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[0003] The present invention relates generally to .sem:iconductor 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\/IOSFED,
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 eghance transistor performance further, strain niay be introduced in the



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 furtheg strain may be introduced in the 2
transistor channel for improving carrier mobilities. Ther.efore,
rastiain dndueed MebHLL L BRABCRHIMERL IS anpiier way 1g IMproxe transistor
performance in addition to device scaling. There are several existing
eriappnaalle sotiBiRaNR G AR RS ANRIRh A0 ANDRLIEOIN 00Dk,
one conventional approach, as described in a paper by | Welser et al.,
Therolbtisted:-:at theifdecprolerd 982 Intemalianal Elegtran Devices Meefin
held in San Francisco, CA; pp. 1000-1062 and incorporatedi hegr%%l gﬁiﬁlgﬁ'
mofgﬁeren%a %r—eclg%gg silicon germanium (SiGe) buffer layer is provided
beneath tha ¢ annneﬁof@gfd?ﬁj?‘?ﬁcgu%dﬁsﬂ"é?ﬁéé?é BEFCONd Ut eicheWe@ublished
at-tﬁ@‘iﬂé strained silicon layer formed over and abutting a relaxed SiGe
layer, w bf%h?lgs?%flgrnrtﬁ SESR SRG SR s Yratee il gé‘ﬁfgfalfa?}%ﬁ‘?: CA, pp.
10029881 Theelaxed SiGe layer has a larger lattice constant compared to
relaxed Sﬁ%ﬁ?ﬁ%%e%h%r%%)é? Befia%rﬁﬂ%i?(i%faé?%\?ﬂﬁ%}ﬁ FFEPEITE G Buffer
layapill havesits lattice stretched.in the Iateral direction, i.e., it will be under
! biaxi%a%i tensi?e st%tgll r§h e‘ﬁt%]g?é]%r%,glén{r SHB A RTS e SOiF THEP TP vice includes
that is under biaxial tensile -

a stabRNgE Silican | %/%c\é{itljlvh ayeachannel é%%}%ﬂ%g%arygg FBERHoigRES FVer and

strain. In this approach, the relaxed Si

31311@%@&%@&?9&@@%2}%9%895 strain in the channel region. The stressor, in
this case,. is placed below the transistor channel region. [0007]

[Oogglignific_ant mobility enhancement has been reported for both electrons |

d hold¥ il Befkiankses keusige Siliiorrohsianelcnndendoiasdiakterijlend the

thin train. In the above-mentioned approach, the epitaxial silicon layeris™
Wi FRERTA ThE SRR BlarelRips mibhBat thettcanzeaindénis iateral

diz ibout the strain relaxation upon subsequent CMOS procesSing where
CEiRiy 1-€-» 1t will be under biaxial tensile strain. Therefore, a transistor formed on the

epitaxial strained silicon layer will have a channel re gion that is under biaxial tensile strain. In
this approach, the relaxed SiGe buffer layer can be thought of as 4 stressor that introduces strain

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

,[0007} Significant mobility enhancement has been reported for both electrons and holes in
bulk transistors using a silicon channel under biaxial tensile strain. In the above-mentioned -
approach, the epitaxial silicon layer is strained before the formation of the transistor. But there
are concerns about the strain relaxation upoﬁ subsequent CMOS procéssing where high.
temperatures are used. In addition, this approach is VETY exXpensive -silnce a 51Ge buffer layer
with thickness in the order of micrometers has to be grown. Numerous disiocations in the

relaxed SiGe buffer layer exist and some of these dislocations propagate to the strained silicon



temperatures are used. In addition, this approach is very expensive since
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 o the strained silicon 3 layer,
resulting in a substrate with high defect density. Thus, this approach has

layerlifodiations.thal,ared G/atadio a5t 8 &%gn‘ﬁm&e r?tg%l & fllc? il gjf%%%r Lot that

[0008] In another approach, strain in chan uce

are rérgga@t@t@dsgﬁafgrmﬁgm@mlﬁmg&lﬁ@gh stress film is formed over a
completed transistor structure formed in a silicon substrate. The high

_[Oogﬁress film o Ejrtﬁ'éstressor exerts significant influence on the channel,
odify TP AR STREEH Rt TEBLE S AT IRk CHEFITURE g, i apsisgor is formed.

' mtﬁpgrOduc'g%%%n in the channel region. In this case, the stressor is
R SIS IS PRI APTRRIF S PRSI Seh¥feE formed in a

+. described i tail in a er by A. Shimizu et at, entitled "Local

sited b TR LR 0o SHAIP o Eifsson the channel,

mod@%o ma Oﬁﬁ ancement ) ub ishe q&ﬁ 433- 436 of the Digest of
hnical Papers6f e?ﬂgotﬂ%&;f&g”fﬁ@éﬁﬁﬁn in the

il %@oaz@%@ggg@?ﬂ%@%% R T RS
e -to-d d H | tensile stra

SC“%%&%@%%S e o i By er i s o s

Comgj g@r’gggw%%éﬂ%tram% ﬁ?lti%rmanlu canb Useghs%ed 11%pp £33.

ctlvely relax ore ctron m yls no

436 dﬁ%&@ﬁg&t nyébﬁl&ﬁﬂi GL%%@%} ?n’a '%F*j’ ‘f’gsnee%?lé‘é iy ofthe,: n

n and p-channel transisto e-art

is mc@@}ajmpﬁgl\é%ggﬁ%ﬁgweand method thereof that addresses the
above-discussed issues.

[0069] The strain contributed by the high stress film is believed fo be uniaxial in nature with
a-direction parallclrto the source-to-drain direction. However, uniaxzial tensile strain degrades
‘hole mobility while uniaxial compressive strain degrades the electron mobilify. Ion implantation
of gcfmaniumlclan be used to selectively relax the strain so that the hole or electron mobility is
not degraded, but this is difficuit 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.



4 SUMMARY OF THE INVENTION [0011] Preferred embodiments of the
present invention teach a strained channel transistor and another
component formed on the same semiconductor substrate. In a first
embodiment, the other component is 4 resistor. In another embodiment,
the other component is a transistor. In other embodiments, the other

SUNBIBSreRTEEn & BYRBICM vices. [0012] In one aspect, the invention

teaches a mef[hod of forming a conventionallresistor and a strained
O essor can e B S el P AHOEAESh A H ATt
T osios e el S LEAB VLAl e s o
e e

otherigv@nliofng; m@@%@&&[@ipﬂﬁ%@%&e&@ﬁg@iconductor‘ substrate in
which first and second active regions are disposed. A resistor is formed in

[001.; e firﬁt1 gctive regiﬁn; the resistor including a doped region is formed
etween two FeminGE Y ARERR R Sriampdrd i dimins fonmedtiotteesistor and
ion. The transistor comprises a first and second

ond active re
e BT at W8 LS e e RERE e adonpapstraified oharmetoscan

stresso
be defR8IAN. 40014] In accordance with another preferred embodiment of the
) epres%tt[}ﬁ%gn ?gﬁ?tﬁo i COMGURISF SRR Y0 FRBaThregk@mieaing corschemes

of indiRGIQnWith. a first. semiconductor material with a natural lattice constant
forming a first ARE SECHhT At GO R thireeirhcemeliarg Fagistnrsme the
first cGUEStACK 13 (Qﬁq]e over the second active region and a masking layer is
~ formed over the Hirst “active regioh Afefotfifiy HadheeRitgayer, at
least one recess is formed in.a portion of the second active region not
(0013} o e racesp i ereth mplefirsé corvdiemicor duchessenaterialis;grown
semiconductor chip comprises a semiconductor substrate in which first and second active regions
are disposed. A resistor is formed in the frst active region; the resistor including a doped region
is formed between two terminals. A strained channel transistor is formed in the second active

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

adjacent a strained channel Tegion.

[00147 In accordance with another preferred embodiment of the present invention, a
semiconductor chip is formed in a semiconductor region with a first semiconductor material with
a natural lattice constant forming 4 first and second active regions in the semiconductor ;egion.

A gate stack is formed over the second active region and a masking layer is formed over the first
active region. After forming the masking layer, at least one recess is formed in a paz;tion of the
second active region not covered by the gate stack. A second semiconductor material is grown

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



in the recesses, the second semiconductor material having a second

natural lattice constant that is 5 different than the first natural lattice

constant. Source and drain regions are formed in the second active

region to form a strained channel trandistor. The masking layer is removed

and a semiconductor component is formed in the first active region.
difffPet 9l dn eeprdance, ygi{[aea&%@&rtprseferred e bodiment of t(igae resent .

invention, a semiconductor device is forméd |HQ}§%§€ \C6hdu ?&g 5%6%%1&%&0“@ '
activétit Airel KM @Qﬁgﬁﬁtﬁ{a@l@f%ﬁﬁgis%p.eﬁ%bgﬁggﬁ%%?%gﬁg %e%@%tdaa%%vae

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

senberang galensiack: A Mde [piner.over g fisf and second active

regions and spacers are formed on sidewall the second gate stack in

{E second active region. Source and drain recesses are etched on
[00 Oifp n ace

0SNG SITEEBF L LHEHHY Haferwa epasirase ghlcaucherniavertiomel

éerrﬁgﬁigx?c@f %p)ﬁcsep}??ers. \ second semiconductor material is grown in the
rai

SOurce an PERES 83 STBRABT RARE SRR & Wi TRlowBicpReRstRs qnaterial.

Th iment of the present invention, a semiconductor device is formed
B A NG R0 HUB A Aoer e R A B0 Hare rozion
havagtV ign.and a second active region. A first gate stack is formed over

i thgetéf?%sét%%ﬁ\a}tee g}%‘éﬁ.mf? e 15%5@8&1&’%%@%%& AENET TRE RS EFAdPacers

o e o SR i, brpdpver i o andsecopdactie

regions and a masking layer 1S

sQverhy . active regjon. Disposable spacers are formed on
receéeHyNG-1he &?8%2{%1 Sides fﬁg M clSh o%%i égﬁyjﬁgﬁﬁ? &Eﬁ%@ﬁ ot g.channe]

sidewalls of the f e stack by anisot
‘regﬁﬂrg}, Frigst gggsseg%@% regesses.ar formed jn the first active region, and
are subsfantiaily aligned wgi:t% ?ﬁgug%ﬁgjs%ﬁo (ﬂgi SHALEE &+ ﬁ%ef?%ir{é%%“éé%%lﬂd
reced@gesses are filled with a semiconductor material and the source and

drain regions in the second active region adjacent the second gate stack

e implanted.,
I{)Olgf En accordance with another preferred embodiment of the present inveation, a
semiconductor device is formed by the means of providing a semiconductor iayg: that'includas a
first active region and a second active region. A first gate stack is fozmé& over the 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 re gions 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 etching the dielectric film. First and second
recesses are formed in the first active region, and are substantially aligned with the disposable |
spacer. The first and second recesses are filled with a semiconductor material and the source and

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



6 BRIEF DESCRIPTION OF THE DRAWINGS [00171 For a more
complete understanding of the present invention, and the advantages
thereof, reference is now made to the following descriptions taken in
conjunction with the accompanying df@wing, in which: [0018] Figure 1
shows a conventional resistor formed in a portion of substrate; [0019]
Figure 2 shows a strained channel transistor; [0020] Figure 3 shows the |
BR@#&@E&@WI@M%W@E@&M and a conventional resistor;
[0021] Fibgures 4a-41 show a first embodiment process flow; [0022]

001Figure BoeQmBAr ionak X S| o
e S et

| ther%ﬂ@fﬁ@ﬁ&\é%s%%@&%‘M@@ﬂo@%ﬂf@%ﬁﬁ&%&%ﬁ%@ﬁ mRined:steps -

of the second and third embodiment’ [0025] Figures 13-14 show

' accoaﬁﬂﬁiﬁﬂgldge@,sggﬁlt{;}gﬁgcond embodiment; and [0026] Figures 15-19
show additional steps of the third embodiment. 7 DETAILED

(001 SC IETI(%I\&OF ILLUSTRATIVE EMBODIMENTS [0027] The making
and using Bt tHe PreS &M TtefeHEt Soh TR PFE i SEGUBEETH detalil
below. It should be appreciated, however, that the present invention

[0018lovidéSgmaniyapplicablmcihvientive eertepts that can be embodied in a
wide variety of specific contexts. The specific embodiments discussed are
smerelyd ratj f.specific ways.to make.and use the.invention, and do

e e T B e e i e

IESiSitqgr,semi(‘,onductor integrated circuits. Resistors are

[0021] Figures 4a-4] show a first embodiment process fiow;
[0022] Figure 5 compares a conventional PMOS and a compressive stressed PMOS:
[0623 Figure 6 compares a conventional NMOS and 2 compressive stressed NMOS; |

100247 Figures 7-12 show combined steps of the second and third embodiment
[6025] Figures 13-14 show additional steps of the second embodiment; and

[0026] Pigures 15-19 show additional steps of the third ermbodiment.



used, for example, in analog and in mixed mode analog and digital
circuits. Resistors are also used in input and output circuits as input and
output resistors. In addition, resistors are sometimes used as part of an
input protection circuit to provide prote€tion of the circuit against
electrostatic discharge (ESD) events. In this case, the resistor is used to
attenuate the ESD voltage and to absorb and dissipate ESD energy.

DE g SRS IS ORlEofsusendsmipyoltsimayappear across the

.twc') t_ermina!s of the resistor used for. ESD applicatiohg. [00.2.9] Resistors in
il S Ty B bR facorsd  dea
g S (3P GBS LS O D3RO
sty R G I e b e
e Subsirate 102 ane & Sohrel by SAE EATEu R Sih LA YO8 S o Bcin.

and ghadldirireheketselation {oLgxample. Current 108 flows through the
resistor body 104 between two terminals 110 of the resistor 100, as shown

100247 Figlﬁgﬂltép& %@e resistor body 104, the current 108 experiences a linear
current-voltage reratioHEhig R ip setairsndanptiafrmudsresistaResistors are

" used KRP QRne %h(!&‘l ed in.the art that resistors with a 8 resistor body
comprising ‘a singie-ary<taitie’senie sralaaerhdiadiratisrabteristivaof also

used Mg Stakility.and low noise in comparison with conventional
pc%&crystaﬁir%@%égi% Or SUCHLPEE CSerYITiENR preriiinnaisainrent, a

somefifdetuie and.method of forming a resistor and a strained channel .
~ transistor is %rov%‘l‘é}d%teﬁ%%%% OFIF PRI e TSRS v dhectreit against:
electr6Rlanngls @&j S ale pro ided. [0031] Figure 2 shows a strained

channel transisig?ﬁ(l)léz% vfl%sér\fél a Tir§EEe MicBRYlSY used to attenuate the ESD
voltage and to absorb and dissipate ESD energy. Large voltages in the order of thousands of

volts may appear across the two terrminals of the resistor used for BESD applications.

[0629] Resistérs in integrated circuits may be formed using a poly-crystalline silicon layer;
for example. Resistors in integrated circuits may also be formed on 2 single-crystalline silicon
layer, e.g., resistors may be formed in 2 portion éf the single crystal silicon bulk substrate,. orica
portion of a single crystal silicon layer in a silicon-on-insulator substrate. As an example, a
resiétor 100 formed in a portion of 2 single crystal silicon substrate 102 is shown in Figure 1.

The resistor body 104 is doped with a ty?e oéposite the substrate 102, and is defined by an
ilsoiation 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

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



material in the channel region 116 is stressed by the placement of a
second semiconductor material 118 in.a part of the source and drain
regions 120. The second semiconductor material may also form part of
the channel region 116. The lattice coRstant of the second semiconductor
material varies in relation to the lattice constant of the first semiconductor
resisialggial. sych that a. strain is placed on the first semiconductor materia,loin
the chgglnne%rlélgﬁll%ﬁ.SI1 NS Sg%ﬂnlae BB H{E}:@fé}aﬁ‘? rRPRADE R A ohen
stabifEfeyeelo as.a stressor. The transistor. 114 cogmprising a strained
O S el S atr B T aHgeor

channel region IS coOmmonly Known as

- When the lattice constant of the stressor (e.g., Sil_1Gex) is larger than
[093%at of rbopEteswicohelicwt. ariteriateeng. i8ihthefdrmssgnresisits maa
. compressive strain in the source-to-drain direction of the transistor. When
STAECRATRE Eamitmtarthided chrhsdmmit dusmruniatsiist et SihiT@)ydhamnel
smaller than that of the first semiconductor material (e.g., Si), the stressor
TSRS ISR HAdile strain. in the source-to-drain direction of the transistor.
Details of this strained channel transistor are given in co-pending patent

[003Bpplichtien: X sowY eonglak chatrrined-chapnek trapsistar with @ ondnctor

lattice-mismatched zone in the source/drain regions,” U.S. Patent

materpricatiomnive; LI 91033;-tled Maneh #2003 CFRMEoRISEfYFBuctor
Number TSMC2003-0050), and is incorporated herein by reference. 9

matefRD8Y in dhepeetesred-embadimentthesfirst semicondicionmaterialis aterial

silicon (Si) and the second semiconductor material is silicon-germanium.
may {BiGerorBit _cff&e}chaﬁm ifecstraimetiehannel cH#ansisteris Rehaniebnductor
transistor. The mole fraction x of Ge in SiGe may be in the range of about
_ maeirl vigiabourud aiotitecermbodime ke wihere thecstraing dhehannglch that a
_transistor is an n- channel transistor, the first semiconductor material is
straingfipaacdhe Sechndsseinicdnductasenateriahe sisilicenseshoM(SiE el
_Sil-yCy), and the mole fraction y of C in SiC may be in the range of
semiconductor material will be hereon referred to as a stressor. The transistor 114 COIMPrISIng a.
strained channel region 118 is commonly known as a strained channel transistor. When the
lattice constant of the stressor (e.g., Si.;Gey) is larger than that of the first semiconductor
material (e.g., Si), the stressor resnlts in a compressive strain in the séurce-te—drain direction of
the transistor. When the lattice constant of the secoad semiconductor material {e.g., SIi,Cy) 1s
smnaller than that of the first semiconductor material (e.g., Si), the stressor results in a tensiie
strain in the source-to-drain direction of the transistor. Details of this strained channel transistor
are given in co-pending patent application, Y.-C, Yeo ef al., “Strained-channel fransistor with a
-~ lattice-mismatched zone in the source/drain regions,” U.S. Patent Applicaticn No. 10/379,033,

filed March 4, 2003. (TSMC Disclosure Number TSMC2003-0050), and is incorporated herein

by reference.



about 0.01 to about 0.04. While Si1,tGet and Sil_yC,, may be used as the
second semiconductor layer, other semiconductor materials may be
used. For example, a semiconductor alloy such as Sil.xyGezCy may be
used as the second semiconductor laygr. [0033] The first embodiment of
the present invention will be described with respect to a specific context,
(00 mely a method of integrating a conventional resistor such as the _
reSistor With Pi Giraiheebefiarmel thafisistonitofEgtne Baareo nvalitendi) and the
secd8 ggl'%%r 124 is formed in a z}fmr_tion of the substrate 126 in a first active 7
region i?féhé%%@ﬂt%ﬁé@f HoR-ESHioen L33 BndaSstkding dndhannelined channel
fran ra%(g\rsiissgor_ 2 is}formed in another portion of the substrate 126. [0034]
e 1eSiBi6I 2%’ CamiisHEed i aupe & retiisto b bdyn 2S threygh whiehange of
. uﬁ%r'ietgt ail)g;4t Igw’sﬁgbetween two resistor terminals 136. The current 136
flowing in the resTs 3P betodiresasebresheasresistaricaneheausisierof an n-

hanfhigh is a function of many parameters, e.g., the doping type, doping
- an\gé;n%%“r?%ﬁg foﬁl,el yOUT AR LB ORHE R Sistdicpbdhe Thendopinigappertr theterial

e el € i body ,128 is opposite the doping type of the
" Sﬂ%ﬁe&ﬁ%ﬁﬁg ?égféfﬁafz%“ﬂﬁlﬁﬁé‘&‘?é?éwc%ﬁ?d?é Al indrRE erhbe 28 trgRnge of

semicon

&bou%@rp@% is 24 may comprise a p+ doped resistor body 128 _

formed o?/%?%?gf?%:t%é}%é}bé@%@&%&éé%bﬁ-Wﬁ%aa&ﬁeﬁ%gi@ﬁnys@dmmr

layedMAYEPEAR-D; doped well region or an n-type doped substrate 126. It
TS Understood t g "the doping %%Esﬁﬁiaf BEFevRIE it @i oM dpplpy such as

SipJesista 9&’&'3@@ med on,a p-type.doped region 138. The doping 10
}aistributigﬁ or profi e{hltﬁSﬁ%cgnfde%%g}lo%gﬁgwgfslﬁ%‘?ﬁerally non-uniform, and
ay have an average doping concentration in the range of 1016 to 1019

- 0033 3, {oedBT IR b Sy 1asrs iownrionFigilite Besatbbe-diefinegday to o
g ec,i%olation structures 130, such as shallow trench isolation (STI) structures,
pect Cﬁé’%&%ﬁ%ﬁ FEGIGT A2arst o prasent nihvehtieds maydioase i resistor with

2 stra€S12 ular layout with width Wanda length L. The width W may have a
amed channel transistor. In Figure 3, a conventional resistor 124 is formed in a portion of

the substrate 126 in a first active 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 through which current 134
flows between two resistor terminals 136. The current 136 flowing in the resistor body 128
experiences a resistance, the value of which is a function of many parameters, e.g., the doping
type, doping concentration, layout, and size of the resistor body. The doping type of the doped
tesistor body 1 28 is opposite the doping type of the semiconductor region 126 immediately
underlying the body 128. For exmple, the resistor 124 may comprise a p+ doped resistor body
128 formed over an n-type doped. region 138. The n-type doped region 138 may be an n-type
doped well region or an o-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



dimension of larger than about 0.1 microns, and preferably larger than
about 1 micron. In the preferred embodiment, the length L may have a
dimension of larger than about 0.1 micron, and preferably larger than
about 1 micron. The resistor may havéla layout with a serpentine shape,
or any other shape commonly used in the art for diffusion resistors. [0036]
di The example in Figure 3 illustrates a bulk semiconductor substrate 126,
ST R0 A 7 2 S e B i At €S 1B PRI Qi SRS B8 AR BtHEprage
g substrates such as semicondyctor-on- insulator (SOD) substrates may
PR E UEE G rO e ERDR, the'SémidBhductor-on-insulator substrate can
be a silicon-on-insulator substrate having a silicon layer overlying a silicon
[0035kide Tayerssaidisilicorsakiden Ryripoverlyinda®iastpiadhesilie@mres 130,
layer in the silicon-on-insulator substrate may be a relaxed silicon layer or
suchasthaiived sitichisdéyien (903 fri cressksectanef teresigeri124imEigeue:
3 shows a doped body region 128, also known as a resistor body, formed
mvegipa poytivneof thessglistiateut 26:ThidteFiatat bedyd 28 Tanbatdwfingdhave a
by isolation structures, such as the shallow trench isolation structures 130
dimestitpwnti Fr Syt 8bath 6. Hopinmtypel oftheatibpackhotyoreigion: IR8ris:. In the
_opposite to the doping type of the semiconductor region 138 immediately
preferrrdeilingitratb duyoragficnnl2gisFor éxamgley ifithesamesistabbody] 128ris, and
doped p-type, it may be formed on an n-type well region or on an n-type
prefepstieras The avetdgeidopiniicordentratipirotthé pesistit bodypdRBasaype, or
- beinthe range of 1016 11 to 1019 cm 3. A conductive material can be
Y §8ihEHRe pravidecothiutdie3s fortfiétemirsistafthe resistor 124. [0038]
‘The strained channel transistor 132 of Figure 3 comprises source and

[oo3drain regionsAD08 0pPasingrsides ofiR CHANDERIEQIONI841 TG, creferably a

channel region 164, forimed from a first semiconductor material 126;7is
bulkcoverediny-an ouewyieg Bale-diglectHelb0:mA -qate electrode d d8hiconductor-on-
insulator (S QI substrates may also be used. For example, the semjconductor—on«insulatof
substrate can be a silicon-on-insulator substrate having a silicon layer overlying a silicon oxide

layer, said silicon oxide layer overlying a substrate. The silicon layer in the silicon-on-insulator

substrate may be 2 relaxed silicon layer or a strained silicon laﬁ:r.

{6037} A cross-section of the resistor 124 in Figure 3 shows édoped‘body region 128, aléo
known as a resistor body, formed on & portion of the substzate 126. The resistor body 128 can be
defined by iscﬂation structures, such as the shallow trench isolation structures 130 shown in
Figure 3. The doping t§p6 of the doped body region 128 is opposite to the doping type‘olf the
semisondﬁctor region 138 immediately underlying the body region 128. For example, if the
resistor body 128 is doped p-type, it may be formed on an n-type well region or on an n-type

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



overlies the gate dielectric 150. The gate electrode 148 material can be
poly-crystalline silicon, poly-crystalline silicon germanium, metals, metallic
silicides, metallic nitrides, or conductive metallic oxide. Spacers 170
consisting of one or more dielectric materials are formed on the sidewalis
of the gate electrode 148. A portion of the source and drain regions 140
(o 108hoprisesacagcond semicondictonmaterial 162, The s iy i
semiconductor material 162 may h%ve ag crgnlgc ﬁ%%ar%fla |<§% Bﬁ%ﬁﬁials of the
resithatlizadifferent from the natural lattice constant of the first material 126. A
silicide 174 overlays the gate electrode 148 and the source and drain°
10018 ions140. In contrast, the doped region constituting the resistor body '
[ 12% is?é?éfﬁ%}fbego“%fﬂéiﬁ%aﬁlﬁ@wa%? 15#aNE0TD0SY] PHIspiduintTegions
140RIESSIL invention can also be applied to a resistor of the type taught in
co-p@%&f% 5%&?&% HARIB. Loty 667 grernslaaesuptenivames fpgoa first
semidoalQ -0553%, ich applicatjon is incorporated herein by reference.
“Using the met gggéﬁgﬁggﬁéﬁﬁ,afh%”ef@é?&éﬁtéé’heﬁéq’lfrﬁ?@d A gaie clectrode 148
oveSiBWiaREOUsly with.a strained cfﬁgnel transistor. [0040] The present
inventio’%?teé%ﬁ %%1%1%0;%8 BHISIRTIAY tHe S trafndel crahnepty-myigbing glicon,
pogw&;g}%ﬁm iS&miconductor selflakfstrate 26.as the conventional resistor

122 using the same Tabrication Or MamTTSGiiry ProtEsSietsaeqr conductive

meciRefesiag BOWIQ Figure 43,2 process %%E‘é hi%%%%ﬁ%%%ﬁ%%’g@éﬁ%ag e

manufacturing a resistor witfT a straine
rovided

sideSQMIGe r 26, prefer a silicon substrate, is ,
R oo S e 0 P oA o BRSO 12500 B PR

and isolation structures 130 are forme

secofd f@&&@@dﬁ&@éﬁ?&%‘%ﬁ%‘i%ﬁ&%&?@ sg]n% o%%lgt(:)tgpten%tggg q t%[ﬂ%% 'rdgeoﬁi second

shallow trench isolation processes, for example, Comprising

 natuelching: Eenshesit. denihs inihe 008 9hARUL 000 10 Do, 9900
angstroms, and filling the trenches vSit a trgﬁ@?ﬁ‘i ?rﬁlé%ﬂue 9etc Fic mha 3%?51&1 126.

A Sﬂgﬁﬁlﬁm iwakpepal-deRosition for.example é&%rgévaeaéhcga%%se%'-ggscsw R contrast,
the doped region cor_lstituting the résistor 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 (TSM03-0553),
which application is Incorporated herein by reference. . Using the methods taught herein, this

resistor can be formed simultaneously with a strained channel transistor.

(60407 The present invention teaches a method of forming the strained channel transistor
132 on the same semiconductor substrate 126 as the conventional resistor 124 using the same

fabrication or manufacturing process.

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

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



in Figure 4a. The trench filling dielectric may be silicon oxide, for example.
lon implantation may be performed to form n-type and/or p-type well
regions (not shown). Figure 4a shows two active regions: a first active
region 142 where a conventional resistér 124 is to be formed, and a
second active region 144 where a strained channel transistor lit is to be
_ formed. These active regions might be of the same conductive type as
IeZIopREh kR SE R h ey aglBeicifrerent> Cand eiirped peides '
regions 140 are shown in the Figure 4a even though these regions have
rench ORISR MPRTESSYET [OOEDIEACHRIEISREIR HTs theRmsacH g Gdeahy
“active region 144, as shown in Figure 4b. The gate stack 146 comprises,
the rangsRE ADRIEGH 1 2B08YEPIAiG B GRS dRd SLtHE T50TePRESY HED BIERICT 46108
may additionally comprise a gate mask 152 overlying the gate electrode

dieleqzig MR GHFGER1GH HEBTPETRHE the G AT HRASICLBS VilF GEESTHE (IBAT SLOR

. +._.below. [0043] The gate stack may be formed by the followi rogess. A .
= Fighits'tie REB OIS THE SRR R0 f%?éﬁﬂ%ﬁ% ﬁ%ﬂf@ﬂﬁ@m‘m

, ate dielectric formation process known and used in the art, e.g., thermal
Ay g%l %ﬁef{ﬁ?iéﬂéﬁbﬁ%ﬁdﬁg@(ﬁ@@%@ﬁﬁﬁ{l 6?%%&?8&?%%@ LB’E??E%BSI fono s o
i ke o s el O b el e
ol B2 S O A Sl S A
e e S B ROTE o iR B0 L0 Pavices aide

s Hum cryniide (HOM) iy igale (IS0, ARG

oxide , ZIrconium oxynitride” (Zr ,_zZIrconium silicate ZrS|.§4),

e gl&ﬁg@w% g&g%&gﬁz}%% [Xge@.thalum oxide (La203), cerium oxide Ce02),

W

-[0042} A gate stack 146 is then formed in the sebcnd active region 144, as s_how:z in Figure
4. 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 niay be formed by the following process. A gate dielectric 150 1s
formed in the second active region 144 using any gate dielectric formation process known and
used in the art, e.g., thermal oxidation, nitridation, sputter deposition, or C;her'nical‘ vapor
deposition. The physical thickness of the dielectric 150 may be in the range of about 5 tc about
IﬁO angstroms. The transisior gate dielectric 150 may employ a gate dielectric such as silicon
oxide and silicon oxynitride (sr a high permittivity (high-k) gate dielectric, or combinations

thereof.



titanium oxide (Ti02), tantalum oxide (Ta205), or combinations thereof: In

the preferred embodiment, the nigh-k dielectric is hafnium oxide. The

silicon equivalent oxide thickness (EOT) of the dielectric 150 is preferably

less than about 50 angstroms, more preferably less than about 20

angstroms, and even more preferably less than about 10 angstroms. The
10037 sical, thickness of the dielectric 150 may be less than about 100

angstroms, Widre irkrsranirfesslthan apont 50iangstEemshang eMan diclectric
carOre E{)referabl ’Iess_ than.about 20 angstroms. [0045] After the gate
efEGHE %6 1‘8%6%[1;1@@é@é@lé&ﬁoﬁémum@iawmmgmm@m@e}xmm
(H@Z@oﬂ?d over the gate dielectric 150 layer. The gate electrode material

'can bESoIFAE Nt fne dinevmpotde (fsalinersitizon gemmaniimON),

Zire &%ss. Egaett?%%%icides, metallic nitrides, or conductive metallic oxide. In

the preterred SrbOHiFTERE #FadsIEE o dandg: bompiised apoly crystalinede CeOy),
uch as molybdenum, tungsten, titanium, tantalum, '

. ilicon.. S
titasiG! o@c.ié\é'?g?n@)hgﬁ%w% 1Sy ascebiotion BEtee tdp tleottdeesd

platinum,

embhd llic. nitrides may .include, butare not restricted to, molybdenum
o itﬁ(‘ééﬁ%%neg% r}ln&r?%{??ag?ﬁfér%fﬂ%‘%ﬂﬁaéi,eaﬁ@lwﬂtammmma& Miekatlickness

Hich include, but will not be restricted to, nickel silicide, cobalt
®ogiligides may.ing -

silicide. tungsten SificidE RAIT Siiarieb adinta uressiiokd s1qpkatindrmbly less than
abostiheide, and erbiym silicide. Conductive metallic oxides may include, but

will notbe res’t%é%gae?o?l?ﬁ?r?é?ﬁ?fﬁj?w&fé Barcrhvdiurh anssisaas. [DodehiFhel
thicloRte slegirade material 148 ma gﬁ deposited by conventional techniques

such as chemica \%ég%lﬁ %E%%%%i DEREU ALY algsticae Tase ety ess than
- abodos ayihe danosition of 14 silicon and metal, followed by an

annealing to form a metal &1 ﬁ(é":%fg%% 5Sélrtbéﬁ86%uh%gt@r?éﬁ%nfbattemed
[0049 te'magsk 152 is then formed on the gate electrode 148 material using

c nver&%’ié@a(ﬂé%m%mdmgmeImmm&nED&@é&%ﬁ%e
d 1?% may employ commonly used :

eposited over the gate'dielectric 150 layer. The gate electrode material 148 can be poly-

crystalline silicon, poly-crystalline silicon germanium, metals, metaltic silicides, metallic
nitrides, or conductive metallic oxide, In the preferred embodiment, the electrode 148 comprises
- poly-crystzlline silicon. Metals such as molybdenum, tungsten, titanium, tantalum, platinum,
and hafninm may be used as the portion of the top electrode 148. Metallic nitrides may include,
but.are not restricted to, moiybdenum nitride, tungsten nitride, titanium nitride, and tantalum
mitride. Metallic silicides may include, bt will not be restricted fo, nickel silicide, cobalt
silicide, tungsten silicide, titanium silicide, tantalum silicide, platinum sificide, and erbium
silicide. Conductive metallic oxides may include, but will not be restricted to, ruthenium oxide
and indium tin oxide.
(004673 The gate electrode material 148 may be deposited by conventional techniques such

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



masking materials such as, but not limited to, silicon oxide, silicon
oxynitride, and silicon nitride. The gate electrode 148 is then etched using
plasma etch processes to form the gate electrode. The gate dielectric 150
on regions not covered by the gate eléttrode 148 is preferably etched
away. [0047] As shown in Figure 4c, a first mask material 154 is

_siﬁc&eﬁl‘asﬂ_@&l%?fo@?d al6, S1ack 420, (hNg firstmaskmal Q%ia%ﬁé‘d@&%@ﬂaﬁ‘. A

dielectric such as si%con oxide, §ihcon oxynitride, or silicon nitride, fo

pa«mgz@mm@amm%@rﬁ%%&ﬁmw{@%gﬁe the first f{éﬁ%ﬁﬂﬁhgqm@ﬁ%w

a silicon nitride on silicon oxide mufti-layer. [004 second mask

‘ depo@ﬂ@gﬁrﬁh %ﬁ@téﬁﬂﬁ@g’?& mgnﬁltﬁigg %%%%%‘{é?ﬂa%@s@'?&éfﬂmgfn%%only used

‘techniqués to cover thé first mask material 154 in the first acfive region

| 'masklﬁgﬁéﬂaﬁalgmg@.%ﬁtaﬁoﬁm@a%kmﬁ@{@ﬂ%‘m&ﬁ%meg aGliVBicon

. region 144 as shown in Figure 4d. The second mask material 156 may

- niri@OMBEseanxmasking malsrialibabisdiferent fomdhe lstdnask me cate

' materia7 154. In the preferred embodiment, the second mask material 156

electEQRPTIEE S ARHQIRIES ST PA4RAnSiching.obihefist mask-matesial dederably
in the second active region 144 is then performed in the presence of the
~etchepgeRgd mask material 156. The etching is preferably an anisotropic etch

done using plasma etching techniques. This results in spacers or liners

58 being formed.adjacent to the gate stack 146 in the. second active
i””“*?fgion%ﬁ?&@ﬂgﬂ W Bib R B8 RS o SR PEE Ay~
_ removed at this paint. [0050] A recess with depth d is etched in the . . .
4. LAt ArkI TORIORE B8 AR W FILHS TR SR g B e, o

lished by a p a etch using chlorine and bromine chemistry. .
”é% o Ef*ﬁcaé}(g?e ES‘EE% rc%grre%sen%odu}m% 0 ous[tgbaslk ngtten@ o IOXpnses a‘

sﬂicacgl%?
~he: dep the recess may range 1ro angstroms

: Sﬁic%bﬁagéeognos&ré%%tgoxfggm%i_%gonal anneal may be performed to facilitate
silicon migration to repair any gtch damage as well as to

: {(5048] A second mask material 156 is then formed using deposition and photolithographic
techniques to cover the first mask material 154 in the first active region 142, while e}cpdsing the
first mask matériai 154 in the second active region 144 as shown in Figure 4d. 'I‘he second mask
material 156 may comprise any masking material tﬁat is different from the first mask material

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

[0049] An etching of_tbe first mask material 154 in the second active region 144 is then
performed in the presence of the second mask material 156. The etching is preferably ac
anisotropic etch done using plasma etching techriques. This resulis 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.

[0654] 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



slightly smoothen the silicon surface for the subsequent epitaxy process.

[0051] Next, a second semiconductor material 162 is epitaxially grown to

at least partially fill the recessed regi%1 160. This can be accomplished

using selective epitaxial growth. The &pitaxy process used to perform the

epitaxial growth may be chemical- vapor deposition, ultra- high vacuum
dep@f@ﬁmalry@gpﬁg?p%g%&%\&gyg? r molecular E epitaxy. The

epitaxially grown materials may also e tsgrr? 3%)%%%0% 8@??55%&8%&“ optional
annehanndler pgipankd4 ofte transisiar 3 forming a raised source and

drain structure (not shown). In the first pre e{r?er%&eﬁ%%%éiﬁf%ﬁ%ﬁ%hﬂs to

slightismivoritlerctts Matelial 62 SOMPLSas q%feﬁél_%qpé)%ermanium with a
n

germanium mole fraction between about 0.1 Bout 09. In the second

roospreferred . embodiment,. the lattice-mismatched zone is comprised of
sﬁicon-caﬁ%rgr?e\?v? i 3 CHBRIARSIB e folt of S Isatiweahysowt 01 lemd partially

fill tebRutQ.04 52]-The gate mask 152 covers the top portion of the gate
electrode 1%%%0@%3?%@ c@ﬁi%ﬁ'%ﬁoé?%ﬁ?%éé%s&ﬁ%‘@ gateeieetrode. The
epitak4 @robheg i overs the sidewalls of the gate electrode 148 so that
| ng%gitaxiag%{ré\%t%%ggu{%eghmfﬁ SEEHeyEpithsmicgl sarer dpptséigatelira-
higheleetrade 148 si Is potent; esults in an electrical short between
the gate stack alﬁa?%ﬁée%%f}%%%ta déw}’e%ﬁ&f‘%leﬂ]@? fsesarArspidaal

pita&RMFYE lally grown to caver the second semiconductor
D VR B FALY CoMPSEECRrERe of e

material 162. For exa

assemicondGior MelEUel 20, 25 oy i Flgre, 49, The pUpOse Of e

having the cap layer is to facilitate the su

embadsistgnge sHigidedn the apuics.and drain regions 140, 16 [0054] .

Following epitaxial growth, the gatléarg@s%ﬁfggf%%eﬁ S SEE A HEniNER 2
germablncan kerRRURBANYSMNES: 1 and abowt 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.

[0052} The gate mask 152 covers the top portion of the gate electrode 148 so that no
epitaxial growth oceurs 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,

[0053]  An optional cap layer may be epitaxially grown to cover the second semiconductor
matengl 162. For example, the optiozai cap layer may comprise a first semiconductor material
126, as shown in Figure 4g. The purpose of having the cap layer is to facilitate the subsequent

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



[0055] The epitaxially grown first and second semiconductor materials,

126 and 162 respectively, may be in-situ doped or undoped during the

epitaxial growth. If undoped as grown, they may be doped subsequently

and the dopants activated using a rapi& thermal annealing process. The

said dopants may be introduced by conventional ion implantation, plasma

immersion ion implantation (Pm), gas or solid source diffusion, or any

005G her fetligR i RABMF &, (et BEA BrekakE2Ae) Inplastehrmag ey 158 can be

' . amorphization can be annealed through subsequent exposure to elevated

P A ETARIRSS. A first shallow implant can be first performed to dope the
shallow regions of the resistor body 128 and to form the source/drain

[005&XtensibaspitAQ-0f the viiansister 3 asshowruincrigeidh: 10056 A2
spacer 170 is then formed, followed by a second. and deeper implant. The

respeseeaydmisn plant-sddidonaly dapps theiresisienphedy b28vandralse:ieAas grown,
the deep source and drain regions 140 of the strained channel transistor

they 82 b¥ erstiuctusgdanmed adthisstagedsvshoweiin Figuieti00sakdhe

~ resistance of the source and drain in the transistor can be reduced by

procstrappingididersaurceddraimregions shA@ withtiosilicide i dn @i USHg A
self-aligned silicide (salicide) process, or other metal deposition process.

inmITHigigilusplatediim Fglred cAsmaskunsudlifutamarising e exigegiss known

“typically used prior to the silicidation process to cover portions of the

and e strditeanh érey Sticideitibmiznot intendedtiForaxhmpbe:theé thxidghmaskquent
covers the first active region 142 while exposing the second active region

expogyg fpelbsddumnesiticidatiofirproedss theteforedfornfisssilicitesctind drpe the
the gate electrode 148, and source and drain regions 140 of the strained

shallgfisprertraiiéisteriysobwitild handiticidenistionmeceidrtie firsnsotive f6gibte

. 142 when, 17 the resistor 124 is located. We not shown, resistor 124
Tansggfthets AR for s bihthe

[0056] A spacer 170 is then formed, followed by a second and deeper jmplant.. The second
~ implant additionally dopes the resistor body 128, and also forms the deep source and drain
regions 140 of the strained channel transistor 132. The structure formed at this stage is shown in

Figure 41,

{60571 The resistance of the source and drain in the transistor can be reduced by strapping
the source/drain regions 140 with a silicide 174, e.g., using a self-aligned silicide {salicide)
process, or other metal deposition process. This is illustrated in Figure 4. A mask, usually
comprising an oxide, is typically used prior to the silicidation process to cover portions of the
substrate where silicidation is not intended. For example, the oxide mask covers the first active
region 142 while exposing the second active region 144. A subsequent silicidation process
thereforer forms silicides 174 con the gate electrode 148, and s.ource and drain regions 140 of the

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



silicidation process. [0058] Next, a contact etch stop layer 176 may be
formed, followed by the deposition of a passivationlayer 178, as shown in
Figure 4k. Contact holes 180 are then etched through the passivation
layer 178, stopping on the contact etch’stop laver 176. A conductive
material is then filled into the contact holes 180 to form conductive
" contacts to the resistor 124 and the strained channel transistor 132 as
ESHGHAY ir? Figlicswd.. [H0BORin thesfirstambadiment:a rasistor.aad siained
Tchannel transistor are integrated into a single device. In the next
st l&WﬂSJBHiPﬁ@ﬁiS-a strained channel transistor is integrated into the same
chip as a non-strained channel transistor. Since the use of a contact etch
[00s&p ovekthe BeRastanNed irADs] cou‘fd result jn.strain, in this context,
a non-strained channel tranéysis?or??érrnﬁ(-%El n et@%@ﬁ]é@ﬁ‘ffé‘n@s@ {riqpsigion of a
pasmiottitnalinesl1Using seMEe/drain stiessars, [4060] The second embodiment
will be described in the contgét}of a[n%%%eagc[r[a o fowe tﬁ%%&?ﬂ?sﬁ fypugh the
" pasprraticdidetaringg afdppe¥ehCMO S devic before, the squrce and | |
* drain regions are etched and then refiIIegggﬁéﬁ%cf)l%r,&gérgﬂ?u}ﬁft]cva?@é‘ﬁflalr is then
ilebmbihatianscthereot she aliaxis Hlapasiied.on the laver of siliconby a
selective epitaxy process thereby creating a gtresosﬁlr? f%nsewtg 3%% %fﬁiﬁé&me‘i

Cha@mhﬁm@st@etmmﬂﬁ&@wmglm_drain. The larger lattice spacing creates
a compressive stress and the smaller one creases a tensile stress. [0061]
[00580Mpresgive stress improves carrier mobility of the PMOS transistor and
degrades carrie?lgrﬁggﬁ%%fatﬁeé‘ﬁﬁﬁ S SHIWETT RiginegrSed into
a'ghaéqgjdévilgei_slﬁqhgky tg of.. certain embodiments of this invention to ' _
a\{rllj i en&fnaeﬁqﬁﬁ?ﬁgmﬂf%ﬁﬁiﬁ’é@%@gﬁeﬁm@e same

separate n-channe p-cha
chipand magnitiide of e strain in the channel region of the transistors. It is

desirable to induce a coar%%rsé%réi\%n Str ﬁqﬁ?tﬂ%aa?ﬁﬁﬁb%hﬂiép&ﬁﬁéﬁﬁépm
StraiffanEatNdn Lr‘mﬁ@&%%ﬁmm in this context, a non-strained channel transistor is meant

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

‘[0060] The second embodiment will be described in the context 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, geranimﬁ, carbon, or combinations thereof. The allov is
deposited on the layer of silicon by a selective epitaxy process thereby creating a stress in the
channel of the transistor between the source and drain. The larger lattice spacing creates a

COMmpressive stress and the smailer one creases a tensile stress.

[0061] Compressive stréss improves carrier mobility of the PMOS transistor and degrades

- carrier mobility of the NMOS transistor, as shown in Figures 5 and 6. Itis an objective of
certain embodiments of this invention to Separate n-channel and p-channel transistors by
engineering the nature and magnitude of the strain in the channel region of the transistors. It is -

d . . .. . . . ’ .
esirable to mducg 4 compressive strain in the channel of the p-channel transistor in the source-



to-drain direction and compressive stress free of the n-channel transistor.
It is also desirable to induce a tensile strain in the channel of the
n-channel transistor in the source-to-drain direction and tensile stress free
of the p-channel transistor. [0062] Andther preferred embodiment of the
present invention teaches a method of integrating strained channel
transistors of more than one conduction type with minimal degradation of
to-draap st nability Jope3 L Refemrirpnoiito f-igarssY ranprcesk fiolsshowiige ©
. the method of manufacturing strained channel transistors of multiple
induce drigRiEicH AR shwRkrrRMinidhclegladatioranfisarfie hemolititytisidas clitseton
A semiconductor substrate 200, preferably a silicon substrate, is provided
and eRaideiSBETatispe s teaarelnws akasteiimed to define active regions in the
substrate. The isolation structures 202 may be formed using standard

~ [00623halloxs sienchdaelation ST AEEeRs SRS Al iBXARI 8. LOMNN BHIGLer
steps of etching trenches with depths in the range of about 2000 to about

inte 10000 ang sy emsnandfilingtbetrepehasonithadiensh filing:dielactis
material.by chemical vapor deposition to give the cross-section as shown

degraihFigufesf=dihectgmneh filling dielectric 202 may be silicon oxide, for
example. lon implantation may be performed to form n- type well regions

~204 -type well regions 206. Figure 7 shows two active regions: a first
100630 o R S0 WSS 1 e P PR it I gerimng

- farmed, and a second active region 210 where an n-t channel .
st A BT & G R S T R b AR S e

mobﬂi?%s%gcggé:@ ng %gxlsé\\égnrc%@t%? §u%9t§a/. %\%a" 2 e%g%\@%%nﬁiigo%reugégﬁ% %gagtfgvided

ack 212 may additionally comprise mas overlying

‘and is%igﬁgi?%&a:r%s -’EB@ @‘Egrﬁ%fllt(%%nlazn%o{]e@%sr%s '% .%gliel%% tr?rgl e.2 e isolaticn

“overlying-a gate dielectric e gate diefectric ormed using

swuc @Y SR leaideImanonRAseaR PN, AN HRe] B HG A E D or
thermal oXidation, nitridation, sputter deposition, or chemical vapor

example, comprising the steps of etching trenches with depths in the range of about 2000 to

about 6000 angstroms, and filling the trenches with a trench filling dielectric material by

chemical vapor daposition to give the cross-section as shown in Figure 7. The trench filling

dielectric 202 may be silicon oxide, for example. lon implantation mayv be performed to form n-

type well regions 204 or p-type well regions 206. Figure 7 shows two active regioﬁs: a first -

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.

100647 A gate stack 212 is then formed in the first and second active regions 208/’210, as
shown in Figure 7. The gate stack 212 may additionally comprise a hard mask 218 overlying the
gate electrode 214, ’Ihe; 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 art, e.g., thermal oxidation, nitridation, sputter 'deposition, or chemical vapor



19 deposition. The physical thickness of the gate dielectric 216 may be in
the range of 5to 100 angstroms. The gate dielectric 216 may employ a

conventional gate dielectric such as silicon oxide and silicon oxynitride or
a high permittivity (high-k) gate dielecﬁr?c, or combinations thereof. [0065]

The high-k dielectric preferably has a permittivity of larger than 8. This

dielectric can be one or more of aluminum oxide (A1203), hafnium oxide
depogHifen) Thaphismokyriitdeecd HION) hafniusiicals (HSIRMZICORIUM, o)

oxide (Zr0O2), zirconium oxynitride (ZrON), zirconium silicate (ZrSiO4),

angsyegritinT bxide (203): lanthalyreneXide: (:a203)o SR BXIG8-£80R ks silicon

. titanium oxide (TiO2), tantalum oxide (Ta205), or combinations thereof. In
oxidgiedgikiterexyrémbortimisigh therithitk dielertri.is dabaivin oXideTRons
silicon equivalent oxide thickness (EOT) of the dielectric 150 is preferably
- therepdss than about 50 angstroms, more preferably less than about 20
angstroms, and even more preferably less than about 10 angstroms. The

100633y sicale %@%&aﬁ%&#&ﬁﬁf %&gg%@@%%ﬁv’8??&?{%2@?05‘1%@%@ |

angstroms, more preferably les angs

can bnare-preferablyJass, haniabout, 89 nasaMe 006] Alep e gale, o

dielectric 216 is formed, a gate eléctrode material 214 can

(HfONgpasites ovexthergats, dislestic 216, The gat L?J&%H%?f%guattﬁ%éagﬁ&\w
INe si ’

can be comprised of poly-crystalline silicon, poly-crysta silico
zircomjermdnivtenZretalsyfretallicisiieid ),'I@Eﬂlﬁﬂ%%@eéi’ % Oggryu%llvo?{ide CeQy),

metallic oxide. In the present embodiment, the electrode 212 comprises

titnipolyxaty sTatinessticen Jetafs:such as.melbdenum. [Lrgsten, {#@f&k‘f‘é’ﬁ'

- tantalum, platinum, and hafnium maybe used as the portion of the top

embogisctiothe Bid-kMietathic idridas may iBeIudR, s Ut ALe ROLLESIGI ARk ess

. molybdenum nitride, tungsten nitride, titanium nitride, and tantalum
(EQThitfidie diletaiicl Slicidesisnayyineluden Bsuvibnat e restisie b 1QeRiskBlss than
silicide, cobalt _ :

about 20 angstroms, and even more preferably less than about 10 angstroms. The physical
thickness of the dielectric 150 may be less than about 100 angstroms, more preferably less than

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

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

silicide, tungsten silicide, titanitm silicide, tantalum silicide, platinum silicide, and erbium



silicide, tungsten silicide, titanium silicide, tantalum silicide, platinum
silicide, and erbium 20 silicide. Conductive metallic oxides may include,
but will not be restricted to, ruthenium oxide and indium tin oxide. [0067]
The gate electrode material 214 may Be depositedby conventional
techniques such as chemical vapor deposition.. The gate electrode 214
.. may also be formed by the deposition of silicon and metal, followed by an
silicienéamegoty formadionetabsiticidndate, electiudemateriabdy PaerBed: oxide
hard mask 218 is then formed on the gate electrode 214 material using
and geBERioAtge photolithography techniques. The gate mask 218 may
employ commonly used masking materials such as, but not limited to,
[006sTlicon i dessilicopsexynitride, and silicon nitride. The gate electrode 214
is then etched using plasma etchqglr%cl%egse S %GFE?%C%@%%%D & e5 such
as chbhgcgatediglestie 2 16-an1edigns natgavered by the gate electrode 214
_is preferably egtched away.” [0068] As sﬁgv%a naﬁ%bﬁrgyg?%géigﬁ%esg‘fﬁ%sﬁfﬁ? of
 sitie@2is-fermedioves thefitshandhsecond, Acllys redigns 208/210. The .,
: disposable film may be a dielect%c filmq}or%%g iv’%%ﬁ%ef% éer{ﬁ?cgldev%lﬁ%gpal' A
pattetlef0sition PEANESS BESRHIEH %ﬁ@géga?@a!&%ﬁ%%egsa%%-‘;@m Y- position and
comprise oxide, for example. In the preferred embodimen ,lﬁ'ue
photdlispesable fimd20 istetween aboyt 10.and abous teme ek
and more preferably between about 10 af\‘d a@gﬁt 228%9(2}1(3 stroﬁmst ICK.
mete{00GSEAfrsumaskimatana 228,shaundn Eigue: s danesipd ovsr e,
first and second active regions 208/210 may bé silicon oxide, sﬁlcon
gate Grymittide ar siicennitridendpihenrefarsd embodiment. the firstmask,,
material comprises a silicon nitride on-a silicon oxide multi-layer. [0070]
g3t Hrguredll Showsaserond-aask material 224-forned oyerdhe segond; away.
active region 210 using deposition and photolithographic techniques to

over iIrst mask material 222 in the
roogsgover Ahefirgt gﬂ%gure%t, a %sposabg%}tm 220 is formed over the first and second

active regions 208/210. The disposable film may be a dielectric film formed using a chemical -
vapor deposition-process or sputter deposition. The disposable film may comprise oxide, for
example. In the preferred embodiment, the disposable film 220 is between about 10 and about

1600 angstroms thick, and more preferably between about 10 and about 200 angstroms thick.

(00697 A first mask material 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
preferred 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 Ay COmprise any masking material that is



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 21 different from the first
mask material 222. In the preferred eribodiment, the second mask
material comprises a photoresist. [00711 An etching of the first mask
el at(te(arfiﬁal 222 in the second active region 210 is then performed in the
fe¥ence H’Ftﬁ’@téﬁ%ﬁﬁﬁ%l@hﬁa@ri@h@?&eﬁhﬁ@ﬁ@bﬂi&ﬁdﬁtm@f%&gm a1
a2 otropic etch done using plasma etching techniques. This results in
dispoSABiEsEhAEBrEsisiners 226 being formed adjacent to the gate stack
212 in the first active region 208, as shown in Figure 11. [0072] After the
[{)Uaﬁposahlmgﬁ&@%ﬁtggﬁrgrﬁggmr-rg%§§ regions 228 are etcgeg in_
the active area substantially alignedlwith thseCE ?S%Sg%%?é:%vﬁa{g& Ap\then
periliiood ettty hemistey eatledisedasiscssed ahoye, The secon
“mask material 224 may be removed after etching. O?\){ ﬁ%ﬁf%%% owh
mispiPYarch Apsecang Memicongkstor material 230 Js.epitaxjall wn to at
; least partially fill the recessed region 23‘%. This can.%e ?célg%p%% fegtoems o
nelsiAg sekivecepiaxial gy oWt (SEC) TheLpilaty REGE AT 35 shown n
_ perform the epitaxial growth may be chemical vapor deposition (CV )S
Flg‘-Hﬁthhigh vacuum chemical vapor deposition (UHV-CVD) or molecular

beam epitaxy (MBE). The epitaxially grown materials may also extend
[00ERove thesyrfaceQfihe channel regign 232 of the second active region
e And® T30 STt o s o WERIghve in the

210, forming a raised source an ai

actidarb thesseeqnd preferte diment, the second semiconductor
material 230 cgci)mrgpri%es of%l(l%l%%on1S é)rsrang%ls'@ranc Wthzg'g%r?ﬂ%ﬂﬁ%ﬂ@msm can

be uﬁlﬁd@ﬂs&@ﬁ%&@%@&ﬁﬁ%ﬁ?@-%&?&%hﬂ rﬁ!ﬂ %ﬁ%?ri %rrg%%rgﬁ%%i%%@éqg.

embodiment, the lattice-mismatched zone iSTto

{007§ﬁith a %%rl%on ole fraction of between about 0.01 and about
AlL-as shown in Figure 12, second semiconductor material 230 is epitaxially grown

to at least partially fill the recegsed region 228, This can be accomplished using selective
epitaxial growth (SEG). The epitaxy process used to perform the epitaxial growth may be
chemical vapor deposition (CVD), vltra-high vacuum chcmicﬂ 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 s¢cond active region 210, forming a raised source and
dram 230 structure as shown in Figure 12. In the second preferred embodiment, the second
semiconductor material 230 comprises of silicon germanitmi 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.



0.04. 22 [0074] The gate mask 218 covers the top portion of the gate
electrode 214 so that no epitaxial growth occurs on the gate electrode
214. The disposable liner 226 prevents epitaxial growth on the gate
electrode 214 sidewalls. [0075] FoIIOV\ﬁRg epitaxial growth, the gate mask
218, disposable liner 226, and first mask material can be removed,

[ ) in Fi 3. itaxiall first
wigmraiieshulys Samint e 5,088 ps ot ot

ped or undoped during the

epiteRitRcialaroudls Hundoned:as . grew 4.itﬂ@>ﬁ9§0gﬁm sently and.:q)

the djopants activated using a rapid thermal annhealing process. The

sroRORAMS DRY he nfosuced. byrconventional ion implantation, plasma
immersion ion implantation (PIII), gas or solid source diffusion, or any

,grler techniques known and used in the art. Any implant damage or
0% orpRiZheiBHE SR ezl dithpalrgRAskiBE igtE Bilp HaET 840 BIeVERIgnask
temperatures. [0077] Figure 14 shows the semiconductor device after
m‘?ﬁ%@?&%&?&ﬁiﬁ%ﬁw AR praftatoR 4R be performed on the
structure of Figure 14 to dope the shallow regions of the first and second
[00 @ nsisDiesourcsadndrdsai fire gion scanchia forn the:say reefdesin sitn doped or
extensions, as shown in Figure 14. [0078] Spacers (including regions 244
undapd 246) ate: fgrined grotha. sidesdobtiegateselactiadee Added subeuently and
: example, the spacers may be formed by chemical vapor deposition of a
the diglactrctimsrialge: gipsilitamaxidesaiisilinonasitrite; fofleweddybaintroduced
- anisotropic etching of the dielectric material to form simple spacers. In the
by esrapnpledfitigumealdtithe Spaceisarestompositel spater P T compositel source
__spacer may comprise a dielectric liner 244 and a spacer body 246. The
diffgselecrrientingieR#4imayebbnonmetivypdh e depositisnycinaldielbodgdiner
material, e.g., silicon oxide, and o L -
amorphization can be annealed through subsequent exposure to elevated temperatures.

[0677] Figure 14 shows the semicondnctor device after further processing. A first shallow
implantation can be performed on the structure of Fignre 14 to dope the shallow regions of the
first and second transistor source and drain regions and to form the source/drain extensions, as

shown in Figure 14,

{007 8] Spacers (including regions 244 and 246) are formed on the sides of the gate electrade
214. In one exampie, the spacers may be formed by 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 example of Figure 14, the spacers are composite spacers.
A composite spacer may comprise a dielectric liner 244 and a spacer body 246. The dielectric
liner 244 may be formed by the deposition of a dielectric liner material, e.g., silicon oxide, and

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



the spacer body material 246, e.g. silicon nitride, followed by an
anisotropic etch using reactive 23 ion etching. In another embodiment,
the liner 244 may be an oxide and the spacer body 246 may be a nitride.
[0079] The source and drain regions 6r the first transistor 236 are formed
using ion implantation while covering the second transistor 234. In the
ion B ferre{%embodiment,‘ the dopant is arsenic or phosphorus or a
100 L8N AT GRCGTeh GRRboriHReEb it nsn dddrainy rey iorridr ahé theepavdr body 246 may
he Jﬁﬂﬁﬁftor 234 formed by using ion implantation while covering the first
transistor 236. In the preferred embodiment, a dopant such as boron is
- used. A passivation layer 248 is formed over the first and second active
[0078gionsT26821@. {0D&GL A third Rrbedimentefihenresentinvention wil
~ how ‘be‘delscribed with respect to Figures 15-19. Figure 15 shows the
implpignre bildigument 2raftercha thespracessing e prftigbiAmIbdiment, the dopant
_ source/drain implantation step has been performed as described above..
1S arpAERier qhsepithies in plemtbchaiaparitsoextamd Soreugimihe 58e8A6hs for the second
semiconductor material 230 into the first well region 204. In this case, the
transy@py eefdfermeeblorsntiudepkecand sémicanddatomerieiah2e0ams avel the
as the doped portion 240 of the first semiconductor material 200. [0081] A
Pref4mRdl b esimpetiayep@B 2ushonbmintFigurel 16, prefenably]ayphDiBesistdd over
then formed using deposition and photolithographic techniques to cover
the Tt s pesomdeaieraienaifé2 | Oexposing the second active area 210. An
etching of the first mask material 222 in the second active region 210, as
(onsdescribedabeneofastlis idisResavle spRcemIPAR Al [opeq aiacet 1,
to the gate stack 212 in the second active region 210, as shown in Figare
Figui6 10082 FRoped et/ s24Qinth @fftf%fsriﬁ%@ Hﬁ%ﬁéﬁ?&@é@i&%p?ﬂ?&ﬁcm&
e

formed using doping: - methods descri implant damage or

d above. Any i
a souggpidrati zaidmeasn bR BNCRIGOIHOUENN as described above. In this case, the

implanted dopants extend through the second semiconductor material 230 into the first well
region 204. In this case, the source/drain regions include second semiconductor material 230 as

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

[0081] A third protective layer 252 shown in Figure 16, preferably a photoresist, is then
formed using depqsition and photolithographic teéhm'ques to cover the fﬁst active area 208 while. .
exposing the second active area 210. An etching of the first mask material 222 in the second
active region 210, as described above, resuits 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 are formed using 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



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 24 performed to dope the

source and drain extension regions 2380f the first and second. transistors

236/234. The resulting structure is shown in Fiore 17. [0083] Figure 18

shows the semiconductor device. after further processing. Additional steps
performsy incRpidtfotaiieg Adideingdeariarasmare? 20 thh e sidewortfianyhters

stacks 212 for the first and second transistors 236/234, and forming an
236/ Qéfbh%ﬁﬂ‘é%g g EEvBriAgthéffistshd’second transistors 236/234.

[0084] Figure 19 shows an alternate embodiment where the spacers
[008R44/28G-have heen teliminatedy QReAPKEPORe  OhHRe; SPACREMH Alditonal steps
- embodiment such as shown in Figure 14, for example, is to mask the

- may Belikefsirain extansiansde dpdightyriaped dminidwisgdormatinn. fof tiadrst
heavily doped source and drain region. As shown in Figures 16 and 17,
‘and shaveversiedEyily: dopechsoi e Afdsarainke gionsc24dnaraSarean second
- prior to the formation of extensions 238. Accordingly, the spacers are not
transieedExbfig4this purpose. In another embodiment not shown, spacers or
~ other sidewall lines can be included that do not align with the heavily
oped-sour nd drai ons 240. resista
0s 0PSRN 98 A SR R A ranS|s orspa%%i%‘%&t gt

ource a amn o Second.
.- c strapp the ate electr 4 an rce an
e e e 2 c.dﬂ S ﬁg:fnsgca SRS g o
licidle) pro [ Qsiti £
. %lign% are s%%%v%r?%t |gure éé';'[%% Tt V\%§ %ﬁ%ﬁn@%ﬁ%ﬁ%&e

the h@aﬁgﬁ%(ggd%@xgg Ghyy Ql%ﬁ%g g?h?;[g}%%&% Hi' %@BE@ 98 ubs HAEARRL Qﬁésﬁgﬁvﬂy "

her transistor. In iment, all , three components

doped source and drain regions 240 are formed prior to the fommation of extensions 238.
Accordingly, the spacers are not needed for this purpose. In another embodiment not é.hown,
spacers or other sidewal! lines can be included that do not align with the heavily doped source

and drain regions 240.

[0085]  The resistance of the gate, source and drain of the first and second transistors
236/234 can be reduced by strapping the gate electrode 214, and source and drain regions
230/240 with a silicide 250, e.g., using a seif-aligned silicide (salicide) process, or other metal

deposition process. These silicided regions are shown in Figure 18.

[0086] 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.



can be formed in the same substrate. 25 [0087] In other embodiments,
other components can be formed with the strained channel transistor. For
example, a capacitor is described in a pending application Serial No.
10/627,218, filed July 25, 2003 (TSM¥3-0556). In another example, a
diode or lubistor is described in a co- pending application Serial No.
10/628,020, filed July 25, 2003 (TSM03-0555). Both of these applications
(00871 e iMeBHyorambadierain bihve teraprient sgbhtortepisttasghinhe nsimael
: . any of the structures taught in the co-pending applications can be formed
transisfon ROL SRR G FRRRS 4 thaessihndda enenhet periistion Je0g8g on 627,218,
filed Jf rggoiggf@ecificationé the invention has been described with reference to
: %?a ifit SrnbotiEnts CHJhevERey IR amb difidatiobisien ieHasrgibedciarn co-
di be made by one skilled in the art without departing from the scope of the
pen nﬁr@%ﬁ%ﬁ%r‘%ﬂ@diﬁ%r}@f ARt 88 28pRiRcIRBA0ARS FiYurBathrs teese
a Lel® I{e?r%rded inan ﬁﬂ ustrative rather than a restrictive sense, and_ all such
PP R dificati R YA Th ISR gt b Breeictu deaimRirrienst Satd bareitp rare Rl
en% 0089] Moreavyer, the scope of the present application is not

SR CROR o B HrATBCHS TR GHPRE Sl ErBORATBAS EFRe omEas: e

. hine, manufacture, composition of matter, means, methods and steps
strame &%mt ? . s s . -
g]e cri t1’egalrrﬁmt#ex‘spec:lflcatlon. As one of ordinary skill in the art will readily

appreciate from the disclosure of the present invention, processes,
10088 macHings, faregnitacreficompasiionsiimatteesmeansbaethodsOhce to
__steps, presently existing or later to be developed, that perform
 specifigg A-tHeos v, fumotiomodifichieue substantaliydie sameesdtsagled
.. the corresponding embodiments described herein may be utilized o
in the arpwitivitaamia piese tinvstidrbe Acdortinglyb tderappeadeddiain share
...intended to include within their scope such processes, machines,
specificalion sadigeres srapb SRibHe b himer ilpsaaies radEicls; orestopsve sense, and

all such modifications are intended to Ee included within the scope of the preferred embodiment.
[6089] Moreover, the scope of the-present application is not intended to be limited {o the
particular embodiments of the process, machine, manufactire, composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the d"lsclosure‘ of the present invention, processes, machines, manﬁfacmfe,
compositions of matter, means, methods, or steps, presently existing or later to be developed,
that petférm substaﬁtially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according fo the present invention.
Accordingly, the aﬁpended claims are intended to include within their scope such processes,

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



26 WHAT IS CLAIMED IS: 1. A method of forming a semiconductor chip,
the method comprising: providing a sggmiconductor region comprising a
first semiconductor material with a first natural lattice constant; forming
first and second active regions in the semiconductor region; forming a
first gate stack over the second active region; forming first spacers

WHdjagsnt therfrsgre stack; forming a masking layer over the first active
region; after forming the masking layer, forming at least one recess in a
portion of the second active region not covered by the first gate stack;

1. formiagratbegondsernicandtstonmateriahip, ihe all@aatnerReess to

substantially fill the at least one recess, the, second semiconductor .
et e B RSP B ot T P gl it

a firstraaitialtadicesgenstant; forming heavily-doped source and drain
regions in the second actiye region on opposing sides of the first gate
stacv{?’ \i%ﬁij fRe FrSPRpAcE §5?%?’%ﬁéflftgrﬁﬁﬁﬁlﬁg%‘é}i‘|§}%&6%’d”§ource
and gsaifinpegfaesgiorning igbihhdepesdnineatigibihe removing the first
spacers on opposin sidﬁ%s of th%fft gate staﬁk; removing the masking

layer SR fotin & STt arau s EonsBtHEAtn the first active region.

27 forming a masking laver over the first active region;

after forming the masking layer, forming at least one recess in a portion of the
second active region not covered by the first gate stack;

forming a second semiconductor material in the at least one recess to
substantially fill the at least one recess, the second semiconductor material having a
second natural lattice constant that is different than the first natural lattice constant;

forming heavily-doped source and drain regions in the second active region on
opposing sides of the first gate stack;

removing the first spacers after the forming heavily-doped source and drain
regions;

forming lightly-doped drains after the removing the first spacers on opposing
sides of the first gate stack:

removing the masking layer; and

forming a semiconductor component in the first active region.



2. The method of claim 1 wherein the step of forming first and second
active regions comprises the steps ofyforming trenches to define the
active regions; filling the trenches with a trench filling material; and doping
the active regions. 3. The method of claim I. wherein forming the second
semiconductor material comprises performing a chemical vapor

2. deposifionsie & Ts methediafelaimplorhaigindeniingithe: s8¢abgve
semiconductor material comprises performing a selective epitaxy step. 5.
ICGRRS HRIMSH ST BRMALE Rhherein forming a semiconductor component

comppigemdeningsadepaeregianivethe st active region to form a
resistor, 6. The method of claim 5, further comprising forming at least two

electfiditedBnizsisirmy dferdisaticlNredupiedo 4k doped region. 7. The

meth@shRfCiaémdavihesgsndorming the doped region comprises
performing an ion implantation step. 8. The method of claim 1 wherein
forming the heavily-doped source and drain regions comprises

3. performingeath ipsf implantatien-steRRinhemethad efitlaimidandfuéaar
comprising forming a capr‘[gger overlying the second semiconductor

CORBESNAPTHETEHB A/ IECIRTDHERY tE8Er8eiiikonductor material. 28

10, The method of claim 1 wherein the gate stack comprises a gate

electrode overlyirflg a gate dielectric. , ,
4, The method of claim 1 wherein forming the second semiconductor material

comprises performing a selective epitaxy step.

5. The method of claim ! wherein forming a semiconductor component comprises

forming a doped region in the first active region to form a resistor.

6. The method of claim 3, further comprising forming at least two electrical

contacts that are electrically coupied to the doped region.

7. The method of claim 5 wherein forming the doped region comprises performing

an ion implantation step.

8. The method of claim 1 wherein forming the heavily-doped source and drain

regions comprises performing an ion implantation step.

9. The method of claim 1 and further comprising forming a cap layer overlying the
second semiconductor material, the cap layer comprising the first semiconductor

material.



11. The method of claim 10 wherein the gate stack further comprises a
gate mask overlying the gate electragie. 12. The method of claim |
wherein the second natural lattice constant is larger than the first natural
lattice constant. 13. The method of claim 1 wherein the first semiconductor
material comprises silicon and the second semiconductor material
1ocomptisesaiiwbofahdng ¢ rifasniamht 4alhedrietoathatelaigat3lubesdin

formin heav% -doped source and drain regions comprises P-typed
nggﬁl@&g?%a&?n }.é%fg.t%fc}‘ne method of claim 1 wherein the second natural

lattice constant is smaller than the first natural lattice constant. 16. The

methqod of clai herein the first semiconductor material is silicon and
it i BB RS o S R
oveaBthgdiaf edairddefrardber comprising a step of forming silicide on the gate

stack, the source region, and the drain region. 18. The method of claim 1

further comprising steps of: forming contact etch stop layer over the
12resistdreanetitbe seehicaridubtoeicdrpenerdt nadridiming passhratiotatayethan
ih O)éer the comat%t etch sttoR layer; and forming contacts to the resistor and

tr F%ilsl?&l%rgub § 8 E0ntact etch stop layer. 19. The method of claim 1
wherein the semiconductor component comprises a transistor. 20. The

met of clai wherein the. transj [ ' :
Bfiel dh?ge nEthod c:alig el Twherein %}{‘é@&gg&%@ﬁﬁ&&& %ré i c%%grqgs

silicon and the second semiconductor material comprises silicon and germanium.

14, The method of claim 13 wherein forming heavily-doped source and drain regions

comprises P-typed doped regions.

15. The method of claim 1 wherein the second natural lattice constant is smaller than

the first natural lattice constant,

16. The method of claim 1 wherein the first semiconductor material is silicon and the

second semiconductor material comprises silicon and carbon.

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

stack, the source region, and the drain region.

18.  The method of claim 1 further comprising steps of:
forming contact etch stop layver over the resistor and the semiconductor

component;



effect transistor. 21. The method of claim 19 wherein the strained channel
transistor comprises a transistor of firgt doping type and wherein the
semiconductor component comprises a transistor of a second doping
type. 22. The method of claim 19 wherein the forming to first spacers
comprises: forming a disposable film over the second active region, the
dispesakiefimsavadying dhe-gaigstaskiareipieesssng dhe disposable
film to form disposable spacers on sidewalls of the e stack in the
SeCORETEE RSO Waor Sh A S Do PE el o RS SameigR ayer
disposable spacer. 23. The method of claim 19 and further comprising
forming a second gate stack over the first active region, wherein the first
19 gate KI5 ERIHRT SLEGHE dati SO LB HOHERS AR L CHBaEse" 2
trafMeidying a gate dielectric. 30 24. The method of claim 1 and further
comprising forming second spacers onto sidewalls of the first gate stack.
25. The method of claim 1 and further comprising forming a hard mask
200verthe dirghgose gtasklandHisispacenssidtor aenprétadsatolaineZbnel field
wherein the hard mask comprises multiple layers of material. 27. The
e, ST %aim 25 and further comprising, after growing the second
semiconductor material., removing the hard mask. 28. The method of
219|alnlfi]ieV¥1?eet{gQ ('gll’g glgi%‘(f quwiggf};got g .szgrg%rle % earrla%le tilgﬁggltjogggggrises a

transistor of first doping type and wherein the semiconductor component comprises a

transistor of a second doping type.

22.  The method of claim 19 wherein the forming to first spacers comprises:
forming a disposable film over the second active region, the disposable film
overlying the gate stack; and
processing the disposable film to form disposable spacers on sidewalls of the
gate stack in the second active region;

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

23, The method of claim 19 and further comprising 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 dieleciric.



with a p-type dopant. 29. The method of claim 28 wherein the second
semiconductor material is in-situ dopggl with a dopant selected from the
group consisting of boron, indium, and combinations thereof. 30. The
method of claim 1 wherein the second semiconductor material is in-situ
doped with an n-type dopant. 31. The method of claim 30 wherein the

24 Secorkt seaHeandesian malerakifdncsivpelopedowith @ Yopantsalestesto

. from the group consisting of As, P, Sb, and combinations thereof. 32. The

sidevstHoa dPeidi 425ndathther comprising, after forming the heavily-doped
source and drain regions, forming a first conductive material on the

heavily-doped source and drain regions. 33. The method of claim 32

25 wherk IR GBS OB PGS REBAE @g?mem gt the first

gafeOfaioandnigke grananosilicide Ni(SiGe), Co(SIC), or Ni(SiC), or
combinations thereof. 31 34. A method of forming a semiconductor
device, the method comprising: providing a semiconductor substrate

26comprsing@difsirsemicondugtianmateriall dhsisthsiatesnollehnglavlirstof
actjve region and a second active region, the first active region having a

mzﬁ?%‘labate stack formed thereon and the second active region having a
second gate stack farmed thereon; forming a film over first active region

and i%cond <E%iv region; forming spacers on sid%walls of the second

27gate S&qﬁga & 8@61?9023@%1 DRomprising, after growing the second

semiconductor material, removing the hard mask.

28.  The method of claim 1 wherein the second semiconductor material is in-situ doped
with a p-type dopant.
29.  The method of ¢laim 28 wherein the second semiconductor material is in-situ doped

with a dopant selected from the group consisting of boron, indium, and combinations

thereof.

30.  The method of claim | wherein the second semiconductor material is in-situ doped

with an n-type dopant.

31.  The method of claim 30 wherein the second semiconductor materiai is in-situ doped

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

32. The method of ¢laim 1 and further comprising, after forming the heavily-doped
source and drain regions, forming a first conductive material on the heavily-doped source

and drain regions.

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

combinations thereof.



etching a source recess and a drain recess on opposing sides of the
second gate stack, the source recessjand the drain recess spaced from a
channel region by the spacers; growing a second semiconductor material
in the source recess and the drain recess; forming heavily-doped regions
on opposing sides of the second gate stack; removing the spacers after

34formimnes g hedvilyndiapedsagionauand detiigHiohtyhe@peshpegians on
opposing sides of the second gate stack after removing the spacers. 35. .

The PRRYHBRSHH SFRHRORA RS RGP OPstEI AR R S hEr Sl ety gateamassiel:

theeathir£O MBS gdiiestiode RvaiingaaMadiviestibndtelfigt active
method of claim 35 further comprising a hard mask overlying the gate .

| |
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sedbadtiple: layersohharcomrask material. 38. The method of claim 36
wherein the hard mask comprises silicon oxide, silican oxynitride, silicon

nitrid@ SR IBRAEHSRRIE0YE 362 PR AT SRISBDETIAMIC End further

compsiging ahiRearowing-thaisesandsapmicendyelar makeriakoieMmening
the hard mask. 32 40. The method of claim 34 wherein the first
re&gEhiconductor material comprises silicon. 41. The method of claim 40

wherginiheseaene isemicorduaiaMaladAICopppEiseSsides of the second gate

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

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

forming heavily-doped regions on opposing sides of the second gate stack:

removing the spacers after forming the heavily-doped regions; and

forming lightlv-doped regions on opposing sides of the second gate stack after

removing the spacers.

35. The method of claim 34 wherein the first gate stack and second gate stack each

comprise a gate electrode overlying a gate dielectric,

36, The method of claim 35 further comprising a hard mask overlying the gate
electrode .
37.  The method of claim 36 wherein the hard mask comprises multiple layers of hard

mask material.

38. The method of claim 36 wherein the hard mask comprises silicon oxide, silicon

oxvnitride, silicon nitride, or combinations thereof.

39.  The method of claim 36 and further comprising, after growing the second

semiconductor material, removing the hard mask.



silicon and germanium. 42. The method of claim 40 wherein the second
semiconductor material comprises sgicon and carbon. 43. The method of
claim 34 wherein the semiconductor substrate comprises an insulator
layer underlying the first semiconductor material. 44. The method of claim
34 wherein the semiconductor substrate comprises a relaxed SiGe layer
underlying the first semiconductor material. 45. The method of claim 44
wherein the first semiconductor material comprises silicon. 46. The .
40methgtf SHRAmCE 4 e PN HrEER B SIS RO EHEHA] FOTRSIES
sildeped with a p-type dopant. 47. The method of claim 46 wherein the
p-type dopant is selected from the group consisting of boron, indium, and
combinations thereof. 48. The method of claim 34 wherein the second
41semicppeiiehod Mol I iRisidiCoRed wilh @mi-tyiae dopanted8. chRrises
..method of claim 48 wherein the n-type dopant is selected from the group
silicORARHRTOIARLB. Sh, and combinations thereof. 33 50. The method of
claim 34 and further comprising: forming a first source region and a first
drain region.in thg first active region oppositely adjacent to the %ﬁ% gate.

H2stack IETPHEHICHBHTOT LIARATEH B FaRpe SOBIRpRE: ShaF rises

silthenfist setyse region and the first drain region, forming a first conductive
material on the first source

43,  The method of claim 34 wherein the semiconductor substrate comprises an

insulator layer underlying the first semiconductor material.

44. The method of claim 34 wherein the semiconductor substrate comprises a

relaxed SiGe layer underlying the first semiconductor material.

45, The method of claim 44 wherein the first semiconductor material comprises
silicon.
46.  The method of claim 34 wherein the second semiconductor material 18 in-situ

doped with a p-type dopant.

47, The method of claim 46 wherein the p-type dopant is selected from the group

consisting of boron, indium, and combinations thereof.

48. The method of claim 34 wherein the second semiconductor material is in-situ

doped with an n-type dopant.

49, The method of claim 48 wherein the n-type dopant is selected from the group

consisting of As, P, Sb, and combinations thereof.



region and the first drain region. 52. The method of claim 51 wherein the
first conductive material comprises cgbalt silicide CoSi, nickel silicide
NiSi, cobalt germanosilicide Co(SiGe), nickel germanosilicide Ni(SiGe),
Co(SiC), Ni(SiC). or combinations thereof. 53. The method of claim 50 and
further comprising, after forming the lightly-doped regions, forming a
sosecongbeprdugtbr materiakenihedobiiiseped regions. 54. The method
of claim 53 wherein the second conductive material corppr'ses cobalt .
suCIERSTEBE R HIckeUSige RSP CBRERGEATAITSAMEI E Sraidd)ye region
oppiskelgernrupsilicideri( SiGexa00(SiC), Ni(SiC) or combinations thereof.
55. The method of claim 34 wherein forming spacers on sidewalls of the
second gate stack comprises: forming a disposable film over the second

s1activejegiemdacivdinethe sesonehaalensiacks S4fendiaimingcbposahle:
spacers by etching the dispgsable film. 56. The method of claim 55
oA e ERb BTG i MR e I TIRLEtR B G Al ! souree

reSi66QINd atiuesragianresimprises the step of forming a disposable film, the
method further comprising forming a masking layer over a portion of the
disposable film overlying the first active region prior to forming disposable

52Spacete @Zﬁhﬁg%mma Dﬁ@i@@mﬁ%ﬁﬁ@@h&@ﬂﬁ%@lﬁ@%&b@ﬁ%gg@ah
t . . 58.
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geBRARBERicide Ni(SiGe), Co(SiC), Ni(SiC) or combinations thereof.

53.  The method of claim 50 and further comprising, after forming the lightty-doped

regions, forming a second conductive material on the lightly-doped regions.

54, The method of claim 33 wherein the second conductive material comprises
cobalt suicide CoSli, nickel suicide NiSi, cobaltgermanosilicide Co(SiGe),

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

55, The method of claim 34 wherein forming spacers on sidewalls of the second gate
stack comprises:
forming a disposabie film over the second active region including the second

gate stack;



after forming the source recess and the drain recess. 59. The method of
claim 58 and further comprising, afteggrowing the second semiconductor
material, forming spacers on sidewalls of the first gate stack and the
second gate stack. 60. The method of claim 59 wherein the spacers on
the sides of first and second gate stacks are composite spacers. 61. The
methgg of claim 34 wherein growing a second semiconductor material
comprises a performing selective e i_taxl}c/y\%rqcess. 62..The method of

clainf SRS RATEPIE SRASHEINY, §ro%MIgPe Bdso M semiconductor

material, selectively growing a first semiconductor material overlying the
second semjconductor material. 35. 63. The method of_claim 34 wherein

56the fifdegarthethek b tre WBEHHR YRRl OTBEER HHOTHR & Jhidirst active
re@lacheoe foppesfienarmaterRimpiacted dran beraiaii eansislingieaiim, the

polycrgstalline silicgn, polycrystalline silicon-germanium, a g}netal a metal

MR IS GPHRAS OHAE E BTSN e T @8 b thibth Btgngpsable film

ovelm Sthwhekeintherfisstoptp stagkand thespesane gateistack each
include a gate dielectric formed from a material selected from the group

consisting of silicon oxide, silicon oxynitride, silicon nitride, hafnium oxide,
s7aluminyeride o ZHERRISETONEE Ssradmbinaiinasithereets @dnhmeshod
of forming semic&vductor device, the method comprising; providing a
3

pe BAAU TSP A RERCTEIBHA S T ST 4096 egion and a second

active region;
58. The method of claim 55 and further comprising removing the disposable spacers

after forming the source recess and the drain recess.

59. The method of claim 58 and further comprising, after growing the second
semiconductor material, forming spacers on sidewalls of the first gate stack and the

second gate stack.

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

stacks are composite spacers.

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

comprises a performing selective epitaxy proecess.

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

second semiconductor material.



forming a first gate stack over the first active region and a second gate
stack over the second active region;3®rming 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

3 etching:thedirlegteiaifitm4 fotmisg istasdaecanckrec ssessivtldefitsktack

active region substantjally aligned with the disposable.spacer; filling the. .
R B e T A AL AP BRI e
of p@@r&@ﬁ%ﬂﬁ@ind@g ipﬁgi@ﬂfﬁlﬁ&fﬁﬁdcﬁpgyﬁm% l!?ﬁ adm?mﬁt}heéﬁe@gnﬁie, a

te stack; removing the disposable spacers; and forming lightly-dope
m a&m@@&&aﬁ&%m& ?&lgg%ﬁﬁ{gcﬁﬂt gate stack after removing the
disposable spacers. 66. The method of claim 65 and further comprising,

after filling the first and second recesses, removing the dielectric film ove
e THEACIGTIRE 3 SREFFRBABGT Ll G A AT O B
cadlisporable spackesand themeiefeatrie filanfdrthdeccadpsisitg: fosmingnsising

lightly doped regions of a first canductivity type in the first active regio
of STHRUBRTIE: FHLE Gnte ARSI HAHA QBRREFPgs BPY BalbRa e
zirconEcviyelype - imtiieaseeenikaaiive

65. A method of forming a semiconductor device, the methed comprising;

providing a semiconductor layer that includes a first active region and a second
active region, _

forming a first gate stack over the first active region and a second gate stack over
the second active region;

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

forming a masking layer over a portion of the dielectric film ovetlying 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;



region adjacent the second gate stack; forming first spacers adjacent the
first gate stack and second spacers agjacent the second stack; forming
heavily doped regions of the first conductivity type in the first active region
adjacent the first spacers; and forming heavily doped regions of the
second conductivity type in the first active region adjacent the first gate
staCknBfhnTing Dol GainERanth aferilingdhe ielaitaapeentihe
recesses, further comprising: removing the masking layer from over the
V& region; forming a second masking layer over the first active

regigRiARtheteRiagfoe.secanddnasking layer over the second active
region to form second spacers adjacent the second gate stack. 37 69.
The BB bHEIXHPBRAAFERSi AN ORRANIRG K SH O CRerBGToR Mrties R T
reREHRR ROMBHSEHIMPIARKNG a source region and a drain region in the

second active region aligned with the second spacers. 70. The method of

claim 69 and further comprising, after implanting the source region and

s6the draingkedien oreimeviag the fispesabie sRacersrand iherSBeeRst and second
spacers. 71.. The method, of claim 70 and further comprising, after

reGESVINE e i S0 SARE TLp AU8r 8 e PHh BTSERURYF SpECBrs, forming a first
lightly doped region in the first active region adjacent the first gate stack
and forming_ a second lightly doped region in the second active region

672d j a&%lfﬁéhgéébfﬁdag%t 6y after removing the disposable spacers and the

dielectric film, further comprising:

30

forming lightly doped regions of a first conductivity type in the first active
region adjacent the first gate stack;

forming lightly doped regions of a second conductivity type in the second active
region adjacent the second gate stack;

forming first spacers adjacent the first gate stack and second spacers adjacent the
second stack;

forming heavily doped regions of the first conductivity type in the first active
‘region adjacent the first spacers; and

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

region adjacent the first gate stack.

68. The method of claim 65 and, after filling the first and second recesses, further
comprising:

removing the masking laver from over the second active region;

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

etching the second masking layer over the second active region to form second

spacers adjacent the second gate stack.



Structure and Method of a Strained Channel Transistor and a Second
Semiconductor Component in an Intggrated Circuit ABSTRACT OF THE
DISCLOSURE A semiconductor chip includes a semiconductor substrate
126, in which first and second active regions are disposed. A resistor 124
is formed in the first active region and the resistor 124 includes a doped

69 regiamd @ fsmedchetiveg vhve e imhals 486 sbustadpgidchadnerain region
transistor 132 js formed in the secqond_ active region, The transistor

COTHIRETE KL 4R SR P SRR 880 A A4 TR Th e Sty © region
ali @RposHelyhadiaceiat pateained channel region 143. (FIG. 2)

70.  The method of claim 69 and further comprising, after implanting the source

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

71.  The method of claim 70 and further comprising, after removing the disposable
spacers and the second spacers, forming a first lightly doped region in the first active
region adjacent the first gate stack and forming a second lightly doped region in the

second active region adjacent the second gate stack.
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Structure and Method of a Strained Channel Transistor and a Second
' Semiconductor Component in an Integrated Circuit

ABSTRACT OF THE DISCLOSURE

A semiconduct'or chip includes a sémiconductor substrate 126, in which first and seéond_
active regions are disposed. A resistor 124 is formed in the first active region and the resistor
124 includes a doped region 128 formed between two terminals 136. A strained channel
transistor 132 is formed in the second active region. The transistor includes a first and second

stressor 141, formed in the substrate oppositely adjacent a strained channel region 143.

(FIG. 2)



