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TECHNICAL FIELD

The present invention relates generally to semiconductor devices, and more

particularly to an inverter and integrated circuits utilizing strained channel transistors.

BACKGROUND

Size'reduction of the metal-oxide-semiconductor field-effect transistor (MOSFET),
including ;gduption_ of the gate length and gate oxide thickness, has enabled the continued
improvement in speed performancé, density, and cost per unit function of integrated circuits over
the past few decades. Ihtegrated circuits typically include many, e.g., millions, of these

transm tors. As a result, there are ongoing attempts to continue 1mpr0vmg these devices.
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i ncludi ng reduction of the gate |length and gate oxide thickness, has
enabl ed the continued inprovenent in speed performnce, density, and cost
per unit function of integrated circuits over the past few decades.
Integrated circuits typically include many, e.g., mllions, of these
transi stors. As(?—result, there a e,ongoiqﬁ attenpts to_continue inproving
these devices. _ 1R MW FHERE B ILeFRmptly pedein idcmd pheiriuyts tednyenter.
integrated circuits is an inverter. Figure |la shows the schematic of an

i nver t er FERFCIGisEow e shamal of indnvehersrows 194 end Figss- Bebbivothe cid@6-sefiot he
transi stors 100, 102 constituting the inverter circuitl04.- An inverter 104
is used 1@ ofithevieansistard WYi B2bastiutind teorprRRER T W4 tnahvedxt der sesdgnduct or
(CMOS) inverter includes a PMOS transistor 100 and a NWLOS transistor 102

as shownipivert Ei@iy e | & coRPiehbs el 0R; ' 181y VRg o
is char gléld to Cf@%\t{e S?Jpplcy ggl t%ﬁ%%%?x?&eég’?‘ﬁogg\%&éggﬁg)H’T%?t# %8%

transi stef;ck0Z,Lur he voltage of the output term pal - VOUT goes
to groun%?I i e. ?‘%ggqogﬁd@gg Q%t@nﬂ&w&%%g}éowwﬁgqr%]maﬁ II?VE‘P\PPeéaL@Pounded,
t he NMOS hratgsi stor 102 turns off and the PMOS transistor 100 turns on,
causi ng VK& Butipbt st mals cYyaed 1o Usesugplyweliageo’ . VBD et ‘1j, the NMOSgi ¢
state ' 1'. Referring to Figure 1b, the drains 108 of the PMOS 100 and NMOS
102 tr an&iasisier $02 wms opoarid teowplapdoftte @nputdrpinal Verrgsako Moudd, anthgidei r

gate el ectrodes 110 are connected to an input termnal VIN. The source 112

of the RMISWOWHen arghiit@mins] VANOEGLERd] @e NMOS uBRidor MRl YRPmeand t he
source 114 of the NMOS 102 transistor is connected to ground.. A |oad :

capaci t anges e .ethodsm PISE [Jmﬁ% capaci f ance t,hat exists
bet ween 't he out put term %If’ C%)% d’gﬁggé h@ tegll? oun %gf %@Déa tHE" D%%Efglc}'et‘ance
. rrust. lgﬁcstate‘l’. '
Referring to Figure 1b, the drains 108 of the PMOS 100 and NMOS 102 transistors
are both coupled to an output terminal Voyr, and their gate electrodes 110 are connected to an
input terminal Vay. The source 112 of the PMOS 100 transistor is connected to the supply

voltage Vpp, and the source 114 of the NMOS 1072 transistor is connected fo ground..

A load capacitance, denoted as Cr, represents a lumped capacitance that exists
between the output terminal Voyr and the ground. Since the load capacitance Cp must be
charged or discharged before the logic swing is complete, the magnitude of Cp has a large impact

on the performance of the inverter 104.

The propagation delay #, characterizes how quickly an inverter 104 responds to a

change in its input, and is given by
ty = Cp.Vpp/lu (Eq. 1)

where [, is the average current during the voltage transition, and Vyp is the supply voltage.

There is a propagation delay t,g7, associated with the NMOS transistor 102 discharging current as
-



charged or discharged before the logic swing is conplete, the magnitude of
CL has a large inpact on the performance of the inverter 104. The
propagation delay tp characterizes how quickly an inverter 104 responds to
a change in_its input, and is given by tp = CL.VDDIIm (Eg. 1) where la"

i s t he skaveyiadiecucutd, emt 2 propagaont drdayipl-tasepeiatedaridi the EMODmebsisbD 10§ t he supply
voltage. There is a propagation delay tpfL associated with the NTMOS

transi shaging Odrat schowgimn@geuc.ellie B@rage 3f §R0and #),f réprepsiie tHethverlid a
propagation delay rpm associated with the PMOS transistor 100 charging

cur r entnvdsera 09y "d xieg&tlreefhé Bvertt) S0ANQAAGR: Riuek of ) O%L;,Fﬂf HoftGRERFBY S the

overall inverter” 104 delay. To reduce the invert del ay, the val ues
of t4H «dt SR or both have to be reduced. Delay values in an inverter
and otner sem conductor circuits can be reduced by increasing carrier
mobi lity. Significant nmobility enhancenment has been reported for both

el ectrons and hahesanied il kvdrfer itdl ShasSmitShMettd HohitCan be Rasangl bunder
bi axial tensile strain. The strain contributed by the high stress filmis

under an%@sééggﬁ;ggﬁﬁi‘h@ggﬁ.?&gﬂiﬁ%aﬂ%%iﬁtﬁ’%&hﬁn&q@h{ i %?ﬂ;reg@?ég%} &gt o the

" source-to- wever, “uniaxi al tensi in i nproves
el ectrqn. nobi]. Wi | e uni axi al cogpressive strai.n.inproves._ hol.e ;

" nobi I'i qf;’ﬁfm%?ﬁ #Pi%ﬁ%ﬁaw%?m ey ﬁﬁlﬂ‘i%&?r?sl}?&‘gfﬁblédﬁ ﬁ?@réqgﬂé@? %%lr-yjfbet o rel ax
the strain SWRV A RY OF THE | NVENTI ON Preferred enbodi nents of the present
i -nventJtBin qoatibyted bs thedvghsteswie irpntasstood to be uniaxial in nature with a direction

;- parallel to the source-to-drain direction. However, uniaxial tensile strain ilﬁproves electron

- . mobility while uniaxial compressive strain improves hole mobility. Ion implantation of

- germanium may be used selectively 1o relax the strain.

SUMMARY OF THE INVENTION

- Preferred embodiments of the present invention teach a structure and method of
 forming integrated circuits utilizing strained channel transistors. For example, an improved

- invention can be achieved by including a strained channel transistor.

In a first aspect, there is provided a semiconductor structure comprising:

- a semiconductor substrate that includes a Tirst semiconductor material and a
second semiconductor material overlying parts of the first semiconductor material,
wherein the first semiconductor material has a lattice constant that is different from a
lattice constant of the second material:

.. . afirsttransistor formed in the semiconductor substrate, the first transistor
. having first source and drain regions formed in the subsirate oppositely ad;'écent a
first channel region, wherein a first gate dieiectric overlies the first channel region and
a first gate electrode overlies the first gate dielectric, and wheysein the first channel
region is formed in the ﬁrst.semicor)ductor material and beyond the second
spemiconductor material, and at least a portion of the Tirst source and drain regions
are formed in the second semiconductor material; and

1



formng integrated circuits utilizing strained channel transistors. For
exanpl e, an inproved invention can be achieved by including a strained
channel transistor. In a first aspect, there is provided a sem conduct or
structure conprising: a sem conductor substrate that includes a first

sem conductor material and a second sem conductor material overlying parts
of thefirst sem conductor material, wherein the first sem conductor

n?te[] i al has zi‘ﬁi’?t"ﬁi tf;fn%@ﬁsfpaned infthé sér&@od?@d@?r@!%sgé@%ﬂné gttice gonftant
of 't he seeAMshti & ai: [ -transistor formed in the sem conduct or
substrate, theofa%l?ét t?gﬁg@gﬁélﬁghrﬁgr R ﬁketseé’Bﬂ‘Féfénﬂﬁ@fﬂﬁ‘amm regi ons
formed i FEEHE! sauhreranskdraippgiont il the edtjsnernbpsitély bajace R 8&lonke i ON,

wher ei n @hgﬂ,{eﬁeggﬁ@ ' i c, overljes the first channel region and a
first gate el ect rodehg@ﬁﬁ?géeéoqd@\{? ﬁj'?igf’?”&é’f)éeréit@ gegqndchaane regienci n t he
first chafhaseconsgate elestroder cradrs thetsbeorfd gté dicfdiconduct or material and
beyond the second sem conductor material, and at |east a portion of the
first source and drain regions are forned in the second sem conduct or

mat eri al ; and Iaasmﬁmdpédt,allib%éﬁ?;ﬂfvideerdﬁqg,ehgrgo% -§iﬁgj conduct or substrate,
havi ng a ferent than the FPrst transi stor, the second

con jvity type di
transi stor ha\%ﬁ%‘s'%oéi%{%d%mwnaﬁw@p@r Aubségleotise irandidier sate
opposi t elsyurad regiemandia SRMORGIoOAREEIN 4 SFhiR @4& SGhQrde S5sond, gat e
di el ectr LG Cauel Giahis secon channel r éﬁg\(:“l%)'nghdéln gué%}&agﬁapa%ﬁntglym ectrode
~covers the Secondgdt CURIELTPN the ehanaokiefumed s pdicst setriinuitsr provi ded an
![ Rve : t er"@lﬁﬂlphlmi irgyond atsesdiad §érﬂiboﬁdlfcf8?'qia))ep-o%}@in%egggr&%}cmg ;ir%E substrate,
e tra a ' .
. | n@ﬁﬁﬁdl}aﬁ)\l 'n'[_lzgenal, and at least a portion of the source region and the drain
region is formed.in the second semiconductor material, the first semiconductor
material being different than the second semiconductor material in their lattice
constants; |
- a load element, selected from a group consisting of a further transistor and a
resist, formeq in the semicoriductor su_bstrate, the load element coupled between the
drain region and a first supply voltage node; and

a second supply voltage node coupled to the source region.

| In 2 third aspect, there is provided a method of forming a semiconductor structure, the
method <omprising: S .

o ‘_prc_)\,fr_ding a semicor!dyctor substrate that includes a semiconductor body
formed of a first semiconductor material-

o de;ﬁning a ﬁrs} active area and a second active area in the semiconductor
body;
forr.n_irjg, a Tirst tran§istpr in the first active areg, the first transistor including a
sq-urc_:e region gnd a drain region formed in the semiconductor body oppositely
ad;ace_nt a channel region, thf_e__ﬁrst transistor further including a gate dielectric
ovgarlyinguthe channel region and a first gate electrode ove‘rlying the first gate
dielectric, wh_ere_in th_e first channgl region is formed in ltfﬁlef'ﬁrst semiconductor
material and beyond a second semiconductor layer overlying parts of the first
semiconductor material, and at least & portion of the source region ;lnd the drain
. Tegionis formed in the second semiconductor material, the second semiconductor

¥
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source region and a drain region forned in a. sem conductor substrate
oppositely adjacent a channel region, wherein the channel is forned in a
first sem conductor naterial and beyond a second sem conductor |ayer
overlying parts of the first sem conductor material, and at |east a
portion of the source region and the drain region is formed in the second
sem conductor material, the first sem conductor naterial being different

t han the second sem conductor materi in,.their._ lattice nstants; a | oad
el ement , Medgris badng 2 filicg @PB@B%@E@‘@J@@‘S‘ tgn 3H%t§lﬁ‘e[‘??é’rsgw gﬁ[g'lei'(%r and a
resist, §oni®BAdudlotrigies@m conductor substrate, the |oad el enent coupl ed
between the drain region and a first su gl, vol tage node; and a second
suppl y vol t agEorRiga %?ﬁ?ﬁﬂ@!?r@%'tf%@eﬁﬁ?@g ?téﬁia()‘?ﬁ' aﬂﬁ a third aspect, there
i's provided asgmidiosicsHdubor Bhiden tieediamPOtHE transistor 846d theeseddmel et hod
-conpri sing: Pr oviding a sem conductor substrate that includes a

seni cond@leff®tbody forned of a first sem conductor material; defining a
first- active area and a second active area in the sem conductor body;
formng a first transistor in the first active area, the first transistor
including a source region and,.a drai.n regi.qn forned:i ] conduct or
body opposi tel%mo’élﬁigéegiﬁfﬁﬁ PrImARY 2 PR TaRS ?rhlé??rimf’egt]}‘ FFéatﬁg?@g%rogfurther
including a gate dielectric overlying the channel region and a fgrst gate
el ect rsnbstratevand| ipéindgs @lseurtd angta dgain eegion oppositely adjacent a channel region. A first

gate dielectric covers the first channel region and a first gate electrode éovers the first gate
dielectric. At least a portion of the source and drain regions are formed in the second |
semiconductor material thereby forming first and second lattice-mismatched zones. A second

- transistor is formed in the semiconductor substzate and has a conductivity type diffe@nt than the

first transistor.
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dielectric, wherein the first channel region is formed in the first

sem conductor material and beyond a second sem conductor |ayer overlying
parts of the first sem conductor material, and at |east a portion of the
source region and the drain region is formed in the second sem conduct or
material, the secoragenieniigioter pREmIRILREJdRHnlHVLY; 2, L attice constant
that is different than a lattice constant of t he ‘?lcrog%hegeél}ﬁmbonductor

mat er i al ; invorsrimjudes s ecnd tehapenind ﬁo&ﬂ%&éﬁ@&iﬁ%@&% MRnBl Fhe ﬁ@gngror m ng

conductor between the drain of the transi stor an e 'secon

Accor di ngfot@edinfd deslicRARes ransistor, is.forned in
sem conductor substrate ar?g%:&rﬁtg tg%féfé&%&eéglhsﬁg% %?ﬁ%ndasef}}l%ﬁnﬁu‘?t@g'?@ﬁ“als The

~opposi tely. annel re A first ate dielectric covers the

first channe i regi %rf&ar?ﬁ%e%alf"?srasllagﬁﬁtcgn%&aFﬁ e &iom 1 hgiceicpaang af the

dielectric. t Ie gﬁﬂportl on of the source and drain regions are forned
T

in the se€d %R‘:'f\”@rdfﬁ@taélrilcaamn@h@g@byoftbc straigpdf transistoa ad fofed g
|attice-m srratched zones. A second transistor is forned in the

sem conduBt Bmisutiyetonsubsizatel Axdsasaa ponid of theifliit sbie ast dber Gbnd z!i‘@fbrﬁlg(? in
first transistor. -3b In accordance w th another preferred @nbodi ment

di scl osedneraidtenieorin htid ek 38nfind |AlOSHLLANPLSLOL, AOg pnot her

sem conduct or conponent . The invert orned In a sem C

substrat @fahshﬁbr el iHAES glécf_ﬁéluacs al%gcgoln%egt%g‘lnne%nd O et e Al B irate o

the semiconductor substrate and

coupled to the first transistor. The load element may be any semiconductor device, such as a

second transistor, a second strained transistor, or a resistor, for example. -

An advantage of a preferred embodiment disclosed herein is reduced load
- ‘¢apacitance on the output of the device. A reduction in load capacitance reduces the time

required for a device output voltage 1o rise and fall, increasing the speed of the device.



first sem conductor material has a lattice constant that is different from
a lattice constant of the second material. The source, drain and channel
regions of the strained transistor are forned in the sem conductor
substrate. At |east a portion of the first.source and drain regions are
formed in the second sem conductor material thereby formng

| att i c@ESPRIgeTIONES THE bhew@agts transi-stor. The inverter al so
includes a load element formed in the sem conductor substrate and coupled
to the first transistor. The | oad el enent may be any semni conductor device,
such as a secHeik mergreeingletsrunderstembiomaol the prbene éhventams kst tbe adventagesr esi st or
for exanple. An advantage of a preferred enbodi nent disclosed herein is

r educe theraddefecmpats loanasicanihe el odit Pddsc@iticnb exkeie i ejundidnesdchion i n | oad
capaci tance reduces the tinme required fora device output voltage to rise
and f altoond Fﬁg%g\llia%%g%ed of the device. -4- - '.. - - - ---------
BRI EF DESCRI PTI OF E DRAW NGS For a nore conpl ete understandi ng of the
present invention, and the advantages thereof, reference is now nmade to
the fol | owi ng Bgserlaps & prie attakiemaiio dagrnuoicdn iovertat wWith b henpacapaamg ng
drawings, in which: Figure lais a prior art schematic diagram of an
inver_tegtmiiﬂﬁc@udpuﬂ@gﬁng[a&ﬁ@gOWw bet ween the output term nal and ground;
Figure | b shows a prior art cross-sectional view of transistors form ng an
inverter; Figures Ic and Id show characteristics of the operation of an

i nverter; Fi gurigeredh-sRewshpior artfiasssectised otmw afwkosisiorsfoening ci imvatterof - t he
present invention;

;o ' Figures Ic and Id show characteristics of the operation of an inverter;

Figures 2a-2c show a first, second and third embodiment of the present invention:
Figure 3a-3d illustrate alternate embodiment structures,
Figure 4 illustrates another alternate preferred embodiment structures;

Figures 5a-5c show semiconductor circuits that represent further embodiments of the

- present invention;

Figures 6a-6h show steps for a preferred embodiment method of manufacturing a

) semiconductor device; and

- Figures 7a-7¢ show an alternate embodiment inverter.



Figure 3a-3d illustrate alternate enbodi nent structures; Figure 4
illustrates another alternate preferred enbodi nent structures; Figures

5a- 5¢c. show sem conductor circuits that represent further enbodi nents of the
present invention; Figures 6a-6h show steps for a preferred enbodi nent

met hod of manufacturing a sem conductor device; and Figures 7a-7c show an

al t ernat 2@ i i iy - PTl ON OF | LLUSTRATI VE
EVBODI I\/Eﬁﬁ %gjﬁn%g?rm @Eﬂ% Ug}-@ﬁ@%ﬁg@m%f%f erred enbodi ments are
di scussed in detail below It should be appreciated, however, that the

present inventi aheRiRe0@8 ui¥BAYS APPlb&AD g%feﬁéa\é?ﬁﬂoﬁfﬁ%nﬁ%&@lpctu§seﬁ %etﬁﬁ n be

enbodied in a w de varlety of “specific contexts. This iInvention

t he enhangepep e C introducti.on of str n in one
or nor ea%tqr ans%l}sot%f(l)dr lfréc g%’ﬁ%e F%f' felfguli?e(r)‘;r:igHlo#3 thﬁiéreé?ﬂ SO SH R P Vg S RR ¢ applﬁct%

speci fic. eegrEOd' ments disc g)% g g merely illustrative of specific ways to
make and™UEEVE HECERY Bt sk ot qlige infovide Wﬁl@@ff phwegtppenters. ThHeinreisnt i on.
The present invention rel ates to the field of semiconductor devices and

ci r cui t steachpidhe eraacasprat pf ditcalt pyrformendey theintrbéastion ef wfain mwee bemoei r cui t s
using strained channel field effect transistors. A first, second and third

pr ef er r eichneistboctianed recddnstne sphRERME O AY@nt TAR s@efcﬁicsehwualmdats dricaste@gre2a- 2C,
referred to coll ectlvely as Figure 2. Afirst sem conductor material 2226

shown i Qn&blg%lﬁﬁgtlﬂ'esof%p&% GORAY GRL aritRE e Bhention, and do not limit the scope of

the invention.

The present invention relates to the field of semiconductor devices and circuits, and
L10TE Spec 1ﬁcaﬂy, to the manufacture of inverter circuits using strained channel field effect
transistors. A nrst, second and third preferred embodiment of the present invention are shown in

Figures 2a-2c, referred to collectively as Figure 2.

A first semiconductor material 226 shown in Figure 2 is a semiconductor substrate,
preferably formed from silicon. However, it is understood tﬁat other substrates comprising
compound semiconductor substrates, e.g., gallium arsenide, or alloy semiconductor, .g., silicon-

) germanium, may be used. The starting material may also be a semiconductor-on-insulator (SOT)
substrate, such as a silicon-on-insulator substrate. The starting material may also include an

‘epitaxially grown semiconductor layer and/or a doped region within a semiconductor layer, e.g

a triple well structure.

Figure 2a shows a cross-sectional view of transistors 201/202 constituting an inverter
200. A PMOS strained transistor 202 and an NMOS transistor 201 are disposed within an active

area bounded by isolation structures 203. The strained PMOS transistor 202 has a channel



preferably formed fromsilicon. However, it is understood that other
substrates conprising conpound sem conductor substrates, e.g., gallium
arsenide, or alloy sem conductor, e.g., silicon- germanium. may be used.
The starting material may al so be a sem conductor-on-insul ator (SOD

subst r atgon 3isc mdahe MO hoarchamel Rgivh a0Dhasubstiftar cohbetSitgnidemiginmat eri al
may al so include an epitaxially grown sem conductor |ayer and/or a doped

regi oni MO8 Cﬁa@]@megigﬂ_duct or layer, e.g., atriple well structure. Figure
2a shows a cross-sectional view of transistors 201/202 constituting an

inverter 200. A PMOS strained transistor 202 and an NMOS transistor 201
are di sposed wlhhgate dectmdtsi2ig, aafemed Gumaad obgoped pblytdryatalKtia sikdonroes 203.
The strained PMOS transistor 202 has a channel _6 region 208, and the NMOS

has a pdjl@zmﬂﬁtaﬂﬁlﬁgsiﬂmn%%ahﬁﬁi,@Qi@ee?iafcécﬁéb@% cRORuekicY hog, thyHee-t han  the
PMOS channel region. The gate el ectrodes 204, are formed from one of doped

pol y- CEMBEAIHR &S bitd FlgtglEo(ra{Q %%@(%ééi@%ﬁ%@ tg,?i ledrdéeoer: drd 8&9@@%{&1&%@3 g}éitcglre]sq are

pl aced above gate die odi nen
one.or_ nore

el ectrode, 204 can be made from. f tals, netal]ic silicides,
et al | PGS o 8?11‘18%"8&@%%?‘%0%%almttfecpf%@%r s A

enbodi nent, the el ectrode 204 conprises poly-crystalline silicon. Mtals
such aCHRRISghBdmsHstallinsglicen, Mefatssnriuas maldhicatmniungyinatitanivm. anrduhaf ni um
may be used as the portion of the top electrode 204. Metallic nitrides nmay
i ncl udglatitaug, aad dafnotm meg be iset edthe ortivaloy d esueiedidde R0, Metsligstigideni tri de,
titaniumnitride, and tantalumnitride. Metallic silicides may include,

but Wi by Detudbehut @%trol &gtk &, molHihurs hithd, H8pstet ARkt (ShiukElidRie, dHngst en
silicide, titaniumsilicide, tantalumsilicide,” platinumsilicide, and
erbi u Mantalum nitride. Metallic silicides may include, but will not be restricted to, nickel silicide,

cobalt silicide, tangsten silicide, titanium silicide, tantalum silicide, platinum silicide, and erbium

silicide. Conductive metallic oxides may include, but will not be restricted to, ruthenium oxide

and indium tin oxide.

Gate spacers 205, are formed from a dielectric, e.g., silicon dioxide and sﬂicon
nitride, and are formed on the sides of the gate electrodes 204. The gate dielectrics 206 are
formed above the channel regions 208/209 and below the gate electrodes 204; The gate
dielectrics 206 comprise a material such as silicon oxide,. silicon oxynitride, or silicon nitride for
example. The gate dielectric could also be a high-k dielectric, preferably having a permittivity
greater than about 8. This dielectric can be one or more of aluminum oxide (Al,Os), hafnium
‘oxide (HfO,), hafnium oxynitride (HfON), hafnium silicate (HfSiOy), zirconium oxide (Zr0Oy),
zirconium oxynitride (ZrON), zirconium silicate (ZrSiOy), yttrium oxide (¥203), lanthanum
oxide (L3.203); cerium oxide (CeQ,), titanium oxide (T105), tantalum oxide (T ;1205)_, or

combinations thereof.



silicide. Conductive netallic oxides may include, but will not be
restricted to, rutheniumoxide and indiumtin oxide. Gate spacers 205, are
formed froma dielectric, e.g., silicon dioxide and silicon nitride, and
are formed on the sides of the gate el ectrodes 204. The gate dielectrics

206 are forned aﬁé& hed channel t@gﬂ g 208/ 209 and bel ow_t he _gate

el ectrodes 204. “FHE REEEe Groof@enyit die iR Bl JihesUcRn as |
silicon oxide, silicon oxynitride, or silicon nitride for exanple_ The
gate di etBETFRECHduibirkagss QS o tsicifleckiaiiOs|ieprefaraly prafee frlabkomi&0i ng a
permttivity greater than about 8. This dielectric can be one or nore of

al um nunaogxtiiges, At2R8%Erabhakmilermhanatiote20(ddt 2)ms, haf dvies MogxyBictabiPandiigt ON)
hafniumsilicate (H SiO4), zirconiumoxide (ZrQ2), zirconiumoxynitride

(ZrON), mhs g0i L%%kﬂrdrﬁ@tl%e%@sga%ﬁoknéfs%toffhléme?@_lﬁ'trﬁe?[)%ga?)@s AR AN OXi de

(La203), cerium oxide (CeQ2),  titaniumoxid um oxi de

(Ta205) , 10N q I D ther - eferred enbodi
hi gh- k di O(eal aélﬁét\ﬁ?)@(% | §E6HJ§ R S: e& hm‘laﬂ%ﬁ}s)blap’e IS et BAYE P(Sgiie{f%lyt hi ckness
(EQT) of th]ﬁrbtgl electric 206 |s preferably smal | er than about 50 angstrons,

nor e pr N8 FLINSEHRR- about 20 angstrons, and even nore preferably
smal l er than about 10 angstrons. The physical thi ckness of the dielectric

A Lo e pon Bk NS B Obion H0nRGRL B oxIRIS, RERL/ARNEIBIA o than

about 50 angstrons, and even nore {Haf
angstro The 10 |ncl des draln extension region 212
coupl ed Bepa Hf%@ﬁ@flq&’? apci e W@lﬂ%ﬂa {iacpipe ddﬁﬂa CHCRURH FFI0pE %
|ncludes a drain_extension re?lon 213

coupled to a deeper drain region 219. The NMOS source region 216 comprises a source

extension region 218 coupled to a deeper source region 221 and the PMOS source region 217

comprises a source extension region 215 coupled to a deeper source region 220.

The first, second and third preferred embodiments shown in Fignres 2a-2c farther
comprise intercohne_cts 239,231, 233, 235 that are shown schematically. The interconnects must |
be formed from metal or Irietal—a]loys such as aluminum, copper, tantalum, tif:anium,
molybdenum, tngsten, platinum, aluminnm, hafnium, ruthenium, or any combination thereof,
for exampie._ For example, conductive plugs, e. g., ungsten, could make contact with the silicon
regions while a conductive line (e.g., copper) couples the plugs to one another and to the supply

nodes.

In the specific example shown, an interconnect 235 couples the PMOS drain 211 and
the NlMOS drain 210 and carries the voltage output Voyr of the inverter circuit. Another
interconnect 233 provides a voltage supply Vpp to the PMOS source region 217. A third
inteﬁ:onnect 231 couples a voltage supply VSS to the NMOS source region 216. In the preferred

embodiment, Vgs is a grounded connection and Vipp supplies a voltage level in the range of about

8-



coupled to a deeper drain region 219. The NMOS source region 216 conprises
a source extension region 218 coupled to a deeper source region 221 and

t he PMOS source region 217 conprises a source extension region 215 coupl ed
to a deeper source region 220. The first, second and third preferred

enbodi neRtSasioMolise B A &%) 42 h ompLlSe. Ot ef connect s 229,
231, 233, 235 that g?g’shown %@Heﬁ%g’% y ye.gacr%‘gﬁg?tﬁ% &t d&%ﬁ%%‘?@%ﬁﬁgf’ﬂe be

f ormed t al met al - gl I,oys. such _as al unminum copper, tantal um
titani UJ%B&@W%@)}%&/%%@ Steh gf” & TOYCR RIS $AY num  haf ni um . rut heni um

or any conbi nation thereof, for exanple. For exanple, conductive plugs,

.g., tungst ’ ' el | 5
e.g ungst enAnCiavdrtr BBKE c6Q! ﬁﬁﬂhﬂ}@l&&nﬁ%sﬁhﬂgg(ﬁ?&e. iﬁgb&ﬁg%féé’pél eﬁaaﬁt o the

conductive line (e.g.. copper) couples the p 0 one ano a

supply Lf xanpl e. an i ntercanpnect 235 coupl es
ho PV a1 e AR RB B S Dbl s i Gr g out put
VOoUT of1 'Itslgg '%nver.i1 r circuit. Another interconnect 233 provi des a voltage
suppl y Vi Yoy %?/%uaé’(?ﬁf’@élyreé&ﬂdﬁ theyvoltage temelrad Vsi-n€envsonlyeide v2Bagecoupl es
a voltage supply Vss to the NIVIOS source region 216. In the preferred
enbodi Heist cdk 8T pesrly egrad inilevolbge feseltdf o anptoMBRL sUFRL Ves: wilMaké age | evel

in the range of about 8 0.3 to about 5 volts (e.g., less than about 1.8

vol t s) volfdee lgyat ex;wl,echgwlgle@al(iéﬂﬁrﬁlt@l{%e@@ffvg one another and to a
vol tage supply VIN by a fourth. interconnect 229:. An inverter circuit

conprises the el enents descri bed above. if a voltage |evel equal, or
near|y equal t4 Bharefsred sgeodiaet thethammal fegiop26§ icdmpritey ctibellinokfliage sour ce
VIN, the voltage |level of VOUT will be equal, or nearly equal, to the
vol't agérisealiggle sgicowdgs a Gamesd meicy strictur@ avdh h&gRI lattice constant of about 5.431

angstroms. Th¢ nafural lattice constant is the lattice constant of the material in its relaxed or bulk

equilibrium state.

In the first preferred embodimept, a strained channel PMOS transistor 202 is coupl.ed
to an NMOS transistor 201 to form an inverter, as shown in Figure 2a. A first stressor 222
occupies a region proximate the sides of the PMOS channe] 208 and comprises a non-negligible
portion of the PMOS source 217 and PMOS.drain 211 regions. Lattice-mismatch zones 223
define the junction of the first and second semiconductor materials 206 and 222 in the PMOS
transistor 202. It is noted that the figures are not necessarily drawn to scale. In fact, in the
preferred embodiment, the stressor has a thickness of about a few hundred angstroms, while the
source and drain region may have a depth of up to a thousand angstroms or more. Therefore, the

stressor usually forms a small portion of the source/drain regions.

The second semiconductor material 222 comprises an alloy semiconductor such as
silicon-germanium, which typically has a natural lattice constant in the range of about 5.431 to

about 5.657 angstroms, depending on the concentration of germanium in silicon-germanium. A
. _9_



| evel equal, or nearly equal to the voltage |evel of Vss is provided by
VIN, VOUT wll have a voltage |level equal, or nearly equal, to the voltage
| evel of VDD. In the preferred enbodi nent, the channel region 208 conprises
crystalline silicon. Crystalline silicon has a dianond |attice structure
and a natural |attice constant of about 5.431 angstrons. The natural
lattice EOREPERE sranmacdanthedaneh stz 208fin thveomat 811 ald diain 21 sdirestiaxed or
bulk equilibriumstate. In the first preferred enbodi nent, a strained
channel PNB8otER avsiast iorthQ@Xe carrano upthe EMODrani VISR ARIPMOF m2Rlstéof or m
an inverter, as shown in Figure 2a. A first stressor 222 occupies a region

pr oxi mat geltdees Biigﬁ@%h&frmfg'&@[r&%n%@%ﬂ@ &y NG LABIbR G 91 l1gible
portion of the PMOS source 217 and l\/t:)éS ain 211 regFons. aﬁla?tno%egm smat ch

zones 223: 4 j i j the first. and second senico or

ot or i al Dene anes Bl AR e et B o 3 SRR TS AR MRS ¢ ne
figures [.e.nogopege%glgr&]y drawn to scale. In fact, in the preferred
enbodi met RV st i ERiGrd higdeads for ekired &nvgrier 08 delay apdimmened i riangt r ons,
while the source and drain region nmay have a depth of up to a thousand
angst r on®I ¥ Ppd¢iElandgher ef ore, the stressor usually forms a small portion
of the source/drain regions. The second sem conductor material 222

conpri ses an al l.oy sem conductor .such as siljcon-ger i um_which
typically has alﬁé}eﬁ%ﬂnglpﬁeﬁeé&m@@ﬁgﬂﬁ OR 13 @“F%ﬁ’gé%sa%dﬁ COpkEg ot o
about 5.657 angstraons, depending on the concentration of germaniumin

si I'i con-eisariapasl IMOSgrap sy 294 ¢ fasmsmriayanter Mo cle second steesoc Bdhinel 1 egi on
208 in the source 217 and drain 211 direction leads to an increase in the
dri've cuomgnisingh thitveseRMOBddc@nsiesiabocoap@bh dpthon frexiRMaShd £l SHeaTMOS

channef 209 and comprises a significant portion of the NMOS source 216 and NMQOS drain 210
regions. Lattice-mismatch zones 241 define the junction of the first 226 and third 234

semiconductor materials in the strained channel NMOS transistor 207.

" The third semniconductor material in the second stressor 234 may comprise an alloy
semiconductor material such as siicon-germanium-~carbon (Sil__{_yGeXCy) or silicon carbon (51;.
yCy). The lattice constant of SiGeC can be smaller than that of silicon if the concentration of
carbon is more than a tenth of that of germanium. The lattice-mismatched zones 241 may also
comprise a semiconductor such as silicon-carbon (Si14Cy), which has. a lattice constant stnaller
than that of silicon. The mole fraction of carbon in 8i; ;C, may vary from about 0.01 to about

- 0.04.

Lattice-mismatched zones 241 having a second stressor 234 comprised of a third
semiconductor material with a smaller lattice constant than the first semiconductor material 226
exert a tensile stress in the channel region 209, resulting in a tensile strain across the lattice of the

first semiconductor material 226 in the NMOS channel region 209. Teasile strain in the source
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deliver a higher charging current fromthe power supply VDD to the out put
termnal Vow. A higher charging current |eads to a snaller propagation
del ay tpLA associated with the PMOS transistor 202. A reduced tplLa |eads
to a reduced inverter 200 delay and i nproved inverter 200 circuit

per f or mMRRCE 4 d enb iment. s n Figure 2b, a PMOS
205 is coupl édé@?%m???a?gg QE%%%H%I aﬂ HR&ilse If‘aw ?OHEBmeBH‘fﬁ% wrths nvert er

200. A s aﬁ(ter sor lﬁi nprising a third sem conductor materi al
occupi es a Fegl o %berrg%l f"ed‘f"ﬁemétlti@% SlEfingdhangpabSMQh impsesitor 209, ealing

conpri sg E@{(ﬁgnl ficant portion of the NMOS source 216 and NMOS drain 210
regi onsthe g Pt Etvlediuereshighet digelfargies tireenf whet diethagfing theodtpurst 226
and third 234 sem conductor materials in the strained channel N

t r ansi sewrngd(ibur Khgoti mmgbﬂﬂwﬂﬁﬂ@@hﬁmgm&@rtb@lsmhﬂbrtplﬁ@paSQE(ﬂrﬂféla?tfr essor 234
may conprise an alloy sem conductor material such

si |'i comsgelamaniidnthe ampon (Rt faloy G, re{l'a ) ﬁ[aléh(ltls g 0. G?Slal’ on %‘f) %q_d etl%’(,y ). The

| atti ce constant of Si GeC can be snmal

concentghatd &{1 fok:1 mpre than a tenth of that of germanium The
lattice-ms 13\01 z{g?\éetg eﬁ%’fn?‘r%y al so conprise a sem conductor such as

silicon-carbon (Sii_yqg,), which has a lattice constant smaller than that

of silicon. Thé t®kigrdf rﬁsﬁémnwduﬁ@fﬁla@ﬂmhsaétahm}t about 0.01
to about 0.04. Latti cﬁe m smat ched zones 241 hav@r(ll[gﬁigge/%on%glé@r@essor 234

conpri segn&f crandd NM'OS %%s?&%‘?'%%rm%t e{e‘g?% ﬁ%%%@g@bl er %fﬁ%%:sgtgr stress

const ant than the first sem conductor
|n.the g&ﬂ 1esa i.on 209, resulti tensile strain across the lattice

of 't he 27 P18 BRI ¢ Wailefislogghef%oﬁﬁhﬂt’éf 198N cemarispsla noegi on 209,

Ten5|le i ?ln |n t he ‘'source
egligible portion of the PMOS source 217 and PMOS drain 211 regions. Lattice-mismaich

zones define the junction of the first .226 and second 222 semiconductor materials in the PMQS
transistor 202. The second stressor 234 occupies a region proximate the sides of the NMOS

- channel 209 and comprises a significant portion of the NMOS source 216 and NMOS drain 210
regions. Lattice-mismatch zones define the Jjuaction of the first 226 and second 234

semiconductor materials in the NMOS transister 207. |

As described &bove, a compressive strain induced on the PMOS channel region 208
leads to an increased drive current of the PMOS transistor 202 and the tensile strain induced on
the NMOS channel region 209 leads to a higher discharging current of the NMOS transistor 207.
A higher drive current of the PMOS transistor reduces fpry as described above, and 2 higher
discharging current of the NMOS transister 201 reduces t,; as described above, improving

inverter 200 performance significantly.

Figures 3a-3d, also collectively referred to herein as Figure 3, show mutltiple

embodiments of stressor placement in strained channel transistors 306, 308, 312 and 314. The
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10 216 to drain 210 direction (i.e., a direction that is parallel to a
line drawn fromthe source to the drain) enhances the nobility of

el ectrons in the strained channel NMOS transistor 207, enabling the NMOS
transi stor 201 to deliver a higher discharging current when discharging the
output - term nal VOUT to ground. A higher current discharge |leads to a

smal | er Prbpulgatandnreredrayetrittsentas b iaatngtt refetdncd hendBB0t Tensisd@r 207. A
reduced tpHL | eads to a reduced inverter 200 delay and inproved inverter

200 per fioamanee306] 08 BE2, 5M mdsigres areestcrhad st siishnaiingdchanpeh; PMOS
202 is coupled to strained channel N transi stor 207 to forman-

or oxi mat 2o he oo P e e b Sk P e e S T R BB P i b
11 regions. Lattice-m smatch

portion R urce 217 and PMOS_drai.n

zones detglé F\%&%ﬁ@ﬁ?@i/ SR A i fezgas %%%géé‘éé‘ﬁ%ﬂ@ﬁﬁﬂ@%ﬁp%%%t or
materials in . the PMOS transistor 202. The second stressor 234 occupies a
regi on prosiHaicginndl sanged TorsperireNMOS.  channel 209 and conpri ses a
significant portion of the NMOS source 216 and NMOS drain 210 regions.

Lattice-m smatc efine t junctign of the first 226 and second 234
seni conduct or n%féfl%p%?’sﬂle&mtaﬁ%n ‘%ﬁ&%@%ﬁ%?dﬁmﬁb&?.be SHESCPD et Bete, a
corrpr-eszi ye strain l;,nduc,:,ed on the PMOS channel region 208 |eads to an
i ncr eas & PHFFPHEIE I HEHE SohowsBatpivagcation gt ihssaessoo4ae be many pagione she ai n
i nduced on the NMOS channel region 209 |eads to a higher discharging
current SORICE preArhNDRiensai08i &t the cRO That tha shesytred04dy slisktl ¢ irfednduch s tHae:aRMOS
transi stor reduces tpLH as descri bed above, and a hi gher

shown in Figure 3b, the stressor 300 may be capped with a layer of silicon 226 preferably with

the first semiconductor material or the like.

A conduciive materialﬂ 15, shown in Figure 3, such as a metal silicide {e.g., titanium
silicide, cobalt silin_:ide, nickel silicide, téntalum silicide, erbium silicide, iridium silicide), may be
s.trapped to the source and drain regions 300 to reduce contact resistance. Other materials .
include cob;ﬂt germanosilicide, nickelgermanosilicide, cobalt carbon-silicide, nickel carbon-
silicide. The silicide may be in the substrate and below the level of the gate dielectric as shown
in Figures 3a and 3b, or extend above the level of the gate dielectric as shown in Pigurés 3c and
3d. The stressor 304 may evenly extend above the level of thé gate dielectric 206 to form a
raised portion source and drain regions. Figuré 3_d shows the stressor 304 comprised below the
substrate surface 226 and the first semiconductor material above the substrate surface 226 and in

between a metal silicide 315 and the stressor 304.

Furthermore, the stressor 300 may or may not be extended horizontally into the
source extension region or the drain extension region 318 as illustrated in Figure 4. As shown in

the transistor 330, the proximity of the stressor to the channel region 320 may vary according to

-12-



di scharging current of the NMOS transistor 201 reduces tpHL as descri bed
above, inproving inverter 200 performance significantly. Figures 3a-3d,

al so collectively referred to herein as Figure 3, show multiple

enbodi nents of stressor placenment in strained channel transistors 306, 308,
312 and 314, . The -11 first and second stressors are represented with a

si ngl e Je8FEranice PrHiRTBARC cBapcteiiss. hraingdhe stiosamSDe norlesc308ossBbsio B2, 314
in Figure 3 are representative of the strained NMOS transistor 207 and the
st r ai nedampbSion gnkAnstsdhe @e@ronam tolt b opoiike amcitsrei3n. r egi ons 300 are
representative of [ the strained NMOS 207 source and drain regions 210 and
216 and strained P 202 source .and drain regions 211 and 217,
respectively. Wuﬁgggpés f”Fﬁ@qﬁHEﬁPﬂ epplignd Tailtigs sapbodpant.e 5Bl to be
illustrative and not neant to be restrictive. Figure 3 shows that the

| ocat i didtot2{FEustek YD gais 3daFipee S, XOR por MdoFigie §Hecompasing ¢heor dr ai n
regions 300. -In the case that the stressor 304 is slightly buried, such as

t he cagecsesthowntiom Feguemb@medthee ficlu@dss @ shd@Qevaybeceanpfdamidiiea | ayer of
silicon 226 preferably with the first sem conductor material or the |ike.

A conduehdey® ofMle@hidsaidt iddkatiod MM AdhiE; itlgéa{FEe OBt gﬁ%@gsla:[%in?ia ?&Eéﬂ cﬁ%xjgire I de

(e.g., titaniumsilicide, cobalt silici “nic e, tan um

silici : [ ik cid i I di idicide), may be. strapped to the
sour cquﬁsdﬁéérgéélég]e%églﬁ %%%d’ﬁ“fﬁgh?mée}m@%&oé%ﬂm Pésgffé’tnﬁ c@.a?l&%ﬁre‘?xa??ﬁ Cerial s
i ncl ude val t germanosi | i.ci de, nickel germanosilicide, cobalt

car bont& SeAnsisioRaas Steaiagarhile She RMQgér.ansnﬁe:st Rati(ee6 efayridiee 2 t he
substrate _and below the |l evel of the gate dielectric as shown in Figures
3a and F3Blly.gs deglosaddvidtboypect tvdhd @nteldimdnt bhEigg@tle, itk edi¥iOs ad PMOSWN i n

Fi gures 3c and

: transistors can be strained. These examples are meant to be illustrative and not meant to be

restrictive or limiting in scope.

In one aspect, the present invention teaches a method of integrating strained channel
transistors of more than one conduction type with minimal degradation of carrier mobility to
transistors of the other conductivity type. The circuits of Figure 5a-5c¢ provide examples of

circuits that can utilize these advantages.

*% . Referring now to Figure 6a-6h, a method of manufacturing an integrated circuit with
strained channel transistors of multiple c-onduction types, is described. A semiconductor
substrate 226, preferably a silicon substrate, is provided and isolation structures 203 are formed
to define active regions in the substrate. The isolation structures 203 may be formed using
standard shallov;/ trench isolation (STI) processes, for example, comprising the steps of etching
trenches with depths in the range of about 2000 to about 6000 angstroms, filling the trenches
with a trench filling dielectric material by chemical vapor deposition, and performing a chemical

mechanical planarization to give the cross-section as shown in Figure 6a. It is understood,
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3d. The stressor 304 may evenly extend above the | evel of the gate
dielectric 206 to forma raised portion source and drain regions. Figure
3d shows the stressor 304 conprised below the substrate surface 226 and
the first sem conductor material above the substrate surface 226 and in
between a netal silicide 315 and the stressor 304. Furthernore, the
stressorhgﬁﬂ@hﬁyﬁ@&ﬂﬁ&&mhmB&mEmexEeﬂd&dﬁhﬂ@ﬁ&ﬂh@@mhﬁmﬂ%F@mﬂb&ﬁo&ﬁMﬁ&ﬁbf
extension region or the drain extension region 318 as illustrated in Figure
4. As sholion) maybbesetir ansi stor 330, the proximty of the stressor- to the
channel region 320 may vary according to -12 desired device perfornmance
characteristics._Formng the stressor 300 as close as possible to the
channel region énfaneedowhe get etk 612 Drmbbinahaiisi dniltsyconfl ative egiansi st or
330. Figures 5a-5c show exanple circuit schematics of nultiple enbodi nents,

e.g. NORIOBgHOe T34 Rat¢ Fackirie nd3)corNAND: Bt 123491 Ko SR -BBe 206 QR aggaﬁ 344

(Figure 5¢), conprising the present invention. These enbodi ments are

i ncl udedii¢iectshowy S ! i . tilg ncepts of .t resent
iéiect @H%H%las@éﬂ%‘d §%F%aﬂ9?§y& on tfhezrgg og e 2 e‘%ﬁcﬁfﬂg%rg@] P

i nvention: For exanple, th ansi's S ca

transi st@Qr.s, Fi gure 2a ile e NMOS transistors are not
strai ned. elbrz%-{ezsaegeg{r ﬁ%ergmg)?gﬁ%fwet%e gﬁ%él\{%% M%a &tip Aclegime Lorafpmad WhHrg e t he

PMOS transistqrs are not (see e.g., Figure 2b). Finally, as disclosed with
respect S tﬁ@‘e dPIRASIOn BrocESs Gupwn 2ed ussgiinthe e, NMVOBemml ORI, t r ansi st or s
can be strained. These exanples are neant to be illustrative and not neant
to be mEggRost spuEeaiepdsithint ordeinicat egpe degoritoneTRSPBS Al thidRadRE 85@Pkate

i nvention teaches a nmethod of integrating strained channel transistors of

fore ¢ halivl@nt 206y el e otbdl B1ed Bk 10PRpAHA. OfheauCAEELAE 26801 | 11Y
o S
may employ a conventional gate dielectric such as silicon oxide and silicon oxynitnde or a high

permittivity (high-k) gafe dielectric, or combinations thereof,

As shown in Figure 6b, a disposable film 420 is formed over the first and second
active regions 408/410. The disposable film may be a dielectzic film formed using a chemical
vapor deposition process or sputter deposition. The disposable fiim may comprise oxide, for

‘example. In the preferred embodiment, the disposable film 420 is between about 20 and about

1000 angstroms thick.

Referring now (o Figure 6c, a first mask material 422 is deposited over the first and
second active regions 408/410. This material 422 may be silicon oxide, silicon oxynitride, or
silicon nitride, as: examples. In the preferred embodiment, the first mask material 422 COImprises

a silicon nitride on a silicon oxide multi-layer. -

Figure 6d shows a second mask material 424 formed over the second active region
- 410 using deposition and photolithographic techniques to cover the first mask material 422 in the

second active region 410, while exposing the first mask material 422 in the first active region.
o 44, .



transistors of the other conductivity type. The circuits of Figure 5a-5c
provi de exanples of «circuits that can utilize these advantages. Referring
now to Figure 6a-6h, a nmethod of manufacturing an integrated circuit with
strained channel transistors of nultiple conduction types, is described. A
sem conductor _substrate 226, preferably a silicon substrate, is provided
and i softeerddrask eratpriebd 20Bayaromprior aetmaskiongdedtenn thae tsi diferemdicanthe ifimstt he
substrate. The isolation structures 203 may be forned using standard

shal | ownagkematrial $2il. ahitlonp6BE}) cpsiRsseSe sdcofid ﬁ?&@l@ﬁht@ﬁal%@ﬁ%ﬁk&iang the steps
of etching trenches with depths in the range of about 2000 to about 6000
angstrqﬁ@ayaiﬁjing the trenches wth a trench filling dielectric nmateri al
by chem cal vapor deposition, and perform ng a chem cal mechani cal

pl anarization to give the cross-section as shown in Figure 6a. It is
under st ood, - 13wtvoukngeuf the fiat medkieateris 62t b seabidigtive egiorstichalas plae! d
oxide (e.g., fornmed by the local oxidation of silicon) my be used. Figure

6a_shouvis i jgakRcest aekedohd iRk MRtbrians i ertkiefchinga0 g 820N % ARLEiI G ONsS
408/ 410. The gate stack 412 may clorrpri se g hanrgg esk 4%18, a g[\g?leceg ectrode

204 ' i LI : 418 f t ive |
the top ot “hePadiEab Loty I R i B SRR GG Che

gate digl ectric 6, The te dielectric 206.is formed using any gate
di el ectf? e%fagPﬁg‘%Eoothc 5%86@@‘%‘?12&86&1? éﬁb‘l"ﬂ%@g}% 40e art, e.g., thernal
oxidation, nitridation, sputter deposition, or chem cal vapor deposition.

The Phys o2l onnelieaRottul 1aBRkDs ol BIEA! Kbe bR Y B ul Lblb i 8R9° Of

about 5 to about 100 angstro e gate electr e

g? n\éeﬂitagtﬁ%aalrea%%s?an(?i'aﬁ’j!{ gl‘fénre:!i %rit?x%ehdiggosgélé Ispcaggrs gﬁédg sﬁ{?:gn gtch Icﬁé)n?ist%)(( ():/ar:]1I tride
be used as discussed above. The second mask material 424 may be removed after etching.

Next, the second semiconductor material 430 is epitaxially growﬁ to at least partially
fill the recessed region'428. This can be accomplished using selective epitaxial growth (SEG).
The epitaxy process used to perform the epitaxial growth may be chemical vapor deposition
(CVD), ultra-high vacuum chemical vapor deposition {UEV-CVD), or molecular beam epitaxy
(MBE). The epitaxially grown materials may also extend above the surface of the channel
region 432 of the first active region 408, forming a raised source and drain 430 structure as

shown in Figure 6f.

The second semiconductor material 430 may comprisre'silicon germanium with a
- germanium mole fraction between about 0.1 and about 0.9. The second semiconductor may
otherwise comprise a material such as silicon-carbon Si;.,Cy with a carbon mole fraction of
between about 0.01 and.about 0.04. Alternatively, the second semicénductor may comprise
silicon-germaninm-carbon (Siz.xyGecCy). The lattice constant of SiGeC can be smaller than that

of silicon if the concentration of carbon is more than a tenth of that of Sermanium.
-15-



permttivity (high-k) gate dielectric, or conbinations thereof. As shown in
Figure 6b, a disposable film420 is forned over the first and second

active regions. 408/ 410. The di sposable filmmay be a dielectric filmfornmed
using a chem cal vapor deposition process or sputter deposition. The

di sposable filmmy conprise oxide, for exanple. In the preferred

enbodi ment, t he Ticipasaika 1 bbmdR0dpSobaiween ahac2f andodagy, 1000
angstrons thick. Referring nowto Figure 6¢c, atirst mask naterial 422 is

deposi t edpiaxal bbb ddchin bn #aG 385904, A%t ifﬁg éi'{s%gsia ggpz?c?rg Y 1p%ﬂe£ slciziitarzfgéler ' al

422 may be silicon oxide, siTicon oxynitri r

exanpl es preferre pbadi nent, _the first mask material 422
conpri se& Dkx'gh 'él{]ﬁ%fae%tﬁ #%thqqgaggbﬁﬁe‘ﬁa i&:PE%WHSQPWéI%ﬁWOWm’ tgksed meslkerdie 6d
shows a _ecor\?ci mask material 424 forned over the second active region 410
usi ng de%’é%fisf‘ b ghpeselt shrsgr 4SHind frs clask quesaltd? cowde rethevell] fostinyask
material 422 in the second active region 410, while exposing the first
mask mat éeisahctt? ghavm i féoufd st active region. -14 The second mask materi al
424 may conprise any nmasking material that is different fromthe first
mask material 422. In the preferred enbodi nent, the second nmask materi al
conprises a photlsEB&Hy gpvishshsomicantugtenateia £2ormek bert S dapedi@2 i n t he
second actjve region 410 takes place in the presence of the second nmask
mat er i al tnfpaed dniag drechitagal igovphelfamdbied aapraam, eidayopidopeat Sbseqdely agi Ng
pl asma etching techniques. This results in disposable spacers or liners 426
ZSIS ng fihe dednBd}BeeAtusie atiifd 6RHBaShAGKnd bActR. THEdJhAS thadSkiNoduS On

by conventional ion implantation, plasma immersion ion mplantation (PII), gas or solid source

diffusion, or any other techniques known and used in the art, Any implant damage or '

amorphization can be annealed through subsequent exposure to elevated temperatures.

Figure 6h shows the semiconductor device after further processing. A first shallow
implantation can be performed on the structure of Figure 6g to dope the shallow regions 450 of

the first and second transistor source and drain regions 452 and to form the source/drain

extensions.

Spacers are formed on t]:u: sidewalls of the gate electrode 204. In one example, the
spacers may be formed by chemical vapor deposition of a dielectric material, e.g., silicon oxide l'
or silicon nitride, followed by an anisotropic etching of the dielectric material to form stmple
spacers. In the example of Figure 6h, the spacers are composite spacers. A composite spacer
may comprise a dielectric liner 444 and a spacer body 446. The dielectric liner 444 may be
- formed by the deposition of a dielectric liner material, e. g, silicon oﬁde, and the spacer body
material 446, e.g. silicon nitride, followed by an anisotropic etch using reactive ion etching. In

another embodiment, the liner 444 may be an oxide and the spacer body 446 may be a nitride.
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After the disposable spacers 426 are fornmed, recessed regions 428 are
etched in the active area substantially aligned with the di sposabl e
spacers 426. A silicon etch chem stry can be used as di scussed above. The
second mask material 424 nmay be renoved after etching. Next, the second
sem conduct or terial 430 is epitaxially grown to at least partially fill
the recessed redf8HAA8d drpls iegiganiasehedueidrmpsisientid ausfongedediegionve epi t axi al
growth (SEG. The epitaxy process used to performthe epitaxial growh may
be chermeiinialiaphildeposig thosecofdvidsistan k4 amhhgprefeacditm aherc ak d¥pRer
deposition (UHV-CVD), or nol ecul ar beamepitaxy (MBE). The epitaxially

grown rimtmeeii@bphvEphonk $0a &iBAMioaREYSL! e Sikdase inf, b egi on
432 of the first active region 408, form ng aerai s,edn sgugggﬁgﬁl@e ?ngii n 430

St T uct Ur@sigtsr 43NAMdrhl lﬂfh\r%/i ?fgfng)l%gtio%%ﬁﬂ%mﬁ%ﬁg %?g{gft%%%isﬁ%%gﬁlt%pﬁ% may

conprise silicon germani'um ermanium out

0.1 an t . 0.9. The second, sem conductor may _otherw se conprise a

nat er i %F&é)rg%ﬂherrgog %snilqnp&glﬂwéléf‘%gﬁs qoﬂweévi £ R Hpbisren gt ds formed Py of

bet wee at'tl)—out 0.01 and. about 0.04. Alternatively, the second sem conduct or
may co%‘fr'ré@ndéf’qopfééﬁlv@éﬁgmﬁﬁﬁw&%r bon (Sit_x_yGe.Cy). The lattice constant
of SiGeC can be smaller than that of silicon if the concentration of
carbon is nore e of. that.of. gerpanium -15 The hard mask 418
covers the topoghgfﬁf@%&soaﬁ& tb’ Haitgat 8% @F@&gﬁég&%&f (‘f%ﬁ‘il IheP-P&@Gingaxi al
growt’h OCCUE S rtlﬁltlge gate electrode 204. The disposabl e spacer 426 prevents
epi t axPRH maéﬁno%f P -the—gate (@PXEEI9dS), Yhichds inewpdrhisd hevsin byiefigerepi t axi al
grow h, the hard mask 418, disposable film 420, disposable spacer 426 and
first %%Rm%@%ﬁdéﬂaﬂms tght e thaeapplietionfean bé aplied to the structures disclosed

herein. For the sake of simplicity, each of these variations will not be repeated herein.

Figures 7a-7c show an alternate embodiment inverter. In this example, the inverter
- 770 includes astrained channel transistor 776 coupled in series with a resistor 778, While a
transistor served as the load element in Figure 2, in this example the resistor 778 is the load
glement. The strained channel transistor 776 can be either an NMOS transistor (Figure 7b) or a

PMOS transistor (Figure 7c). The choice will typically depend upon which conductivity type

transistors are being formed elsewhere on the chip.

As shown in Figure 7a, the resistor 778 includes a resistive portion 780 separating
two highly doped terminal portioné 772 and 774. The terminal portion 772 is coupled to
source/drain region 214 of transistor 776. In the illustrated example, an isolation tren(.:h 203b is
shown between regions 214 and 772. In éome instances, e.g., when regions 214 and 772 are of

the same conductivity type, the isolation trench 203b can be eliminated thereby reducing the

surface area.
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the structure shown in Figure 6g. The epitaxially grown first sem conductor
material 226 may be in-situ doped or wundoped during the epitaxial growh.
| f undoped as grown, it may be doped subsequently and the dopants
activated using a rapid thermal annealing process. The dopants may be

i ntroduced by conventional ion inplantation, plasma imersion ion

i npl ant ati on (Pl pecogdemmakbliidespledeea vaidet sigipbnys. dn teregampleerf Figure

t echni ques known and used in the art. Any inplant damage or anorphi zation
can be afneelseply hdﬂfugehpambﬁeqm%ﬂpplyeﬁmugD%a@heeAug%azwﬁgé@H@@Vﬁisqnees- _

Fi gure 6h shows the sem conductor device after further processing. A first

hal | | [ f : ' t
dope ¢ he "CPAl o Pgtone 100 re PREPF of Bt B NER Bidie P58 00 ana
dr ai ' f h e/ drai ions. S
Formod SR TRad st 1 pny yGE pRRY otk saer s Vv ORBICeaRT Bh o

spacers may be fornmed by chem cal vapor deposition of a dielectric

mat eri alCOTRORILS, &), REGRSIENG efe begpuplpd befepenrihe supdly, nofledl Y oWe dndipeapverter

ani sotropic etching of the dielectric material to formsinple spacers. In
t he exanmphpgomhtsH/guné 78, the spacers are conposite spacers. A conposite
spacer nmay conprise a dielectric liner 444 and a spacer body 446. The
dieleectric liner 444 may be forned by the deposition of a dielectric Iiner
material, e.g., Ss3otheppmBydigent. thnaesisks 7dpmaspe pergistor phte fypsItavghbin ce- g.
silicon nitride, followed by an ani sotropic etch using reactive ion

et chi ngpending appedion Senbloti. (18166787 hdiléd Sepremben2aTaPtR( TSMSXIB8), avtdct he

spacer body 446 nay be a nitride. -16 The source and drain regions for the
first topplRhsdnos ik3hoadied RprinBf rdislend. i on '

Although the present invention and its advantages have been described in detail, it

should be understood that vaﬁous changes, substitutions and alterations can be made herein

without departing from the spirit and scope of the invention as defined by the appended claims.
 As another example, it will be readily understood by those skilled in the art that the structure and -

method of forming integrated circuits utilizing strained channel transistors may be varied while

remaining within the scope of the present invention.

Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, compcsitioﬁ of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention, processes, machines, manufacture,
compositions of matter, means, methods, or steps, presently existing or [ater to be developed,
that perfonnl substantially the same function of achieve substantially the same result as the

corresponding embodiments described herein may be ntilized according to the present invention.
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i npl antation while covering the second transistor 434. In the preferred
enbodi nent, the dopant is arsenic or phosphorus or a conbination of both.
The source and drain regions for the second transistor 434 are formed by
using ion inplantation while covering the first transistor 436. In the

preferr i suc boron i sed. A passivation |ayer
25 1 o forraatounr LeppB Rk IO R RIS v oG e SEBP R ner
met hods_and varia&jons of formng a structure are disclosed in co-pending
appl i cawcgjﬁﬂe%ew”é} ARG CYEHENEIPRD 151 e iRs 8 p (hathedscBSEeE-at ed herei n by
reference. The nethods and variations taught in that application can be
applied to the structures disclosed herein. For the sake of sinplicity,
each of these variations will not be repeated herein. Figures .7a-7c show
an alternate enbodinent inverter. In this exanple, the inverter 770

i ncludes a strained channel transistor 776 coupled in series with a
resistor 778. Wiile a transistor served as the load elenent in Figure 2,
in this exanple the resistor 778 is the load elenent. The strained channel
transi stor 776 can be either an NMOS transistor (Figure 7b) or a PMOS
transistor (Figure 7c). The choice wll typically depend upon which
conductivity type transistors are -being forned el sewhere on the chip. As
shown in Figure 7a, the resistor 778 includes a resistive portion 780
separating two highly doped terninal portions 772 and 774. The terninal
portion 772 is coupled to source/drain region 214 of transistor 776. In
the illustrated exanple, an isolation trench 203b is shown between regions
214 and 772. 'In sone instances, e.g., when regions 214 and 772 are of the
sanme conductivity type, the isolation trench 203b can be elim nated thereby
reduci ng the surface area. )
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-17 The second termnal 774 is coupled to a voltage supply V2. In the
exanpl e of Figure 7b, the supply voltage node V2 is the supply node Von
and the supply voltage node V1 is the supply node Vss (e.g., ground). In

t he exanple of Figure 7c, the supply voltage node V2 is the supply node
Vss and t weHaDpLyAMsED age node V1 is the supply node VDn. Wile not shown,
ot her conponents, e.g., a transistor, can be coupled between the supply
nodes V1, V2 and the inverter conponents 776 and 778. |n another

enmbodi mentt, t he JeafidsHdQEtor SRyl bl ﬁsmgS'stor of the type taught in co-
pendi ng application Serial No, 10/6 filed Septenmber 22, 2003

( TSMOB- 0553), sPRYFOndisies subsirals that inghadss sofirsk semierndeiier piaterial andace.

Al t hough shendrsesfsthdidtyenkicanl @v@ﬂﬂh §ag§@s§¢ﬂaﬁéﬁgﬁm\sﬁd@&§ﬁn?§§t§r I()Egdalng
\' I OUS

detail, it how gﬁtgrg under st ood t %

al t er at i olY2eEIHNBArstsamIcRRdYster majeripldiee adatyse e tahis diEferspt from aand scope

of the i niattivkiconstast deid §RnbYNdté@:appended clains.  As another exanple, it
those skilled in the art that the structure

wll be readllg &grstood b
and nethod of 2fi5t 'ﬁ‘%jSPanB‘@ dindhe spmicenductorsubpatagthetirsiitiasisiohannel

transi st ohsvimpfirsbsouvd dreicdraii regions RIMAER iMGe Wubfitdle bPFoskeRPRIjdent e present
i nvention L\}/ngreover t he scope of the Fresent ap Ilcatl on |% not i ntended

to be |inmeEeangelrpgion, ag{?%f?'em{?t qHB a1k YereS Eh?effrmf@é@g! regige lanfe,
manuf act ua st gatﬁmdmrbd@ﬂv&fesfmbtﬁ%tgaf@adiéléetnc %melﬁ'iﬁ’e ﬁ&?&%rﬂ@ﬁc“ bed in
t he speC|f|cat$Tf) ) @n?@gf or di nar%r skill in the art wll readily
appr eci at'§IPPEHMYTRED i) B8 fipd spicondydier mrigsaanditeyend fherpecandcesses,
machi nes, sdmmﬁcmletoblfrﬁtenac(éﬁa@ﬂiIefabpélﬁoﬂfm BRIk S st sBRRBENd TR PélfionT St €Ps,
presently exlsting or | ater to be devel oped,

are ormed the second semiconductor material; and

a second transistor formed in the semiconductor substrate, having a

conductivity type different than the first transistor, the second transistor having

second source and drain regions in the substrate oppositely adjacent a second

channel region, wherein a second gate dielectric covers the second channel region

and a second gate electrode covers the second gate dielectric.

2. The structure of claim 1 wherein the ﬁ_rst transistor is coupled to the second
transistor to form an inverter.

3. The structure of claim 1 wherein the first transistor is coupled to the second
transistor as part of a NOR circuit.

4, The structure of claim 1 wherein the first transistor is coupled to the second
transistor as part of a NAND circuit.
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that perform substantially the sanme function or achieve substantially the
sane result as the correspondi ng enbodi nents descri bed herein may be
utilized according to the present invention. -18 Accordingly, the appended
clainms are intended to include within their scope such processes,
machi n f i t.ions.of ma nmet hods, or steps.
6 WiAT 1S CLATRER Pt B PR e B O ot @ ‘eomprsringion=
senlcongﬁ tor strate that includes a first sem conductor material and a
second P&EiY &b “6Mmateri al overlying parts of the first sem conductor
material, wherein the first sem conductor material has a lattice constant
that is different froma lattice constant of the second naterial a first
transi gt or fok sedy i r he. fir nsi st or
having first sourégyg%mﬁﬁﬁgg%ﬁggg#gﬁg gg%%éﬁgéﬂgﬁgcgﬁﬁgﬁ gﬁgd Pidéitel y
adjaceﬂ} Likst channel region, wherein a first gate dielectric overlies
first %anne region and a first gate electrode overlies the first
gate dielectric, and wherein the first - channel region is forned in the
first sem conductor material and beyond the second sem conductor nmaterial,
and at 7| easThastpefukd Mlah 1tie ik fh%tﬂrﬁ%ﬂ oA Ea géléﬁﬁbdﬁgt%rgﬂ}fse afaf Ormed in -
t he second sem conductor material; and a seco é transistor - tormed in the
sem copguel,pr substrate, having a conductivity type dlfferent t han t he
flrst transistor, the second transistor having

8. The structure of claim 1 wherein the lattice constant of the second semiconductor

material is larger than the lattice constant of the first semiconductor material.
naan O L

9, The structure of claim 8 wherein the first transistor is a PMOS transistor.

10.  The structure of claim 9 wherein the second semiconductor material comprises silicon

(S1} and germanium (Ge).

I1.. The structure of claim 10 wherein the second semiconductor material comprises Silicon

(S1), Germanium (Ge}, and Carbon (C).
12.. The structure of claim 10 wherein the concentration of Ge is greater than 10 percent.

13. The structure of claim 1 wherein the lattice constant of the second semiconductor

material is smaller than the lattice constant of the first semiconductor material.

14.  The structwe of claim 13 wherein the first transistor is an NMOS transistor.



second source and drain regions in the substrate oppositely adjacent a
second channel region, wherein a second gate dielectric covers the second
channel region and a second gate el ectrode covers the second gate
dielectric. 2. The structure of claim1l wherein the first transistor is.
coupled to the second transistor to forman inverter. 3. The structure of
claim 1 wher €The dhfetufel of 8laith [@R&ESIAKe deSo iRl @ddicer tn@erBBERNsset £iBAg St or
as part of a NOR circuit. 4. The structure of claim1l wherein the first

" transi st gd daghogoupl ed to the second transistor as part of a NAND circuit.
20 5. The structure of claim1l wherein the first transistor is coupled to
the second transistor as part of an XOR circuit. 6. The structure of claim
1 wherein the first and second gate dielectrics are forned froma high-k
di el ectrig. 7TheBectuterofclaim &5 wherelnahanetomhemaiond:iche ridtarat camghissestosh, gat e
el ectrodes conprise a nmetal nmaterial. 8. The structure of claim1l wherein
t he | att ge@asionshmdateh. t he second semi conductor material is larger than
the lattice constant of the first sem conductor material. 9. The structure
of clainms 8 wherein the first transistor is a PMOS transistor. 10. The
structure of claim9 wherein the second sem conductor material conprises
si i con 1% siBheguctgeofalginy by wigsyin the concentration of carbon is in the range of 0.01

“percent to 0.04 percent-‘

18.  The structure of cfaim 1 further comprising a third semiconductor m&iteﬁal, wherein at
leasta port_ion of the second source and drain regions are formed in the third semiconguctor

material.

19. The structure of claim 18 wherein the lattice constant of the second semiconductor
material is larger than lattice constant of the first semiconductor material and the lattice constant

of the third material is smaller than the lattice constant of the first material.

20. The structure of claim 19 wherein the first transistor is 2a PMOS and the second transistor

is an NMOS.

21, The structure of claim 19 wherein the third semiconductor material comprises silicon,

germanium and carbon.

22.  'The structure of claim 1 wherein the first transistor comprises 2 PMOS transistor and the

second transistor comprises an NMOS transistor and wherein the ratio of a width of the gate of



11. The structure of claim 10 wherein the second sem conductor materi al
conprises Silicon (Si), Germanium (CGe), and Carbon (C). 12. The structure
of claim 10 wherein the concentration of Ge is greater than 10 percent.

13. The structure of claiml wherein the lattice constant of the second
sem cor}gugws material is smaller than the lattice constant of the first
seni condl TSEIF 4 @ wigsh ofthegate pllibe DIMOD tragsisirns ABroveatelyrequdieo fiier st
transistor is an NMOS transistor, -21 -------------- 15. The structure of
cl ai m PAUHREPBOA2 44ie of eledrma nsehifity omthe dblermotaligrin Ak ceompIeses. silicon and
carbon. 16. The structure of claim 15 wherein the second sem conduct or

mat eri al conprises silicon, germanium and carbon. 17. The structure of

claim wh i.n.the ncentratio f carbon is in the range of 0.01

per cengzl:3 to %i&%%?f88ﬁ@@%gwﬁ$ﬁlg tgff gﬁ&Fﬁﬁsgt%Fo@P%CﬁrﬁEMQﬁ rhsisteenpiiiesi ng a
third sem ﬁonduct or material, wherein at |east a portion of the second
sour ce SETEC FRBSHOF OgpHses aa NS trpdstbhandierdin thd ratendfeoridticdfalie camsdter i al .
19. The structure of claim 18 wherein the lattice constant of the second

seni cotRYONS tramsisior foal wids: df altegpete SBONMEDS rERisED ﬁbsgp?fuxnﬁitersﬂe@uil kd &E
sem conductor material and the |attice constant of the third material is

smal | eratidalreldolion hdbilitye® HRNSSANY i@ fhetdiSndel material. 20. The structure
of claim 19 wherein thy(e: first trgnsi set o%nnlelsiregl{oBNDS and t he second

transi st or

24. The structure of claim | wherein the first and second source and drain regions and the

gate electrodes of the first and second transistors each include a silicided portion.

25.  The structure of claim 1 wherein the distance between a junction between the first

semiconductor material and the second semiconductor material and the gate dielectric edge is

less than 700 angstroms.
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s an NMOS. 21. The structure of claim19 wherein the third sem conduct or
mat eri al conprises silicon, germanium and carbon. 22. The structure of
claiml1 wherein the first transistor conprises a PMOS transistor and the
second transi stor conprises an NMOS transi stor and wherein the ratio of a
width of the 9ak@in0krtercdmp PMOS transistor to a width of the gate of the
NMOS transi stor |lsn apepgroﬁll ?rgiﬁgly equal to the square root of a ratio of

el ect ron nobi | ia fansisterierntrsl is ﬂTiﬁ)mrhIpmductvrtSh@trtaItﬁa.mIthramsigbomavi@a The
structure Qfd& r@%ﬁh IndaeH h'?e% folnbd négé}ﬂfébﬁé&forcs%%t?%gﬂ&itg

transistor and t secon nsistor conprises an sistor and

‘wher ei n t H&lacgnt chamng! fgpignhwbéreinbe gharnebis fomtes iPFIBst seaisirsiuciort o a wi dt h

f th t ti f
gl oot ?o%anr‘ﬁ%tlgﬁ?l{ae@ b%o %E%&%P%’éﬂco‘nﬁu&ﬁﬂﬁgﬁ J@Bgr%]gllth%%rstt The ;?r Lgt Sr o
of cl ai m FemianEp¢for matefipk gpd aHaa%tmmrB@ﬁh@eotandr@m and @gldﬂﬁl& and t he
gate el ectkQdRss f@ﬁméd’iﬁ tfnh 'sebortf\LnfiEGH ugtorr Fﬁ%’aﬁﬁ%ﬁrs?@@rﬁmhn&d&

e structure o

silicided portion,. ereint stance
bet ween a"j'QIﬂféqllbéﬁng@W@’é#ﬁﬂiéeﬁeﬁ@td sesedndgptduaatarTiai their ltticend t he second
sem condughRstg@t eri al and the gate dielectric edge is less than 700
angstrons. 23 26. An inverter conprising: a transistor forned in the
semi-conduct or SUeRd elament, selected &gl & pmupPivansistingaof afotherdransigtasandrad a drai n

region forgmd, fofinéy AR SANRUAERiorSiBSH 48l he WA L& coupled between the

drain region and a first supply voltage node; and
a second supply voltage node coupled to the source region.

~27.  The inverter of claim 26 wherein the load element comprises the resistor and
the transistor comprises an NMOS transistor.

28. The inverter of claim 26 wherein the load element comprises the resistor and
the transistor comprises a PMOS transistor.

29. The inverter of claim 26 wherein the load element comprises the further
transistor.

30. The inverter of claim 29 wherein the load element comprises a strained
transistor. |

31.  The inverter of claim 26 wherein the transistor includes a gate dielectric
- overlying the channel region, the gate dielectric being formed from a high-k dielectric.

32. The inverter of claim 26 wherein the transistor includes a gate electrode
overlying gate dielectric, the gate electrode comprising a metal material.
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adj acent a channel region, wherein the channel is fornmed in a first

sem conductor material and beyond a second sem conductor |ayer overlying
parts of the first sem conductor material, and at |east a portion of the
source region and the drain region is formed in the second sem conduct or

mat er i ﬁé tgﬁﬁfi rat Ae{n' c-%dgctpr material being different than the second
seni contduct or'® HRCEFS Q4R 28 RaFFin setipe eonsiapiid thareeondgenisqadustas meatrial

selected froma group consisting of a further transistor and a  resist,

f or med 1§ ATSeR$a8 @ fthesrrgntins pf the fist seriegndutter nemdalel ement coupl ed bet ween t he
drain region and a first supply voltage node; and a second supply voltage
node coupled to the source region. 27. The inverter of claim26 wherein the

| oad ekgnen i the, resistor _and the transistor conprises an NMOS
transi Stor. %B%&%éer%??ll\?‘le %e‘?’g%?méﬁeaﬁrarﬂsﬁ@r w@gﬁlgpﬁ HERESPad el enent conpri ses
the resistor and the transistor conprises a PMOS transistor. 29. The
inverter of claim26 wherein the | oad el enent conprises the further

transi 8§.or . TBOinvdihe of Hver 34&%&&:1Qﬁ@ée%ﬁ%eﬂ%ﬁ@&c&r%ﬁ%&d&ﬁ%ﬁ?ﬁgéqﬂc onpri ses

a strained transistor. 31. The inverter of claim ransi st or

i ncl udes @Kgg%}ﬁwghﬁl(gg_ri ¢ overlying the channel region, the gate
dielectric being forngd froma high-k dielectric. 32. The inverter of

claim 26 wherein the transistor includes a gate el ectrode

36.  The inverter of claim 35 wherein the concentration of Ge i greater than 10 percent.

37. The inverter of claim 26 wherein the lattice constant of the second semtconductor

material is smaller than the lattice constant of the first semiconductor material,
38. The inverter of claim 37 wherein the transistor is an NMOS transistor.

39.  The inverter of claim 38 wherein the second semiconductor material comprises silicon

(51), germanium (Ge), and carbon (C).

40.  The inverter of claim 39 wherein the concentration of carbon is in the range of 0.01

percent to 0.04 percent.

41. The inverter of claim 26 wherein the first and second source and drain regions and the

gate electrodes of the first and second transistors each include a silicided portion.

42.  The inverter of claim 26 wherein the first semiconductor material consists essentially of

- silicon.



overlying gate dielectric, the gate electrode conprising a netal material.
24 33. The inverter of claim?26 wherein a lattice constant of the second
sem conductor material is larger than a lattice constant of the first
sem conductor material. 34. The inverter. of claim 33 wherein the transistor
is a PMOS transistor. 35. The inverter of claim34 wherein the second

sem condtict orThrat eritad! ceoipl WEesinshd dee6iH sefifondadnst BeEIMed PR e} icom6. The
inverter of claim35 wherein the concentration of Ge is greater than 10
percent .anddérmabii@ni Nverter of claim 26 wherein the lattice constant of the
second sem conductor material is smaller than the lattice constant of the
first sem conductor material. 38. The inverter of claim 37 wherein the
transistor is an NMOS transistor. 39. The inverter of claim 38 wherein the
second s¥m codimicoer afelagn # Alvhaenphd sesndietiiaatuct¢rShdierial esmpidenpilicGe) , and
carbon (C). 40. The inverter of claim39 wherein the concentration of

car bon ismdicarbbfne range of 0.01 percent to 0.04 percent. 41. The inverter
of claim 26 wherein the first and second source and drain regions and the
gate el ectrodes of the first and second. transistors each include a
silicided portion. 42. The inverter of claim26 wherein the first

sem conddet orfhagrverpIAll clatngt whesein Srevstriicdndyctorf subsgiiatd fusher co@Priss.anThe
inverter. of claim42 wherein the second sem conductor material conprises
si | i con insulator layer underlying the first semiconductor material.

46.  The inverter of claim 26 and further comprising a conductive material formed over the

source region and the drain region. .

47.  The inverter of claim 46 wherein the conductive material at least one material selected
from the group consisting of titanium sihicide, cobalt silicide, nickel silicide, tantalum silicide,
erbium silicide, iridium silicide, cobalt germanosilicide, nickel germanosilicide, cobalt carbon-

silicide, nickel carhon-silicide,

48.  The inverter of claim 26 wherein the transistor comprises a gate dielectric overlying the

channel region and a gate electrode overlying the gate dielectric, the gate electrode being formed

irom a semiconductor.

49.  The inverter of claim 48 wherein the gate electrode is formed from polycrystalline

silicon.
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and germanium 44. The inverter of claim42 wherein the second

sem conductor material conprises silicon and carbon. 45. The inverter of
claim 26 wherein the sem conductor substrate further conprises an

i nsul ator layer underlying the first sem conductor nmaterial.- 46. The

i nvertegO of j&’:ﬁai m 26 a%d further conprising a conductive material forned
over the" soUFd&'FEGTSHIBAE e inihaianyiseyiconpria? a siatidlenigy dwerlyiaf tiel ai m 46
wherei n _the conductive material at |east one material selected fromthe
group cORBICSTASHG afl aghie alvourdesivbil Ghglthe caeliidldctsd, e Gatbelechb@ingShihai de,
tantalumsilicide, erbiumsilicide, iridiumsilicide, cobalt ‘
ger mandsithacictkd, ni ckel germanosilicide, cobalt carbon- silicide, nickel
carbon-silicide. 48. The inverter of claim26 wherein the transistor
conprises a gate dielectric overlying the channel region and a gate

el ectrosge overlying the gate dielectric, the gate el ectrode being forned
froma ' ﬁb‘ﬁ'@ft%fro.f clagn 2 wleieinvbe tarsisti comprises 4 Gamhisd et ddgyigatie

el ectrode is fornmed frompolycrystalline silicon. 26 50. The inverter of

cl ai m ZPbangkkiegion anhe gate alnsticalt anerbdnmtE §88 drl@aie il el efl b RUS HAY t he
channel region and a gate electrode overlying the gaté dielectric, the gate
el ect r doben beknysifigdgred froma netal. 51. The inverter of claim 26 wherein
the transistor conprises a gate dielectric overlying the

52.  The inverter of claim 26 wherein the transistor comprises a gate dielectric overlying the

channel region and a gate electrode overlying the gate dielectric, the gate electrode being formed

- from a metal nitride,

53.  The imverter of claim 26 wherein the transistor comprises a gate diclectric overlying the
channel region and a gate electrode overlying the gate dielectric, wherein the gate dielectric
comprises at least one material selected from the group consisting of silicon oxide, silicon

_ oxynitride, and silicon nitride.

54.  The inverter of claim 26 wherein the transistor comprises a gate diclectric overlying the

channel region and a gate electrode overlying the gate dielectric, wherein the gate dielectric

comprises a high k dielectric.

55 - The inverter of claim 54 wherein the gate dielectric comprises at least one material

selected from the group consisting of hafnium oxide, aluminum oxide, and zirconium oxide, and

combinations thereof,
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channel region and a gate electrode overlying the gate dielectric, the gate
el ectrode being formed froma netal silicide. 52. The inverter of claim26
wherein the transistor conprises a gate dielectric overlying the channel
region and a gate electrode overlying the gate dielectric, the gate

el ectrode dgei Ny IR err%ﬁ&}é"séFﬁE@ﬁdd&&r {rgﬁure5?he B0k @5@1 FS{u%Of ¢l ai m 26

wherein the transi stor ses a gate ectric overly channel
region and a gﬁ@'@?@@ﬁ?@éf@ndv@ﬁﬂ %Hhﬁ@atﬁﬁhﬂtg}aﬂ@em@@mtm@dqmgd)e| n the gate

di el ect i GomfRaiffaSeRtcchBasbr fAfrgRt er i al sel ected fromthe group
consisting of silicon oxide, silicon oxynitride, and silicon nitride. 54.

The inverter ofdeBniag mfice agiiverarea ande secantsagive aresoinging sesicandjitaer di el ectric
overlyinggohg channel region and a gate el ectrode overlying the gate

di el ectric, wherein the Pate dielectric conprises a high k dielectric. 55.
The inverter oforeling afirshirapsistedin ﬂﬂm@rstg@at@earea wfrrst:trammwru@télsimal east one

material csaloghidih bi@gIherIQHBRAANR BL La%iBhAAS NP RELggyy al unm num

oxi de, and zirconi um oxi de, I nati ons t er A net hod of
form ng a28BReRisHIGRRYregion, db@uvrsétraﬂwowrth@dn@gdmg agatgydielegiriovi di ng a

seni conduglédyirfgthe Chatrel Fé@?&n érfbcé H.@ffgate m&@@%@@mewgaomd of a

first sem conductor materi al def i ni first area“and a second
active ar @elaclic; waereinhe frsd ghamie! rqgmjyls formed in the first semiconductor

material and beyond a second semiconductor layer overlying parts of the first
semiconductor material, and at least a portion of the source region and the drain
region is formed in the second semiconductor material, the second semiconductor
material having a lattice constant that is different than a lattice constant of the first
semiconductor material;

forming a second element in the second active area; and

forming a conductor between the drain of the transistor and the second

element.

57. The method of claim 56 wherein the second element comprises a second
transistor including a conductivity type different than that of the first transistor, the
second transistor having a second source and drain regions in the substrate
oppositely adjacent a second channel region, wherein the conductor is formed |
between the drain the first transistor and the drain of the second transistor.

58. The method of claim 57 and further comprising:

electrically coupling the source of the first transistor to a first supply voltage
node; and

electrically coupling the source of the second transistor to a second supply

voltage node.
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formng a first transistor in the first active area, the first transistor
including a source region and a drain region forned in the sem conductor
body oppositely adjacent a channel region, the first transistor further
including a gate dielectric overlying the channel region and a first gate
eIectroSg OV?@% ing tﬂg]first gate dielectric, wherein the first channel
region i's fo ethRd phdaipy Josyhesmmihe sprpud ebsmennmgrised 2 meistobeyond a second
sem conductor |ayer overlying parts of the first sem conductor material,
and at least a portion of the source region and the drain region is forned

in the sgconthsaothsoMnduS rial, .the second sem conductor nmterial
having a latti ce%gﬁstan%ﬁ?r@geﬁ%&girﬁsfsi?’résﬁ?pflﬁ%ﬁ f’:‘{Stlt%ﬁ“{l? anEdisPatht of the

first ' t material ;. form ng a second elenment in the second
active %ﬁ@é‘?ﬂoﬂg@&?gﬁl%ﬂ&u‘&@% et Bptwisen (e diin pbthe franvstofant e fistansi st or

and thet sec norl el ement. 57. The nethod of claim 56 wherein the second
el ement EE%’H%rC] derestsig dmeethad fankdrsomprising| udi ng a conductivity type
different than that of the first transistor, the second transistor having

a second sopaseicaliy celipling theagironss thofitsh @amiRstth atﬁ%trsT‘g%@yO ifagt YoRdhacent a
second channel region, wherein the conductor is for et Ween the drain

the first tretreicaliptodity thR8cdhatdndf ansistor. 58. The nethod
of claim57 and fujrat ﬁ%r c(’:onp?i sing: e %ﬁgﬁ? f%g%ﬁﬂ@go E(:%)eﬁcp)ﬁl %Bgltyﬁé’ﬁ%&‘) & of the
first transistor to a first supply voltage node; and ' :

61. The mgathbd of claim 56 wherein forming a first transistor comprises:

foﬁniﬁg a gafé.stack that includes the gate dielectric and the gate electrode;

forming a dielectric layer over the first active area including the gate stack;

anisotropic_ally etching the dielectric layer to form sidewall spacers along sidewalls of the
gate electrode;

etching a portion of the semiconductor body to form trenches adjacent the sidewall
spacers; and

forming the second semiconductor material in the trenches.

62.  The method of claim 61 and further comprising implanting dopants through the second

semiconductor material and into the semiconductor body to form the source and drain regjons.

63.  The method of claim 62 wherein the source and drain regions extend at least 1000

angstroms into the semiconductor body.

64, The method of claim 63 wherein the_ second semiconductor material has thickness of less

than about 200 angstroms.



electrically coupling the source of the second transistor to a second
supply voltage node. 28 59. The nethod of claim56 wherein the second

el enent conprises a resistor. 60. The nmethod of claim59 wherein the
resistor conprises a first termnal and a second term nal such that the
conductor is formed between the drain of the transistor and the first

t er m nal%5of - {ie mredgidef deim ¢ handifertrs dompriiheiooapivs pigthe Erséeqpiendurtr
coupling the source of the first transistor to a first supply voltage node;
and el egiteiidabdryhcoupldisagicbitRicse aangat er m nal of the resistor to a second
supply vol tage node. 61. The nethod of claim56 wherein forming a first
transi stor conprises: formng a gate. stack that includes the gate
dielectric and the gate electrode; formng a dielectric |ayer over the
first addive Téﬁé%@thog@f Hairhy vhraeig derering w@e stagnfuEloar COPPEES FYTERE A F3E°4 he
dielectric layer to formsidewall spacers along sidewalls of the gate

el ect r ogwie stck biverghasepordtaciove avfa doldevisenn fomcthget dvleddipyeraofprimstipemmnohes
adj-acent the sidewall spacers; and formng the second sem conductor

nat er i ala digledth@lakE@REeNES firsbative arkh endBE BePn@hctivk ademd 61 and further
conprising inplanting dopants through the second sem conductor.materi al
and into the sem conductor body to formthe source and drain regions. 63.
The net hod of claim62 wherein the source and drain regions extend at | east

1600 ar@@ st r GRs mMehod of Halrstivnd Swdlies p@mpmwfomng a mask over the second actlve

area after forming the dielectric layer but before anisotropically etching.

“68. The method of claim 56 wherein the lattice consiant of the second semiconductor

material is larger than the lattice copstant of the first semiconducior material.
69.  The method of claim 68 wherein the first transistor is a PMIOS transistor.

70.  The method of claim 69 wherein the second semiconductor material comprises silicon

and germaniuml.

71.  The method of claim 70 wherein the second semiconductor material comprises silicon,

germanium, and carbon.

72.  The method of claim 70 wherein the concentration of germanium is greater than 10

percent.

73. The method of claim 56 wherein the lattice constant of the second semiconductor

material is smaller than the lattice constant of the first semiconductor material.
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64. The nethod of claim63 wherein the second sem conductor material has
t hi ckness of | ess than about 200 angstrons. 29 65. The nethod of claim61
and further conprising formng a |layer of the first sem conductor naterial
over the second sem conductor material. 66. The nmethod of claim 61 wherein
form ng g r.ther conprises formng a second gate stack over
t he secgﬁd %@%ﬁg(?%%&%ﬂ]d%eggﬂmf BiirifaRystar igpe NAEPY transisgyrer conpri ses
formng a dielectric layer over the first active area and the second
active area. 67. The nmethod of claim66 and further conprising formng a
mask ovéEr t HeheseahnbofatdinVe wiak f i he di.el ectric | ayer but
bef ore ani sotropical ly etchi ng'e@lgfsh.@Sércﬁ)gd%%lg%rgﬁg{br@ﬁ%{%c%]p%eérg&c "t he.
| atti cempgensbant of the second sem conductor material is larger than the
| attice constant of the first sem conductor material. 69. The nethod of
claim68 wherein the first transistor is a PMOS transistor. 70. The nethod
of claim®69 wherein the second sem conductor material conprises silicon
and gerivani e mpthodTiielaimt/iotheefn &k ddihd %ﬁ@@fdﬁ&@rﬁﬁ% 'ﬁ%ﬁ_ﬁgﬂsé%{ﬁccondum of
materi al conprises silicon, germanium and carbon. 7 et hod »of claim
70 whergeimmnihe, care@pLr ati on of germaniumis greater than 10 percent. 73.
The nmethod of claim56 wherein the lattice constant of the second
sem conductor material is smaller than the lattice constant of the first
sem conductor material . - '

71. 'I‘he method of claim 75 wherein the concentration of carbon is in the range of 0.01

percent to 0.04 percent.
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-30 74. The nethod of claim 73 wherein the fist transistor is an NMOS
transistor. 75. The nmethod of claim 74 wherein the second sem conduct or
material conprises silicon and carbon. 76. The nethod of claim 75 wherein
t he second sem conductor material conprises silicon, germanium. and
carbon. 77. The nmethod of claim 75 wherein the concentration of carbon is
in the rangtuefure aid Metloehtf F@rzﬁu@@lpﬂm:&tﬁd CiguistUtititineSandnbt hod of
Formng Integrated Crcuits Uid Channel Transistors

ABSTRACT OF THE DI SCLOSURE A senlco uctor evice or circuit is formed on a

sem conductor substrate with first and ~second sem conductor materials
having different |lattice-constants. A first transistor includes a channel

regi on fASrnedChpbsTHEINCEAd)HH¥Mt a source and drain region. At |east a
portion of the source and drain regions are forned in the second

sem conductor, materi.al thereb farnln Iattlce smat ched zape n.t he
Frrst trans: BRI e S I Ord B B P S P R SR 7t B0 f or m
acircuit, e.g., an.inverter. The second conponent can be a second

transi steionf SRPRIARPAHCtOE BAGHTS hwaaﬂlﬁyrp@t léﬁ1¢¢@crqsnﬁgt8f Mmtttrﬂ@mﬁﬁor gcldeshsi st or

or aresistor. (FIG 2a)
channel region formed oppositely adjacent a source and drain region. At Ieabt a portlon of the

source and drain reglons are formed in the second semiconductor material thereby formmg
iattice-misz:uatched zones in the first transistor. A second compenent is coupled to the franéistor
to forma éircuit, e.g., an inﬁerter. The second componeat can be‘ a sécond transistof havhig a
| conductivity type differing from the first transistor or a reﬁstor.

(FIG. 2a)
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