148 so that no
epitaxial gromh occurs. on'the sidewalls. Epitaxial growth on.the gate

el ectrode 148 sidewalls potentially results in an electrical short between
t he gatf@t5d} ackFaiodidghitazsad grooeh, detatdmaskh 1 52gin 68 femo4t]. THeQing] 158ramip | onal -
cap layer may bee: epitaxially grown to cover the -second sem conduct or

mat er i abtidfaly rdn@fe@xanpl e, the optional cap layer may conprise a first

sem conductor material 126, as shown in Figure 4g. The purpose of having
the cap |laver is to facilitate the subsequent formation of a |ow

resi st afal si | The paxiin grewnsfrorand sepand etragonductejimentsials 4196 206 162 054)

Fol | owi ng epitaxial growth, the ‘gate mask 152 can be renpved. The liner 158
can be respedtigeis thay treenwire doped G0E8dpetderingiht epitasial grogthoWiinflppesitas groawnsecond
sem conductor materials, 126 and 162 respectively, may be in-situ doped or
undopedheyunayrig doprel sabdetigntl pindgheddphats adtivatd oonecrapig thegihd\wnnealihhey may be
doped subsequently and the dopants activated using a rapid thernal

anneal ipitbess: ThOSAS Sopadtd $ia§ 8¢ Hird ARBNE P cIFRtBEal idH iFPHHGESh, Bismenventional ion
i npl antation, plasma immersion ion inplantation (PEl), gas or solid source
di f fusi;Qfe : ] , Eﬁﬁp I . s I i N i mpl ant
damage or g%fﬁﬂ?{u a@?ﬁ?n an” %ﬂg%%&;ﬁ%@%&v@,t roﬁg’ﬁt’?g’“ b@%%l?%ﬁ%qﬁeesx%g%ﬁre to
glog\éat t%g% Es%g?ne{hgtal"ér E%y j_tﬁblzﬂt Eia%}:lag% %9!:113'181"5?312&1:1%%'&1@%& a%%gale%eih'rfo{léhsé[ubgeeq{léqr med to

“exposure to elevated tempemnneé. A first shallow implant can be first pérformed to dope the

shallow regions of.the resistor body 128 and to form the source/drain extensibns, 140 of the
' traﬁsiétor 132, as show]; in Figure ;.]1_. . - T
[0056] A spé.cer 170 is then forn:-led-, fo‘llowea bya seconc-l_ and deeper implant.. The second
* implant addiﬁona]ly dopes the resistor body 128,-and also forms the deep source and dIam
regions 140 of the strained channe] transistor 132. The structure formed at this stage is éhown in
Figure 4i. | |
[00‘57,] The resistance of the source and drain in the transistor can be reduced by strapping
the source/drain_ regions 140 with é si]jcid; 174, e.g., using a self-aligned silicide (salicide)
process, or other metal deposition process. This is illustrated in Fipure 4j. A. mask, usually
comprising an oxide, is typically used prior to the silicidation proceés to cover portions of the
substrate where silicidation is not intended. For example, the oxide mask covers the first active
region 142 while,exposi_ng the second active region 144. A subsequent silicidation process

therefore forms silicides 174 on the gate electrode 148, and source and drain regions 140 of the

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



shal | ow regi ons of the resistor body 128 and to formthe source/drain
extensions, 140 of the transistor 132, as shown 'in Figure 4h: [0056] A
spacer 170 is then formed, followed by a second 'and deeper inplant. The

second inplant additionally dopes the resistor body 128,-and al so forns

t he deep source and drain regions 138 of the strained channel transistor

132. The structure fornmed at this stdge is shown in Figure 4i. [00571 The

resi stance of the source and drain in the transistor can--be reduced by

strappin th% aggrce/drain regions 140 with a silicide 174, e.g., using a

sel f ali Hsteruiie isdecated a W Hle A9 showh, QGRES | osition ,
process. This is illustrated in Figurgﬁﬁf%g%m%ggg%n%%%%%w&ggﬁ%nprising'an _
oxi de, isdicidgtirinqadekys. used prior to .the silicidation process to cover ;
portions of the, substrate where silicidation is not intended. For -~ " ;
exanple,(§§§ o§hde mask covers the first active region 142 while exposing

the secol ctiﬁgtﬁéaﬁﬁﬁﬂ@mmpphygdﬂéaqybmﬁnﬁ¢¢ﬁﬂbd@ﬁb?ﬂmﬂ&&ﬁﬁﬁﬁof&herefore
fornms silicides 174 on the gate el ectrode 148, and source ‘and drain regions

140 of PREVASPenE, sishowein Higansk. SCokacditlos 180k e RRtHHA fdigntip formed 10

the first a;ilxe rﬁglon 142 where 17 the resistor 124 is locdted. While not
shown, P&SIVaognaytRW/ec toh tBadbnhaet 14<h bl .Gl i.0n process.

[ 00581 ngt, a contac?mgfgh st op Iayé%S%§2Q%%§%bg&?%P%%@%gékpﬁ' by the
deposi t. fibed iofo tize copashiolat §oR / ¥ own_in Figure 4k. Contact
hol es 180 are then etched thfgﬁgﬁﬁgﬁégeﬁgggﬁg%ﬁggaEF5§2¥E§H@E“§¥nging on

t he conbmﬁelgmm@tl@paslsﬁ&%m r%?'mﬁ conductive material is then filled into -
the ¢contact holes 1.80 to fornfconductive contacts to the resistor 124.and .

t he st r;ﬁ)ioggﬁd channel transistor 1-:32 as shown in Figure 41.
’ I the first embodiment, a resistor and ‘strained channel transistor-are integrated into -

asingle device. In the next embodimert, 4 strained change] iransistor is integrated into the same~
chip as a non-strained channel transistor. Since the use of & contact stch stop over the non-
strained transistor could result in strain, in this confext, a non-strained channe] transistor is meant

fo include a transistor that is not strained using source/drain stressors.

100607 The second embodiment will be described in the cotitext of an integration flow is |
described for manufacturing an improved CMOS device. As 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 by a selective epitaxy process thereby creating a stress in the

channel of the transistor between the soﬁrce and drain. The larger lattice spacing creates a

Compressive stress and the smaller one-creases a tensile stress.

[0061] Compressi_ve stress improves carriér mobility of the PMOS transistor and degrades

- carrier mobility of the NMOS transistor, as shown in Figures 5and 6. Itis an objective of
certain embodiments of thlS invention to separate n-channel and p-channel transistors by _
engineering the nature and magnitude of the strain in the channe! region of the transistors. Itis -

desirable to induce a compressive strain in the channe] of the p-channe] transistor in the source-



[0059] In the first enbodi ment, a resistor and -strained channel transistor
are integrated into - A single device, In the next enbodi nent, a strained
channel transistor is integrated into the sanme'" chip as a non-strained
channel transistor. Since the use of a contact etch stop over the non- '
strained transistor could result in shrain, in this context, a non-strained
channel transistor is nmeant to |ncIJ e a transistor that is not strained
using source/drain stressors.. [00601 The second enbodi nent will be
described in:the context. of ‘an integrati-on flowis. described for
nanufaﬁﬁhmndgmﬁnnmmbmmme&n@NESdeVDﬁ@enABMMQﬁmnﬂﬁnmﬂEwﬂbmd@EMdnm dr am
regions are etched and thenrefilled of silicon, geranium carbon, or
conbi natlicensetsieseofin thEkRanak] dﬁhelnSchamﬂ)ﬁﬁdsistbﬁmhe tdueceliayieiin difec8dd i con by - a
sel ective epitaxy .process thereby creating a stress in the channel of the
tran5|@ﬁnﬂmﬂeﬁﬂgﬁ&mkhgm%Qﬂ&ﬁgl@ﬁ@m@fa|n The larger lattice spacing creates.
a conpressive stress and the smaller one creases a tensile stress. [0061]
Cbnpre55|ve stress inproves carrier mobility of the PMOS transistor and
degr ad®862]c ar Ainsthenmspieired epboflinmentof vaseseptinsntieteachess mbBohof n Fi gures 5
‘and 6. It is an objective of certain enbodinents of this invention to
separa@@%ﬁﬁuganhaﬁcammﬂmamhamnameﬁﬁnmmmtmmﬂmmmnq@ngmmemnum@ t he - nature and
magni tude of the-strain in the channel. region of the transistors. -It is'
desiramgﬁmmmxhﬁdmﬁanajmggpressive strain in the channel” of the p- chancel

transistor in the source -' 18 to- drain direction and conpressive stress
free ob tge n.-channel transistor. is also desirable to i nduce a
t ensi | W06k  oiRefermingnow te Fighrel. a@?“%sﬁéiowﬁé%‘ﬁiﬁ&@!e mehpdof SREwiastEring e -

source-to-drain.direction and tensile stress free of the p-channel
t r ansi 8faéned channg g@egistam of dtipls cerfdugticad yrsavitintieintal dferadnigon gficeient i nvent i on
teaches a nethod of integrating strained channel transistors of nore- than
one comdbubtyl ipfestyipd. Wisthicniduictoasubstrate 200, preferably a silicon substrate, is provided

.. and 1solat10n structures 202 are formed to dcﬁne actwe regmns inthe substrate. The 1sola110n

structures 202 may be formed usmg standard shallow trench 1solat10n (STI) processcs for
eXample, comprising the steps of etching trenches w1th dcpths in the range of about 2000 to
about 6000 angstroms, and filling the trenches with a trench filling dielectric material:by
chemical vapor dcposition fo give tﬁe cross-section as sj:lown in Figure 7. The trench filling _l
dielectric 202 may be silicon oxide, for example. Ton implantation may be performed to form n-
type Weﬁ tegions 204 or p-type well regions 206. Figure 7 shows two active regions: é.ﬁrsf :
active region 208 where a p-type strained channel 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 coi:nprisc a hard mask 218 overlying tﬁe
gate electrode 214. 'I'he_ 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

used in the att, e.g., thermal oxidation, nitridation, sputter ‘deposition, or chemical vapor




degradation of carrier nobility. [0063] Referring nowto Figure 7, a
process flow show ng the nethod of manufacturing strained channel
transistors of nultiple conduction types with m nimal degradation of
carrier mobility is described. A sem conductor substrate 200, preferably a
silicon substrate, is provided and igolation structures 202 are formed to
define active regions in-the substrat'@ The isolation structures 202 may be
formed using standard shall ow trench i sol-at i on (STS processes, for exanpl e,
conprising the steps of etching trenches with depths "in the range of

about - 2800ike TIRHA .and' | li.ng Lhe trepches. with a
trench fi |1|t1| ng di e%ﬁcét rl gne%g?ﬁfrné gﬁgngQ%%%ﬁ%aglbe %FW@BE@ nto give -
the cr gt ho n_Fi . The trench filling _dielectric 202
" may beQET%I i conT]% thﬁwl%]c %l\évaéé rgp %y 6ﬁ°r’i"?ﬁ51°5ﬂtg§? ﬂ@?‘?cﬁg&ﬁ“@é&‘sﬁé}cﬂ%r nmed-te. -
formn- I 04 or . ty e wel l ons 206. Figure 7 shows .
t wo acti(@égnﬁlegf%%gxm% qré‘ 81 eI ighoR %@@e%ﬁmceoﬁoplbmapensst rai ned .
channe)bBtr nsistor is to be forned, and a. second active region 210 vvhere

an n-t ®thannel- transistor is to be formed. [0064] A gate stack 212_,‘,i.s
then f.orned in the first ‘and second active regions 2081210, as shown'in

overl g X he e LB e Hee Bl AU et by GEP s B B il gt o

el ectr ate 1 The gate dielectric.216 is
for rredeﬂlgie% a%&%wﬂ&gﬁnﬁlg (‘gj ﬁgelw.é:ﬁr@ﬁmé 8@@%)511@?%’6}%@% deysed i n t he
art, e rmal i.on, nitridation, sputter deposition, or chem cal
vapor ?gfogg I}”f[P Bl}'\cate‘lﬁ%z&%%’if@&%un% PHIdeKAE LY ZEeoniuTe OmitEdel (Ze0BDL r i ¢ 216. may
be in t.he rFf’a?%f of to .100 angstrons. The gate dielectric 216 may enpl oy
a convEfrY cﬁtﬁt@sﬂ?@wﬁ@kﬂﬂl%ﬁg 19sh danthialumoaide (baOg carnah stillé Cedy),

oxynitride or_a hi %h permttivity (high-k) gate dielectric, or conbi nati ons
_ titanium oxide (TiO tantalum oxide (T'a,0s), or combmanons thereof. In Lhe preferred ~

embodlment, the high-k dielectric is hafnivm oxide. The silicon cquwalcnt omde. thlckness )
(BOT) of the dielectric 1_50 is preferably less than about 50 angstroms, more preferably less.than
about 20 angstroms, and even more preferably less than about 10 angstrom;s. 'i‘he physiéal
thickness of the dielectric 150 may be less than about 100 angstroms, more ﬁrefcrably Jess than

about 50 angstroms, and ev:ﬁ more preferably less than about 20 angstroms.

[0066] After the gate dielectric 216 is formed, a gate electrode material 214 can then bé
ldcposited over the gate diélectric 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 comprises
_poly—érystauine silicon. 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, titanium nitride, and tantalum
nitride. _I\/Ie’_cal]ic silicides may include, but will not be restricted to, nickel silicide, cobalt

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



thereof. [0065] The high-k dielectric preferably has- a permttivity of

| arger than 8. This dielectric can be one or nore of al um num oxide
(A1203), hafnium oxide (H O2), hafniumoxynitride (H ON), hafniumsilicate-
(Hf Si &), zirconiumoxide (ZrQ2), zirconiumoxynitride (ZrON), zirconium
silicate (ZrSi &), yttrium oxide (Y203), |anthalum oxide (La203), cerium
oxi de Ce@®2), titanium oxide (Ti @), 2antal um oxi de (Ta2C5), or

conmbi nations thereof. In the preferred enbodi ment, the high-k dielectric is
haf ni um oxi de. The silicon equival ent oxide thickness (EOT) of the .
di el ectsilicile160ndustiemetBlicalxidés b Schubd BuBin Wbt baQe st th AiMeniiRogidRr ef er abl y

| ess-than about 20-angstrons, and even nore preferably | ess than about 10
angst r eadindhbeiphysi cal thickness of the dielectric 150 may be | ess than
about 100 angstrons, nore-preferably |less than about 50 angstrons, and
even nopre ﬁ)r eferably | ess than about 20 angstrons. [0066] After the gate

di el ectP46¢] 216l hegateslentalle materigh?ld redyése tiepositedrm envieationalldchmied fueln be

, deposited over the gate dielectric 216. The gate el ectrode material .214
can be ageepridabegondepogiiiny The yait elbdtione? Bl thayG be Bérhéd 67 s ldapdsitig ofi | i con
germanium netals, netallic silicides, netallic nitrides, or conductive

met al | istticoncind enetdl TolldWd BY &8 Site 181300 B Metal Eﬂﬁd@%ﬁ@&lﬁ%@e fhRAGOTPT | Ses

pol y-crystal line silicon. Metals such as nol.ybdehum .tungsten, titanium - . -

tant al yHerikdkia itk 01630 theh A-HeN B3 Yot Bt Al RORE bl LD 1 OP,

el ectrode 214. Metallic nitrides may I.nc ar.e estricted to,

mol ybdenuehdid L ihd e L Mngsten ni tr titaniumnitride, and tantal um

ni tri dg. I\/E?(B%ﬁhg%gﬁ@%?'d%% %eym?skgﬁ%@@:e PY (RO TSR BAEARg i cted to,

ni ckel silicide, -cobalt .silicjde, tungsten silicide, titaniumsilicide,

t ant al tﬁ?h‘ﬁeg flgig%cﬁd‘é’?mbl}oéhnﬁﬁ#ﬁ%? §og;ogicle: Sﬁwan eHBIte 2wl sliqop @jtade. Tsnduct i ve

netal i c oxi d%s may include, but wll not be restricted to, ruthenium okide _
gatceccp'o 62l4-1s _then etched nsing plasma etc]; processes to fprm the gate electrode. The, L

gate dielectric 216 on regions not covered by the gate electrode 214 is preferably etched away. - .

[0068]  As shdwn in Eigure 8,2 disposable film 220 is _formet;c_wer uthe.ﬁ_tst and second
active regions 208/210. The-disposabie film may be a dielectﬁc film formed using a chemic;al -
vapor deposition process or sputter deposition. The 'ciispoSable film may coruprise oxide, for
example. In the prgfenéd embodiment, the di.sposable film 220 is Eetwéen about 10 and about

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

[0069] A first mask matgriai 222 shown in Figure 9 is deposited over the first and second
active regions 208/210 may be silicon oxide, silicon oxynitride; or silicon nitride. In the
prcf;ned embodiment, the first mask material comprises 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



and indiumtin oxide. [0067] The gate el ectrode material -214 may be
deposited by conventional techniques such as chem cal vapor deposition..
The gate el ectrode 214 nmay al so be formed by the deposition of silicon and
metal, followed by an annealing to forma netal suicide gate el ectrode
material. A patterned hard mask 218 is then forned on the gate el ectrode
214 material using deposition and pﬁﬁtolithography techni ques. The gate
mask 218 nmay enpl oy conmonly used masking materials .such as, but not
limted.t.o, silicon oxide, silicon oxynitride, and silicon nitride. The
gate el EEFrELECR e fry maslematetia Rl shagedhassmboaineh MeAE&Sa85sL O form t he.
gate-el ectrode. The. gate dielectric 216 on regions not covered by the - =
gat e el BékFgdempiissa shaiore§igr abl y et ched away.. [00681 As shown in Figure 8, =~ -
a disposable film220 is-forned over the first and second active regi ons :
208/ 210 di g able filmmay be a dielectric filmforned using a

chenic a{ooﬂﬁgpo r&pg%% c&iﬂ?} st agk waisrigd 223 p the saconfierotiss i gion 210 ehetli Sposabl e
filn1na%1ﬁpn8{j oxide, for _exanmple. In the preferred enbodi nent, the

di sposabi'e f11 h2AePucet thpseandieitmaeiah 2. Aheutching B0ReBRAGRLRHOMS t hi ck,

and nnrﬁﬁgfeterably bet ween about 10 and about 200 angstrons thick. [00691
A first HRERPiTEICE dpngiusipg plaswstehingreffingiiee Fhid Sodie chﬁéﬁo@m@sgﬁéexé ge first and
second _active regions 208/ 210 may be silicon oxide, silicon oxynitride, or
si | i contifft $26deing formphediacentad Gkl saEbOD iﬁ’%{étﬁrsttab@vefréé’i?& 20HBS terial
conprises a silicon nitride on a silicon oxide nulti=Tayer. g%%ﬁﬁ‘FigUre
10 showdigaedécond nmask material 224 forned over .the second active region
210 usi ng deposition and photolithographic techniques to cover the first
mask j-al 2 in_the second active reg ion 210, while exposing the
first ”ﬁgg‘(‘(i] mat é&jﬂaﬁhe gisposahle spaeers 236gwe Boned escemeld Bions 228 are etched in the -~ -

active area substantially aligned with the disposable spacers 226. A-silicon etch ¢hemistry can =~ -
be used as discussed above. The second mask ‘material 224 may be removed after etching.

[0073]  Next,as shoxyn in Figure 12, second semiconductor material 230 is epitaxially grown.

to at least partially fill the recessed region 228. This can be accomplished vising selective
epitaxial growth (SEG). The epitaxy procéss‘ used to perform the epitaxial growth may be -
chemical vapor depositién (CVD), ultra-high vacuum chemica;l vapor deposition (UHV-CVD),
or molecular beam epitaxy (MBE).' The epitaxially grown materials may also extend above the
surface of the channe] region 232 of the second active region 210, forming a raised éource and
| drzun 230 structure as shown in Figure 12, Tn the second prefcﬁed embodiment; the second
semj'conduct_or material 230 comprises of silicon germanium with a germanium mole fraction . . .

between about 0.1 and about 0.9, In the second preferred embodiment, the lattice-mismatched -

Zone is comprised of silicon-carbon with a carbon mole fraction of between about 0.01 and about ,. '

0.04.



CD M 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 mask naterial conprises a
photoresist. [0071] An etching of the first mask material 222 in the second
active region 210 is then performed,in the presence of the second mask
material 224. The etching is preferagP ani sotropi c etch done using

, pl asma et ching techniques. This: resul ts |n di sposabl e spacers or liners

?SS bg@@tﬁ@%”?% ﬁ%%%?gisﬁf%f% Vit t%%%ﬁ‘;%%d%a B8Rkl 226 S?%O”
228
AT oo Mo SR - p gt Beiee cpHe 2 bot Gkobrfle B B SRR "o e

used as di scussed- above The second mask material 224 may be renoved after .
et chi ng&OViieB HegaRekecrode 244 §AHMSi n Fi gure 12, second -semi conduct or
material 230 is epitaxially grown. to at Ieast partially fill the recessed

regi on Thi ngu gﬁﬁ;{p h e izh@%ktstinag owt h
( SECT) . [%g%g epF?%xy proce useébf%%ggéégo?%dfsﬁdéﬁggﬁﬁ% al groswth may be

chem c i um chem cal vapor

deposi %ﬁﬁ#%‘%ﬁ%@eﬁ f8m£ %e%:tat(ét {)h%am ep‘tg%g)q(% (MBE). The epitaxi al I y
grown materials may al so extend above the surface- of the channel region
232 of mhéﬁ]seco?heiepatemﬂlﬁormejgﬁﬂnzoo&kﬁ;coﬁ@bmfngteaals aiag belinsgtudogedamnd drai n 230
structure as shown in Figure 12. In the second preferred enbodi nent, the

second yepad E@pmﬁﬁl Shk@l Ifztfn@o%e@répﬁﬂoﬁﬁsit@lﬁyﬁe ddpe@subgRnemlyi g Wi th a
germani um nol e fraction. between ut 0.1 and about 0.9. In the second

preferrgd d@pm@ ALl usih N ErabAtidrEar Ah SRS £4368s. The dopants may be introduced

L.

' by oonventtonal ion implantation, plasma immersion ion unplantatzon (PIII), gas or selid source
dlffusmn or any other techmques ]mown and used In the art. Any m:tplant damageor . -

amorphlzattou can be’ annealed through subsequent exposure to elévated temperatures

{0677]' Figure 14 shows the semi.conductor deviceea.fter further processing.. A first shallow |
implantation can be performed on the structure of Figure 14 to dope the shallow re gions of the
' first and second transistor source anct drain regions and to form the source/drain extensions, as ._
shown in Figore 14.. |
t0078] Spacers (including regiotls 244 and 246) are formed on the sides of the gate electrode
| 214. Tn one example, the spacers may be formed lsy chemical vapor deposition of a dielectric
material, e.g., silicon oxide or silicon nitride, followed by an anisotropic etching of the dielectric
material to form simple spacers. In the exemple of Figure 14, the spacers are composite Spacers.
A composite spacer may comprise a dielectzic 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 ozide, and

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



‘zone is conprised of silicon-carbon wwth a carbon nole fraction of between
about 0.01 and about 0.04. 22 [0074] The gate mask 218 covers the top
portion of the gate electrode 214 so that no epitaxial growh occurs on
the gate el ectrode 214. The di sposable |iner 226 prevents epitaxial growth
on the gate el ectrode 214 sidewalls. J,0075] Follow ng epitaxial growth, the
gate mask 218' disposable liner 226, And first mask material can be
renoved, forming the structure shown in Figure 13. [00761 The epitaxially
grown first .200.sen conductor materials maybe in-situ doped or wundoped .. . .
duri ng gu Siney 45 P prahndment, fhe dinercldé anza de gr oxise andithenpycebbody@dédnay - .-
subsequggth%ﬁgnd. t he dopants-activated using a rapid thermal annealing -
process. ¥ opants may be introduced by conventional ion inplantation,

pl asma. i nmersion ion inplantation .(Pm, gas or solid source diffusion, or

any ot hgy7oechnirge, DR, . d.in the art. Any _inplant damage or

anor phi gg)ti]gn can bgrcgnnea?lﬁelgb%%oﬁgg’ﬁaﬁ%ﬁﬁE@W&?é\@%}gﬁpés@%m& evated .

t enpera . Fi.qure 14 shows the sem conductor device after further
br ocese i etaigh WAL Lol S etah g S s Do VLo pRbaUmMSbofopeRe -
struct u[s%sg;]‘i Igi %&rﬁq?m to dgope the shall ow regions of the first and second
transi stor sodr BESHRES §F arnbinagpwelbotin IChe sotres anddren weionsfok teatoond . -
extensipns, a hown in Figure 14. [0078] Spacers (including regions 244
and 246yangpsier i%fk #S?élaeddw using iosi inplentationt wislegaveing tedirstomesistd 286, Ihmene =
exanpl e, the spacers may be fornmed by chem cal vapor deposition. of a -

di el ect PreTedembqdiment, aalopant suwh b tnon ioxiede AOfasgvatibe DRl 4B hd BRned Rkt Owed by
an ani sotropic etching of the dielectric nmaterial fo formsinple spacers.

I n the @x&rmphnsl séondiagiveaeglohs 2041B10Spacer s are conposite spacers. :

[0D80] A third embodimerit of the preserit iﬁvé,ntion will fiow be described with respectto- - ..
Figures 15-19. Figure 15 shows the structure of Figire 12 after further processing. In particuiaf,-z
. @ source/drain implantation step has been performed as described above. In this case, the
implanted dopagts extend thrbugh the second semiconductor rﬁaterial 230 into the first well

r_egion 204. In this case, the_ source/drain regions include second semiconductor mateﬁal 230 as

well as the doped portion 240 of the first semiconductor material 200.

[0081} A third protective layer 252 shown in Figure .1 6, preferably a phofore;ist, is then

formed using deposition and photolithographic tec.hniqucs to cover the fﬁst active area 208 while.., . -
exposing the ;ecoﬁd 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 region 210, as shown in Figure 16.

[0082] Doped regions 240 in the first semiconductor material 200 dre formed usixig 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



A conposite spacer may conprise a dielectric liner 244 and a spacer body
246. The dielectric liner 244 may be fornmed 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 23 ion etching. In another 2Hbodinent, the liner 244 may be an

oxi de and the spacer body 246 may b&'a nitride. [0079] The source and
drain regions for the first transistor 236 are-formed using ion

i mpl antation while covering the second transistor 234. In the preferred
enbodi preformed th doptaiasetirce st daris extensionregitre $p#ns thediry rodsce@dtiaputedn of bot h.
The source and drain regions for the second transistor 234 formed by using
i on i npdGAaThoRsuMiglsenaoy arshovgn Inffgufrd 15t transi stor 236. tn the preferred
enbodi ment, a dopaut such as boron is used. A passivation |ayer 248 is |

f ormed r e first apd second acti,ve .regions 208/ 210.;.... 80] Athird
enbodi W@%ﬁ of tF?ﬂ’fée ]@rsg% © RN dwl?ei'afﬁﬁg&ngg P%E%%bg‘gmﬁféaga%sjs pect .to
Fi gures 15-19. Figure 15 shows the structure of Figure 12 after further

pr oc esBRRIcinfoyaing p lintraf4 and aspasni4dendbasieesiohidr gwe aetks 41 SB BB been
performed as described above.. In this case, the "inplanted dopants extend
t hr ougimdt saepng cronsintbrs 236 3érmid Crmingrem eehistp 18048 wovrring the ffst ped sepeid regi on
204. In this case, the source/drain regions include second semni conductor
mat er i ghns@8s Z8%/23¢0el | as the doped portion 240 of -the-first seniconductor
material 200. [0081] A third protective |layer 252 shown in Figure 16,

preferably a photoresist, is then formed using deposition and
phot ol [Oﬁﬁ%br aphguee %Eav; @ alismes S@B%wc%tﬁ"éﬂefqlia%igpa%eef %‘@.@4@{9@’5%5% ‘whi-le. .
exposing the second active area 210. An etching of the first mask materi al
222 i nelithigated cOprpurpese ofitee spagsron ap aipbodimerd surdief HednamBgere Ittt ts in
di sposabl e spacers 226 being forned adjacent. to o '
example, is to mask the source/drain extensions (e.s., lightly doped drain) during formation. of
the‘hegyﬂjg .@oﬁgs;g‘soﬁr'_ce‘and drain region. As shown in Figures 16 and 17, however, th_cr heavily .
doped source and drain regions 240 are formed prior to the formation of extensions 238.
Accordingly, the Spacers’ are not needsd for this purpose. In another embodiment not ét_lown,
spacers or other sidewal! lines can be included that do not ahgn with the heavily doped source

and drain regions 240.

[0035] "The resistance of the gate, source and drain of the ﬁist and second transistors A
236/234 can be rediced by strapping the gate electrode 214, 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. These silicided regions are shown in Figure 18.

10086] In the two embodiments described, a strained channel transistor is formed in the
same substrate as a resistor and another transistor. In another embodiment, all three components

can be formed in the same substrate.




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

[ 0082] Doped regions 240 in the first sem conductor material 200 are forned

usi ng doping:. nethods described above. Any inplant damage or

anor phi zati on can be anneal ed through subsequent exposure to el evated
tenperatures. Follow ng a deep inplaag and- the renoval of the. spacers

226 of the first and second transistors 236/234, an additional shall ow

i nplant can be 24 performed to dope the source and drain extension regions
2380f b first and second transistors 236/234. The resulting structure-is
shown ! i gulrerther smpesmayts, pihef pompemntsivamae fommed with bo sitinedshangelvi-ce. - aft er
further processing. Additional steps may include formng a liner 244 and a :
s pac erTa%oR Fof erampleg e sapaditor sdesgrbas is hpeddnPdaplidation Séral Noridf627 2118, second
transistors 2361234, and form ng an etch stop |ayer 248 covering the first :
and sd&Bghiln25a2R03TENME3-R3%). 2dnoth@QRR4hplF aglisde ok ibtdh@vsdeadtivad infrddat e

enbodi nent where the spacers 244/ 246 have been elimnated: One purpose. of:

t he s pandingsapphcaion S0 MolTEN28 HUT; HIRSTUSIBM0NTEBY0Ss 53 4B 0th OF pe¥ANPl €, s to
mask .t he source/drain extensions (e.g.., lightly doped drain) during

f or matapgliva@ins atdiBeoR@AMEd NerdOh{ £EL-SOUT ' hQBm A wn in

Fi gurels)ﬂitG and 17, oweve?, tj);]e ﬁeav'i?@?ﬁgggﬁggﬁ%ggggg&g%déirozg% regi-en 240
are f QihmgPhhak; ! L f extensi.ong 238 - Accordingly, the
spacers are n&%ﬁﬁgg%%gﬁF@@'t P%ﬁgﬁgg%ﬁgf“F%ﬂéﬂﬁFﬁ@?ﬁ%ﬁﬁﬁﬁﬁ%ﬁﬁﬁ; not -shown,
spacer.s.: her- sideway |ines can be included that do not align with the
heavi Isga%%dpcg%ms%({)tﬁ?né]é%ﬁand drain regions 240. [0085] The resistance of the
gate, source and drain of the first 'and second transistors 236/234 can be

reducéssy st immpiciegdithepeiticial, elif RSl bod s SRU Gfh AfdeflE & N T egi ons

 specific embodiments. However, various modifications and changes can be made by one skilled o
' in the art without departing from the scope of the preferred embodiment. Accordingly, the
specification and ﬁgur'es. are to be rcgarded in an illnstrative rather than a réstrictive sense, and |

all such modifications are intended to be included within the scope of the preferred embodiment.

{0089] Moreover, the scope of the-present 'app]ication is ﬁot intended to be limifed to the
iaarticqlar embodiments 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 re'ad_ﬂy
appreciate from the dJ;sclosurc, of the preseﬁt invention, processes, machines, maﬂﬁféctuie,
compositions of matter,- meaﬁs, methods, or steps, presently existing or later to be developed,

that perféxm sub;tantia]ly the same function or achieve substantially the same result as the
corresponding émbodiments described herein may be utilized according to the present invention,
Accordingly, the aﬁpeﬁded claims are intended to include within their scope such processes, -

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



230/ 240 with a silicide 250, e.g., using 'a self-aligned silicide )
(salicide) process, or other netal deposition process. These silicided
regions are shown in Figure 18. [0086] In the two enbodi nents described, a
strai ned channel transistor is forned in the sane substrate as a resistor
and anot her transistor. |In another enfodinment, all three conponents can be
formed in the sanme substrate. 25 [0087] In other enbodi nents, other
conponents can be forned with the strained channel transistor. For

exanpl e, a capacitor is described i-n a pending application Serial No. .
101627N%HA§JSC£%M&QD |y 25, 2003 (TSMD3-0556). In another exanple, a diode
or lubistor is described in a co- pending application Serial No.

10/ 628,020, filed July 25, 2003 (TSMD3-0555). Both of these applications
ar e i ndor pobatmitoiiecter shilypmpefiegience. Usi ng. t he concepts taught herein, any .
of the structures taught in the co-pending applications can be forned in - .
t he same subsdofiedn@uA& stid@ate;st rai ned channel transistor, [0088] In the

f oregoi ng specification, the invention has been, described with reference

to specifigreiRAJL PBh YispdIOVBVIRY subdtehkd; OUS nodi f i cati ons and changes can be
made by one skilled "in f%e art without departing fromthe scope of the

preferred -eg‘g&gﬁmﬂgiﬁggﬁgg 'Sg}ghyheshgﬁraﬁspeci fication and figures. are to

be regarded-in an 1l trative rather than a restrictive sense, and all

such nDdificatiﬁﬁéﬁﬁé mﬁ%%%%%a%ﬁﬁé%ggF%Q%%ﬁ%%%%@ﬁéﬂ@¥ﬁ£§ (oe el M c]j the

preferred erbod € scope resent

appl i cg{?i on is not intended to be limted to the particular enbodi ments of .
t he pr F@?%@Wﬁ%ﬁ’ nuf acture, conposition of matter, neans, methods
and steps described in the specification. 'As one, of ordinar skilr in the
art will readmigedshprneliraptisonparedintheaprad adive eeions e &HE i nventi on,
processes, machi nes, manufacture, : ) : .

transistor including first and second stressors formed in the substrate oppositely adjacenta .

, "'stréined channel régi_on, 7
2. The chip of claim 1 wherein the channel region comprises a first semicenductor material

having a first natura lattice constant and the first and second stressors each comprise a second
semiconductor material having a second natural lattice constant that is different than the first

natural lattice constant.

3. The chip of claiﬁ:i 2 wherein the second natural lattice constant is larger than the first

natral lattice constant.

4, The chip of claim 2 wherein the first semiconductor material comprises silicon and the

second semiconductor material comprises silicon and germanium.

5. The chip of claim 4 wherein the transistor is a p-channel transistor.



conpositions of matter, neans, nethods, or steps, presently existing or

| ater to be devel oped, that performsubstantially 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,_ntended to include within their scope
such processes, nachines, nanufactuﬁ% conpositions of matter, neans,

nmet hods, or steps. 26 .WHAT IS CLAIMED IS: 1. "A sem conductor chip
conprising: a sem conductor substrate; a first active region dlsposed in-

t he subst r dfthe chia ofdaioriwixedin e sécogi @ural IapES@Asti is RRISUBSI A ca
resistor fornmed in the first active region, the resistor i'pel'u |ng a “doped
reglomMMUﬂdﬂdmuhﬁﬁMEen two termnals; and a strained channel transistor
formed in the second. active region, the strained channel  transistor .
|nclud|ng first and second stressors formed in the substrate oppositely

adj ac str.ai ped channel region. 2. The chip of claim| wherein the
channel’ re&PBﬁmBB WF§E§“%“$ﬁ?@?ﬂ§%ﬁﬁ3@ﬁﬂ@@ﬁ%ﬁmﬁﬁ$émmamﬂihawtmgfa first

nat ur al a%élce constant and the first. and second stressors each coenprise a
s ec ond**IP&ERTUCHR aRakerial coppptiess ilitoniradcmbora second natural lattice constant
that is different than the first-natural lattice constant. 3. The chip of
claim2 wherein the second natural lattice constant is Iarger than t he

first gat U"Iﬁl& chipbf {166 'F\Qﬁ%?éﬁ’fﬁ: transistor is an n-channel transistor.

9. The chip of claim 1 wherein the doped region has a dopmg type that is opposxte to a

doping type of a portlon of the selmconductor substrate underlymg the doped regmn

10.  The chip of claim 1 wherein the doped region has a doping concentration in the range of

about 10% to about 10" cm®,
11, "The-chip of claim 1 wheréin the doped region has 4 n-type doping.
12.  The chip of claim 1 wherein the doped region has a p-type doping.

| 13.  The chip o_f claim 1 wherein the transistor furth_er éompﬁse‘s a gate dielectric overlyiﬁg.

thp channel region, the gate dielectric comprising a high permittivity dielectric selected fromthe . |
group consisting of alﬁminum oxide, hafnium oxide, hafnium oxynitride, hafnium silicate,

zirconium oxide, zirconium--ox-ynitrid"c', zircoﬂiumsﬂica.te,'ymrium oxide, lanthanum oxide, -

cerium oxide, titanium oxide, tantalum-oxide, and cornbinations thereof. -

14. The chip of claim 13 wherein-the transistor further comprises a gate electrode overlying

the gate dielectric, the gate electrode is formed from a material selected from the group



4. The chip of claim2 wherein the first sem conductor material conprises
silicon and the second sem conductor material conprises silicon and
germanium 5. The chip of claim4 wherein the transistor is a p-channel
transistor. 27 6. The chip of claim2 wherein the second natural. lattice
constant is smaller than the first tural lattice constant. 7. The chip

of claim2 wherein the first sem condtctor material is silicon and the
second. sem conductor naterial conprises silicon and carbon.. 8. The chip.of
claim7 wherein the transistor is an n-channel transistor. 9. The chip of

cl ai m konhigine ofipdlrerysiaiiecsit@g) wiy-tragalincdipiongetmapiam; haktal, s mepbiosi te to a
dopi ng type of a portion of the sem conductor substrate underlying the :
doped rn@t@dammelﬂhcslﬁtﬁdecmﬁtamfc ofidaiaam bonffiedtehdthérbe. doped regi on has a doping.
concentration i-n the range of about 1016 to about. 1019 cm 3. 11. The. chip
of claim1l wherein the doped reglon has a n- type doping. 12. The chip of
clai m 1 _wherein the doped region has a e in The chip of claim
1 vvherellsn t H&e £iBA WI%WRWW%PE%?P&W%%‘%QR 5%%&%@#?%0%? Vi ng.

the channel region, the gate dielectric conprising a high permttivity

di el ectsab¥raisel ect ed from t he group consisting of alumi num oxi de, hafnium
oxi de, hafnium oxynitride, hafniumsilicate, zirconium oxide, zirconium
oxynitride, zirconiumsilicate, yttriumoxide, |anthanum oxide, cerium:

oxi de, fd tarrrh# %8 \A%(gfﬁlenl 1;@15&%@35 &@s%cgﬁuctg?&bs ‘PJUB @ﬁ&e’s RSt ORNR&sf on-14. The

chip of ¢l ai e transis urt onprises a gate el ectrode

overlyi ate dielectric, the gate el ectrode is formed froma-
mterlﬁgéat?régg?%ﬁgfromthe group - o

17. A mé;ho& of formiﬁg a semiconductor chip, the method compris_ing:
.' providing a s_c_:ﬁiconductor region COMmMPprisin ga first semicondgctor material with' ﬁ first
A natuﬁél'lét‘t"i‘éé‘dc_ihé‘fﬁﬂf;’ R B

forming ﬁr.st and ;o,econd _aétive regioris in the semiconductor region;

formiﬁg a gate stack ox;er the second active régjlon;

forming a maslung Iay;er over the first actiwlre Tegion;

after forming the masking layer, .forming at 1ea:.;.t one recess in a portion of the second
active ?egiou-'not covered by the gate‘stack;

grov.:-fing a seﬁon& seﬁcondﬁctor material in the at least obe recess, the second
semiconductor material having a second natural lattice constant that is different than the first
natural lattice constant; |

forming source and drain regions in the second active region to form a strained channel
transistor; |

removing the masking layer; and

forming a semiconductor component in the first active region.



28 .consi sting of poly-crystalline silicon, poly-crystalline
silicon-germanium a netal, a netallic nitride, a netallic silicide, a
nmetal lic oxide, and conbinations thereof. 15. The chip of claim1l wherein

t he sem conductor substrate conprises a bul k sem conductor - substrate. 16.
The chip O claim1l wherein the seni%@nductor substrate conprises a

sem conduct or-on -insulator substraté” 17. A nethod of formng a

sem conductor chip, the method conprising: providing a sem conductor- regi on
conprisigg a first sem conductor material with a first natural lattice . . .
const ant® f6?ﬁﬁﬁ§wﬂPF§mHaHHW@E@mﬂds&pbf&ﬁﬁhg@hmm@hkamﬁB@h&&ﬂﬁ&gnductorr_ '
region; formng a gate stack over the second active region;, formng a -
maski ngCImaRpess thesiepsohe first active region; after forning the masking. ..

|l ayer, forming at |east one recess in a portion of the second active ™~
region not dowengtenbles tdéergatie astdeksiod! OW Ng a second seni conduct or
material in the at | east one recess, the second sem conductor nateri al
having a sedilivg tﬂé:l&éhbﬁ’és\ﬂiﬁtat&eﬁ&fﬂﬁﬂggﬁlg@}iﬂlgﬁgt is different than the first
natural lattice constant; form ng sourcé and drain regions in-the second

active regi qapihgtgeg&meqeﬁén@ai ned channel transistor; renoving the masking
|l ayer; and form ng a sericonductor conponent in the first active region.

19. . The method of claim 17 wherein forming the second semiconductor material compn'se's'

performing a chemical vapor deposition step.

20.  The method of claim 17 wherein forming the secbnd'sémiédndﬁétdr material comprises

performing a selective epitaiy step. |

© 21, The method of claim 17 wherein forming a semiconductor compdnent- comprises forming

- adoped region in the first active region to form a resistor.

22, The method of claim 21, further comprising forming-at least two electrical contacts that.

are electrically coupled:to the doped region.

23.  'The method of claim 21 wherein forming the doped region cémpriées performing an ion

implantation step.

24.  The method of claim 17 wherein forming the source and drain rcgions'compﬂses

performiﬁg anl ion implantation step.

25, The method of claim 17 and further comprising forming a cap layer overlying the second

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



29 18. The nethod of claim 17 wherein the step of formng 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. 19. The nethod of claim 17 wherein formng the
second sem conductor material conprises performng a chem cal vapor
deposition step. 20. The nethod of clP8i m 17 wherein. formng the second

sem conductor material conprises performng a selective epitaxy step. 21.
The met hod of claim17 wherein forming. a seniconductor conponent conprlseS'

for mi ng6. a dbpeethnéof diimi 17 WHBRI the Sdte FEKIME: ﬁ&ga%@a él&tr]fog% getreﬁ Wg%' stor.

The net hod of -claim 21, further corrpr|S| ng orm g at el ectrlcal
cont actgatetdivietric. are el ectricalty coupled to the doped region. 23. The

met hod of claim 21 wherein formng the doped regi on conprises perforning an
ion inplantation step. 24. The method of claim17 wherein formng the -
source nd g,gal n regl ons conprises performng an ion inplantation step. 25,
The ne ¢ methpdprckindg whereniibe gasostpkifeiingcdmqrisisngae neab ovaler over | ying
t he second sem conductor naterial, the cap-layer conprising the.first .
seni cofefistesteciedeeri al . - 30 26. The method of claim 17 wherein the gate

st ack corrprl ses a gate electrode overlying a

28, The method of claim 17 wherein the second natural lattice constant is larger than the first

natural lattice constant.

29.  The method of claim 17 wheram the first semiconductor material compnses silicon and -

the second semlconductor material compnses sﬂ1con and germanium. -

- 30. .T.’hc method of claim 29_ wherein forming source and drain .:fegions coxﬁprjscs P-tyﬁed

doped regions.

31, The method of claim 17 wherein the second natural lattice constant is smaller than the

first natural latuce constant,

32.  The method of claim 17 wherein the first semiconductor material is silicon and the

second semiconductor material comprises silicon and carbon. -

33.  The method of claim 17 further comprising a step of forming silicide on the gate 'stéck,

the source region, and the drain region of the strained channel transistor.

34.  The method of claim 17 further comprising steps of;

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




gate dielectric. 27. The nethod of claim26 wherein the gate stack further
conpri ses agate nmask overlying the gate el ectrode. 23: The nethod of claim
17 wherein the second natural lattice constant is larger than the first
natural lattice constant. 29. The nmethod of claim 17 wherein the first

sem conductor material conprises sili qon and the second sem conduct or

mat eri al conprises silicon and germar?i um 30. The nethod of claim?29
wherein form ng source and drain regions conprises P-typed doped regions.

.31. The nethod of claim 17 wherein the second natural |attice constant is
smal | er tharfomﬁmgpafsﬁvaﬁibn;rayértwaﬂ.mé@n%?&chcs@@%ﬁ?tmd32- The nmethod of claim’™
soplay

17 wherein tine first sem conductor mater IS silicon and the second’

sem conduct dormiilg @niaak _toCt_QéTi@giﬁ%@&ﬁ}ﬁ%ﬁ%@ﬂ%g&%ﬁ%g% o 3§§HE-’I- e method of

claim 17 further conprising a step o #eE- gat e ‘st-ack,

the source region, and the drain region of the strained channel transistor.

34. The thod of c¢laim17 further conprising steps of: formng contact -
etch st %gpml gﬁﬂﬁfm’@\‘?épf dae. 1 diersinothe semicaniectseninpaRguOgsGoBament . 31
form ng passivation |ayer over the contact etch stop. layer; and form ng:
contacts to the resistor and transistor through the contact etch stop

| ayer .- #. Themsebhedif | in the semiconduct or_ conponent
conprises a transistor %gS%%?ﬁ%g[sgqcﬁﬁsﬁ% afed FRangelfiskd sifeghsi st or
conpri semsidoest rai ned channel field- effect _

37. The. method of claim 35 wherein the strained channel transistor comprises a transistor of
first doping type and Wherci_q the semiconductor component comprises a transistor:of:a:second -

doping type. -

38.  The method of claim 35:and further cotuprising:

forming a disposable film over the second active region, the disposable film ovérlyjng: the |

gate stack; and -

proccgsing the disposable film to form ‘dispbsable spac:ers on sidewalls of the gaté stack

in the second active region;

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

39.  The method of claim 38 and further coiﬁprising fcnioviﬁg the -d'isposéibl'é spacers, and

forming spacers on the sidewalls__of gate stack.

40.  The method of claim 35 and further coniprising forming 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.




transistor. 37. The nethod of claim35 wherein the strained channel

transi stor conprises a transistor of first doping, type and wherein the

. sem conduct or conponent conprises a transistor of a second doping type.

38. The ‘nethod of claim35 and further conprising: formng a disposable
filmover the second active region, e disposable filmoverlying: the

gate stack; and processing the dispoé ble filmto form di sposabl e spacers
on sidewal I's. of the gate stack in the second active region; wherein the at
| east one.recess is formed adjacent a disposable spacer. 39. The nethod of
cl ai m'38. andhé uiethbé bf CEATIT 258 AGhERBHEE & Bed ﬁmm@ﬁgm@, BAE EleSiro

form ng 'spacers on the sidewalls of gate stack. 40 ifet hod o cIa|n135
and furdohiepaceenpri sing form ng a second gate stack over the first active
region, wherein the first gate stack and second gate stack each conprises a
gate electrode overlying a gate dielectric. 32 41. The nethod of claim 17
and funbh onprising a hard mask overlying the gate el ectrode and
spacers. THEIaR phOEGF! wewimtha hardurasletomprises tivitipde lapeskotmarpddls es

mul tiple Iayers of material: 43. The method of claim4l and further
conprising, after growing the second senmi conductor nmaterial, renmoving the

hard ok o mEhes BEIRG19hg ﬁﬁﬁéﬂ@o&gn&ﬁg ik bl 8 S35 SR GHANANS ! O

material is in- S|tu doped-
- material, removmcv the hard mask.

44. " The method of claim 17 wherein the second semiconductor material is in-sitn.doped with

a p-type dopant.

-45. The. methgd of.claJm 44 whermmthasecond scmconductor materjal is in-gitu dopcd w1th :

a dopant selected from the group con51stmg of boron, indium, and combinations thereof.

46.  The method of claim 17 wherein the second semiconductor material is in-situ doped with

an n-type dopant.

47.  The method of claim 46 wherein the second semiconductor materiai is in—si'tu doped Wi'th,

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

' 48.  The method of claim 17 and further comprising, after forming the source and drain

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

49.  The method of claim 48 wherein the first conductive material comprises cobalt
- germanosilicide Co(SiGe), nicke! germanosilicide Ni(SiGe), Co(SiC), or Ni(SiC), or

combinations thereof.



a p-type dopant. -45: The nethod of claim44 wherein the second

sem conductor material is in-situ doped with a dopant selected fromthe

group consi sting of boron, indium and conbinations thereof. 46. The net hod

of claim 17 wherein the second sem conductor material is in-situ doped with

an n-type dopant. 47. The nethod of gain146 wherein the second

sem conductor material is in-situ do§ d with a dopant selected fromthe

group consisting of As, P, Sb, and conbinations thereof. 48. The nethod of -
claim17_and farther conprising, after formng the source and drain -

regi ons, Jf-or i M§had pf feERing & prsuequdyaondigvien thelmefipdichmpEsng: ce and. drain
regions. 49. The nmethod of claim48 wherein the first conductive material !
conpri ses cobAEPYidingesemisrodidtircibatCotBpriBag,a fistckmicomiactynnasiidlj the de ..., . ...
Ni (SiGe), Co(SiC), or Ni(SiC, or conbinations thereof. 33 50. A nethod of =~
form ng subsiests mdndingt frst abeivé egion tahea seBddHOtve OB, iRl S acifeQ¥ioh R '
sem conductor substrate conprising a first sem conductor material, the

subst r at efirsngditislicGortnefl tefeon agd thy SechiRTHAT: RREL BavBRGAREh A Ghi £ohe, the

first active region having a first gate gﬁggiﬁ%orng%aFﬁgaggﬁd%ﬁ%ht e -

second agffeyg region' having a second gate stack formed thereon; fornmng a
filmover first active region and second active region; form ng spacers on

si dewal | s of ck.in the second active region; etching--a
source,recesg%anaégﬁ%$gﬁgﬁ%g%§§§m ﬁngg%%gwﬁﬁw%vaggmbf the second gate

stack, the sgul.ce recess . nd..t dr ai r& recess, spaced from a channel region
by the spacer SII.‘Ilinlgg]%Pacers on sidewalls of the second gate stack in the second active region;

etching 2 source recess and a drain recess on.opposing sides.of the second ‘gate stack, the .

source recess and the drain recess spaced from a channel region by the spacers; and

growing a second semiconductor material in the source recess and the drain recess.

51. The methed of claim 50 wherein the first gate stack and second gate stack each comprise ..

a gate electrode overlying a gate dielectric.

52. The method of claim 51 further comprising a hard mask overlying the gate electrode and

spacers.

~ 53, The method of claim 52 wherein the.hard mask comprises multiple layers of bard mask - ..

material.

54, ' 'The method of claim 52 wherein the hard mask comprises silicon oxide, silicon

oxynitride, silicon nitride, or combinations thereof.

55.  The method of claim 52 and further comprising, after growing the.second semiconductor - ...

material, removing the hard mask,



growi ng a second sem conductor material in the source recess and the drain
recess. 51. The nethod of claimb50 wherein the first gate stack and second
gate stack each conprise a gate electrode overlying a gate dielectric. 52.
The nethod of claimb51 further conprising a hard mask overlying the gate

el ectrode and spacers. 53. The netho%4of cl aim52 wherein the hard mask
conprises nultiple layers of-hard nmask material. 54. The nmethod of claim52
wherein the -hard.. nask- conprises silicon oxide, silicon oxynitride,

silicon itride r, copbi patj ons .t hereof,. 55. Th t hod. of .claim52 and
Furt hor Borprieneiiba G RRR SEFhGRR it St e e SitgRer o,
renmovi ng the hard nask. 34 56. The nethod of ¢laim50 wherein the first
sem conductor material conprises silicon. 57. ‘The nethod -of claim 56
wher ei n57he $hcmethodsufrlaio 66lwhteih tivatand sdmicatitirseseril tonfpeides silfttn ger mani um
58. The nethod of claim56 wherein the second senm conductor nateri al
conpri sesd girhnk@eR, and carbon. 59. The nethod of claim50 wherein the
semn conduct or - substrate conprises an.insulator |ayer underlying the first
sem conductor material. 60. The nethod of claimb50 wherein the '
sem conductor_ substrate conprises a relaxed SiGe |ayer underlying the
first ségi coher/aetBd Gslain p@ Whersip thempeonfeamenpdBToraPaeTAl GUNRGSET BRSOt he fir st
sem condu&:t obr' material conprises silicon. : : '

and caroon.

50. The method of claim 50 wherein the semiconductor substrate comprises an insulator layer

underlying the first semiconductor material.

60 _The.method of claim. 50 wherein the semiconductor substrate coinprises a relexed SiGe

layer underlying the first semiconductor material.
61. - The method of claim 60 wherein the fixst semicondnctor material comprises silicon.

62.  The method of claim 50 wherein the second semiconductor material is in-gitn doped with

a p-type dopant.

63.  The method of claim 62 wherein the p-type dopant is selected from the group consisting

of boron, indium, and comtbinations thereof.

64.  The method of claim 50 wherein the second semiconductof material is in-situ doped with

an n-type dopant.

65.  The method of claim 64 wherein the n-type dopant is selected from the group consisting

of As, P, Sb, and combinations thereof.




62. The method of claim50 wherein the second sem conductor material is
in-situ doped with a p-type dopant. 63. The nethod of claim62 wherein the
p-type dopant is selected fromthe group consisting of boron, indium and
conbi nations thereof. 64. The nethod of claim 50 wherein the second

sem conductor material is in-situ doggd with an n-type dopant. 65. The

met hod of claim 64 wherein the n-typé&dopant is selected fromthe group
consisting. of As, P, Sb, and conbinations thereof. 35 66. The met hod of
cIa|n1566andHhumm&ﬂmf S a first source region and a first
drain region in the f??ggﬁgcgﬁggmig gﬁg pp05|tely adj acent to the first
gat e stack; @ﬁﬂn ion and a second drain region in

econ Lce re
the second acti véeﬁ)fr“lfeggsl%grrflng 10“02’6383?%?8?&“% %@éhﬁfﬂﬁﬁﬁcﬁmﬂsletowﬂmw e stack.
67. The 6- and further conprising, after form ng the first
source ?gg%gﬁggﬁghﬁ g%ﬁ% aglndrain region, formng a first conductive
mat eri al on fE)he first source region and the first drain region. 68. The
met hod of cl S HH6YSHMESaYRe TeRion fng & secomivbiait tdgicn imtieeedoal a&@w&oaes ‘cobal t
silicide ﬁgg ni ckel silicide N Si, cobalt germanosilicide (SiG), .
ni ckel Y&P c?éiiaF‘F”éFQib?NFQr@lgw)sxackCo(Sl C), Ni(SiC) or conbinations thereof.
69. The nethod of «claim66 and further conprising, after form ng the second
source region and the second drain region, form ng a second conductive

mat eri ag7.on. egi on ., , : T
ad7. on.Tht BRtSE ORI mIRULSE ?Llr{helgcompnsmg, after forming the first source region and

the ﬁrst'drain ;egion, forming_ a first conductive material on the first source region and the first

drain region.

68.  The method of claim 67 wherein the ﬁrst conductive material compnses cobalt silicide

CoS;, mckel silicide N181 cobalt germanosﬂmde CO(SIGC), nickel germanosilicide Ni(SiGe),

Co(SiC), N1(31C) or combinations thereof.

69.  The method of claim 66 and further comprising, after forming the second source region

and the second drain region, forming a second conductive material ori the- second source Tegion

and the second drain region.

70.  The method of claim 69 wherein the second conductive material comprises cobalt silicide

CoSi, nicke] silicide NiSi, cobaltgermanosilicide Co(SiGe), nickelgermanosilicide Ni(SiGe),
Co(SiC), Ni(SiC) or combinations thercof,

71.  The method of claim 50 wherein forining spacers on sidewalls of the second gate stack - -

comprises:

fofn:@g a disposable film over the second active region including the second gate stack;’



and the second drain region. 70. The nethod_of claim69 wherein .the
.second conductive material conprises cobalt silicide CoSi, nickel
silicide N Si, cobaltgermanosilicide Co(Si Ge), nickelgernanosilicide

Ni (SiG), Co(SIC), N (SiC or conbinations thereof. 71. The nethod of

cl ai m 50 wherein form ng spacers on sdedewal | s of the second gate stack
conprises: formng. a disposable filmover the second active region

i ncl udi ng the second gate stack; 36 and formi ng di-sposabl e spacers by

et chi ngatde disposable film72. The method of claim 71 wherein the step of
formng a filmover the first active region and the second active region

Cor’rpr! S€s t %ﬁﬁ%&sﬁofs'abfleos{gﬂéer yatatc%}.n%%?esﬁs%s%ﬂy m _the et ho.d further . -
conprising formng MaskKI ng layer =over *a po on of the disposable film
overlying the first active region prior to form ng di sposabl e spacers. 73.
The nethod of claim 71 wherein form ng di sposabl e spacers conpri ses o
per f or ni’hg alhephedtsrdent elpinhi7 Ipwioares the otep of famtingi flin prep desihst adidve réfien met hod of
claim 71 and further conprising renoving the di sposabl e spacers ‘after

f or m ngaidthe sooHdcRETEBAGScARTistsE: SHpalf ForfBE e poskble flRehaRhRd fefhet| ai m 74
and further conprising, after grow ng the second sem conductor naterial,

form ng &l Fore{inS4 I M = ; ond. gat e .
AR o ﬂgﬂm@ 1§(ef;§v7c¥5£‘€8nrfé¢nec|§%he?iﬁs§85a§fe% &5%]%%@6?%% of first

stack. 76." The nethod of cldim75 spacers o
and secqnfle Gl b ARSI uGRIRRSb G SPacer s. ~
73.  The method of claim 71 wherein forming disposable spacers coﬁlprises performing a

plasma eich process or a wet etch process.

TE: ‘"IEe'ﬁthod@T'C’lé‘itﬁ”fI and fifrth "é‘r‘“ccnifarisiﬁg“removing“ﬂ;é"diéposable'spacers-afterm

forming the source recess and the drain recess.

75.  The method of claim 74 and further comprising, after growing the second semiconductor

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

76.  The method of claim 75 wherein the spacers on the sides of first and second gate stacks

are composite spacers.

77.  The method of claim 50 wherein growing a second semiconductor material comprises a

performing selective epitaxy process.

78.  The method of claim 50 and further comprising, after growing a second semiconductor
material, selectively growing a first semiconductor material overlying the second semiconductor

material.




77. The method of claim50 wherein growing a second sem conductor materi al
conprises a perform ng selective epitaxy process. 78. The nethod of claim
50 and further conprising, after growing a second sem conductor nmaterial,
selectively growi.ng a first sem conductor material overlying the second

sem conductor material. 37 79. The ngthod of claim50 wherein the first
-gate stack and the second gate stack each include a gate el ectrode forned
froma material selected fromthe group consisting of polycrystalline
silicon, polycrystalline silicon-germanium a netal, a netal silicide, a

metal 7R trTitemethebf R 5O HhdreR et 18 8R s taciBOhd FNGcHR %%fa@% efehal m 50

~wherein the first gate stack and the second gate stack eac I ncl ude aé:ate."
di el ectgcivge b @ARRRcHII0 Rred B S airhert o AMLhe.draup. gonsi sting of
silicon .oxi ge, silicon Sxynllﬁtar@?ﬁ%ﬁgﬁeggﬁkhtﬁ%%&?ﬁ%ﬁi03r'n'oxi de,

al um n dt i [ i de.. or conbinatians thereof. 81. A nmethod of

f or ni ng%&ge%ﬁﬁ%%n Sg’?%);%%%%?mf%égeﬁgﬁ%% r???ﬁ]gﬁﬂl%‘i&%@ﬂﬂahg a o
sem copgduct | ayer .that i-hcludes a first active region and a second active
regi on?ﬂl%ﬂ%r%dncﬁnémﬁjfl?né&?&??e stack over the first active region and a :
second gate stack over -the 'second active.region; formng a-dielectric=film
over the first active region and the second active region; formng 'a

maski ng0.| ayBie msthsd.of claii 5 @hereih it glicAtBEhtd e fdobdl QSHANiRG t he second

active.region;
include a gate dielectric formed from a material selected from the ‘group-censisting of silicon .

oxide, silicon oxynitride, silicon nitride, hafnium oxide, aluminum oxide, zirconium oxide, or

combinations thereof.

8l. A method of forming a semiconductor device, the method comprising;

providing a semiconductor laiy_erl't'hat includes a first active iegion 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 active
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 with the
disposable spacer;

filling the first and second recesses with a semiconductor material; and



- form ng di sposabl e spacers on sidewalls of the first gate stack by

ani sotropically etching the dielectric film formng first and second
recesses in the first active region substantially aligned with the

di sposabl e spacer; filling the first and second recesses with a

sem conductor material; and 38 inplagting source and drain regions in the
second active region adjacent the second gate stack. 82. The nethod of
claim81 and. further conprlslng, after filling the first and second

bl d the fi th
[ orer e vaipuang <0G, Hh RS RlbR RS AN G SR Paldlo The "

di sposaf spacers and the di-electric film further conpr|S|ng formng

' lightly dcped regions of a first. conductivity type in the first active
region adj-acent the first gate stack; -formng lightly doped regions of a
.second conductivity type'in the second active region adjacent the second

gate st8$kk; Thomeiingof di4isis] ARamEhE c@ﬂbt%@t%nﬁﬂetrﬁﬁm@tﬁcsﬁrsﬁﬁ@l?ec%ﬁ@ﬁges&@d second

spacers adj acent the 'second. stack; form ng heavily doped regions of ‘the -

first cemeviesinyitsyosibPsabdls f8nd dif %@ﬁiﬂ' ober tpgﬁlﬁp&m@ gent the first

spacers; and form ng heavily dope regions o e secofid conducti vi ty type
inthe first, active region

83.  The method of claim 82 and, after removing the disposable spacers-and the dielectric
film, further compnsmg
forming lightly doped regmns of a first conducnvrcy type in the first actwc region
adjacent the first gate-stack; -
: fornnnghghﬂy doped regions of a secoﬁ_d conductivity type in the second active region
- adjacent the second gate stack; - | o | N |
fom]ing ﬁ‘x‘st spacers adjacent the first gate stack and seccnd spacers adjacent the sccond_
stack;. R |
fonmmg heavily doped regions of the ﬁ:st ccnductmty type in the first active Ieglon :
adjacent the first spacers; and
forming heavily doped regions of the second conductivity type in the first active region

adjacent the first gate stack,

84.  The method of claim 81 and, after filling the first and second recesses, farther
comprising: )
removing the masking layer from over the second active region;

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

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

the second gate stack.




adj acent the first gate stack. 84. The nethod of claim81 and, after
filling the first and second recesses, further conprising: renoving the
maski ng | ayer fromover the second active region; formng a second nasking
| ayer over the first active region; and etching the dielectric |ayer over
the second active region to forn1secqﬁp spacers adjacent the second gate
stack. 39 85. The nethod of claim84 Wherein inplanting a source region and
a drain region conprises inplanting a source region and a drain region in
the second active region. aligned with the second spacers. 86. The nethod of .
cl'ai m 885-andltrunatitngrof cloinpi4 whengy ingflanging & spr@ntdinpandhelrdomgoe coagisen and
_the drain region, -renoving the di sposabl e spacers and the second spacers.
87. Theimpirthiogla sdured region £ aalidn fopioh Rethe GRORT dcBid o bliREd WBRMKAGnE he
di sposabl e spacers. and the second spacers, formng a first lightly doped
regi on spacdrhe first active region adjacent the first gate stack and
formng a second lightly doped region in the second active region adjacent
t he second gate stack. . - AR TINEEE o : S <

86. . The method of claim:85 -and.further--compﬁ-sing,:afterimplanting the source zegion and

the drain region, removing the disposable spacers and the second spacers.

87.  The method of claim 86 and firther comprising, after removing the dispos'-a]ﬁle:'spzicers':--: SRR
and the second spacers, forming.a first lightly. doped region in the-first.active region-adjacent the -
first gate stack and formihg a second K ghtly doped region in the second active:rﬁgion;-a:djééent

the second:gate-stack..




