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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 reductiou of the metal-oxide-semiconductor field-effect transistor (MOSFET),
including ;edu_ction_ of the gate length and gate oxide thickness, has enabled the continued
imp'rovemen;t 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

transistors. As a result, there are ongoing attempts to continue improving these devices.
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Si ze reduction of the netal -oxide-sem conductor field-effect transistor
(MOSFET), including reduction of the gate | ength and gate oxide thickness,
has enabl ed the continued i nprovenent in speed performance, density, and
cost per unit function of integrated circuits over the past few decades.

Integrated cir CWnE%eﬁX&ld‘ﬁ&b%}éﬁduﬁ‘&{ayg%oﬂﬁfb}ﬂ lﬁe@m mf{&%lj {ch%ﬂ@m]&sqg arf RGSE
transistors. As result ere are ongol nJ continue i hptovi ng
t hese d sen c nduct r circuyjt t mmnl used.in

|t ogr atodTE s e 40 Tt OB et it %ld}a 1t SO (a Hefaerionor an
i nverter g UIt 104, and Figure | b shows the cross- sectl on 106 of the
transi stOPST Pedransieiors dBhaP? canstitigng e mveyeritsit 104, r dninyertay 404 Arisedhicer t er
104 is used to invert a logic state. A conplenentary

met al - oxirdet slegic seted dctampl{o@MESY miealrexiteseminalduces (GVOPMDSertdr adidet er 100
and a NMOS transistor 102 as shown in Figures la and | b. In operation,

when t heeMOP dhandi@foDahd a MMOS Sahiay 962 ad Dokhen BilpRk Ya ¥l fAGE o¥Riod, - €
logic state “1', the NMOS transistor 102 turns 6n, and the voftage of t he

Cer ﬁ]“ﬁafv@ﬂﬁrﬁ‘&%%“ AR ?%69“6%‘“ = et el o E‘%%‘i%ﬂ% TREES Prs

transi st or 162%”5 on, aus e ou%lfut Ier\g; nal Vow to be drlven to a
VDD | ev dieRsiftop 102 tung gp. and the,va la i 496t @ gFrBndt e lagiai ns 108
of the PMOS ;00 and NMOS 102 tranS| stors are both coupled to an out put
t er mi nalstalfofr-, Wl the frtiug tegainal ‘o écarpoded, thelSVEISetransistee ¢ 02 thrsoofRand thaput
term nal V1. The source. 112 of the PMOS 100 transistor is connected to the

suppl y RMOS agesisdiD,00 ands drh) eausivg tiesoulgid teohinah@oiveBe aﬁw?cnttb angi gewd, ileS
connected to ground.

~ logic state °1°.

Referring to Figure 1b, the drains 108 of the PMOS 100 and NMOS 102 transistors
are both coupled to an output terminal Vogr, and their gate electrodes 110 are connected to an
input terminal Vpy. The source 112 of the PMOS 100 transistor is connected to the supply

voltage Vpp, and the source 114 of the NMOS 102 transistor is connected to ground..

A load capacitance, denoted as Cy, représents a lnumped 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 Cy 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=Cr.Vpp/ly (Eq. 1)

where Iy is the average current during the voltage transition, and Vpy is the supply voltage.

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



A | oad capacitance, denoted as CL, represents a | unped capacitance that
exists between the output termnal Vo,r and the ground. Since the |oad
capaci tance CL Must be charged or discharged before the logic swing is
conpl ete, the nagnitude of CL has a |arge inpact on the perfornmance of the
i nver tshowd @dFigdied dpand pagetapaion delany, # assodiatedwitd tlicZREOR cansipiorcld0y  an
inverter 104 responds to a change in its input, and is given by tp =

CL. VDQhhathg(cufréint ad khoteh &idud/1c. lmehb&a@vcﬁrrggan&zgm@ﬁeseﬂwmm&ﬂp vol tage

transition, and VuD is the supply voltage.” There is a propagatl on del ay

tpHL AR ?646&:15‘# ?:5 I'E(ﬂl Mg%veft&al@ﬁ'dgf 9 dth%gglu%' cﬁ‘l_q,r;}?'élg or%'ﬁ%l?a&te ttcﬁgfi he PMOS

shown I'n | gure a propagation dfeiate

transi sé_"l 100 chargi ng current as shown in Fl gure 1lc. The average of tpHL
and tgE CF%pr esents the overall inverter 104 delay. To reduce the inverter
104 del ay,. the values of tpHL or tpLH or both have to be reduced. Delay

val ues in an puwggE, fnd lﬁkn&rana%;ﬂefme&ﬁa&tom&m L HeaBufes peduced by

i ncr easi ng carrier | ty. Si gnl cant nobi I ty enhancenent as been

report.ed for both c es, in bulk transisto ng a silicon
ISR e R s B g E o O R Mg Pt R A
stress filmis understood to be uniaxial in nature with a direction

par al | Bctees aidoiss it Rk fransisions wing & wheanehannabirdpeplarighpasle alaine s | e strain

improves electron nobility while uniaxial conpressive strain inproves hole
nobi | i tyin chomibisteg batitedt ghostressfiilmge nmdeniton tody ubexabmdased eith & detgiono rel ax
the strain.
parallel to the source-to-drain direction. However uniaxial tensile strain improves electron
mobility while uniaxial compressive strain improves hole mobility. Ion implantation of

germanium may be used selectively to 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.

o According to a first embodiment, a first transistor is formed in a semiconductor
substrate and includes a source and a drain region oppositely adjacent a channel region. A first
gate dielectric covers the first channel region and a first gate electrode covers the first gate
dielectric. Atleasta 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 substrate and has a conductivity type different than the

first transistor.



SUM M ARY OF TEE | NVENTI ON Preferred enbodi nents of the present invention
teach a structure and nethod of formng integrated circuits utilizing

strained channel transistors. For exanple, an inproved invention can be
achi eved by including a strained channel transistor. According to a first

embodi ment, a f 'mmztdme%hr%_tag&h&lsgréfeﬁéﬂe@mdmﬁen%%mh_egfe@&ﬁwenuo%yQ§t rate and
i ncl udes a source.and a drain region oppositely adjacent a channel region.

A first: I ctri s the first . nel reaqio d.a first gate
el ectro e‘ggttgl\e}gglg g%sﬁdesﬁngdsﬁ&ég{% mé&@g}ﬂgé err?lgf‘l.;ln AFF %Oé%q% D%Fr%pgﬂ? 8HOF° t he
source %nd rain r.eg[ii ons %ée fornmed in the second sem conductor nateri al
t her eby ?fé‘}ﬂai%ﬁw dughqpsubsiragnigay 1aglpds drstiadacenby i epnaecionmageriabi dlhe
transistor is forned in the sem conductor substrate and has a conductivity
t ype: di frgsepicondigivr materiafliag g fattioeansstat thar is-differantdoome Bitive eonstanhofzthot her
preferred enbodi nent of the present invention, an inverter includes a

st r ai nededond nmicsiabr Tiandues) dte indsbmh:e0 Rdiiek OF the GRTIAMEHnsistbh & fhrmeanid eri s
fornmed in a sem conductor substrate that includes first and second

sem ConguiCdeBiic i T d I Skt ' ial: ice
Se CON@dBlicoiBdir Bhbare DR leald R GAFEOAINGLAL RLA BLiofASe okl

attice constant o second mmteri al .
The sour,ce r-ai.n.and channel egj opns of .the strained transistor are forned
in thelageesﬁlcgng%(ﬁ:’lﬁéctolﬁmg% {4l ety qu@%Psgtlatgc?iajﬁsru?% e@;onteﬁ@:l PEASE source and
drain re%i ons are fornmed in_ the second sem conductor material thereby
f or mi ng TERREPE elhtiBYrRECHE NG ¢ load clgreent fqrmed in the rspisqngpctomyvbstiatiandt er
al so includes a |l oad elenent forned in the sem conductor substrate and

coupl ed coupltdie the fisst transiatesi Fitedpad Sltveedt omg belaepenticomiyctbedaving, sielmheonduct or
device, such as a ‘

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

An advantage of a preferred embodiment of the present invention is reduced load
capacitance on the output of the device. A reduction in load capacitance reduces the time

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



second transistor, a second strained transistor, or a resistor, for

exanpl e. An advantage of a. preferred enbodi nent of the present invention
is reduced | oad capacitance. on the output of the device. A reduction in

| oad capacitance reduces the tine required for a device output voltage to
rise and fall, increasing the speed of the device. BRI EF DESCRI PTI ON OF TEE
DRAW NERIHOPESCRIHIEONCORPHE TR AWTEGSt andi ng of the preseat invention, and
t he advantages thereof, reference is now made to the foll ow ng

descri ptions ke a in cqonjunction w t he acconpanyin rawi ngs, in

whi ch: Figure Oéail%"f%c%?ﬁ?%% U@%ﬁ@@%ﬁéﬂﬁd’@%ﬁ?%ﬁ% %%tbgﬁg@pgagﬁs with a

| unped capaci tance between the output term nal and ground; Figure |b shows
a pri othergpf, referoncs-is pew itadalo the llowingdesonipiionssrkenfim eonjungtiemwitinther t er ;

Figures | ¢ and | d show characteristics of the operation of an inverter;
Fi gur escc@mpdyingsdiamings, fin whith: second and third enbodi.ment of the

presentiavention; Figure 3a-3 )d illustrate alteiniate enbodi nent
structures; Figure 4 illustrates angther altemaw preferred enmbodi nent
structures; Fing#rééa B Ii0r gheRRcBatc B wé o inversrrwith a lympetheappaiidnes ent

further enbodinments of the present invention; Figures 6a-6h show steps for
a pr ef ertwesh therbwgutrrenntindretdhgrdumef rmanufacturing a 0 C~ sem conduct or
device; and Figures 7a-7c show an alternate enbodi nent - inverter.

Figure 1b shows a prior art cross-sectional view of transistors forming an inverter;
Figurcs ic and 1d show characteristics of the operation of an inverter;

Figures 2a-2c¢ show a first, secopd 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-7c show an alternate embodiment inverter.



DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS The maki ng and usi ng of
the presently preferred enbodi nents are discussed in detail below It
shoul-d be appreci ated, however, that the present invention provides many
applicable inventive concepts that can be enbodied in a wide variety of
specific contexts. This invention teaches the enhancenent of circuit

per { o Mg bYDUESEMIPTRNGIH O (RIRINTEERMIBOBIMERTS DT e L1 ansi st or

channel regions of a sem conductor circuit. The specific enbodi nents

di scussed are nerely illustrative of specific ways to make and use the

i nvention, and ke melting amd usirtghe tieqogsentbf prefetred emwelithéntare Thensprdas eethil
invention relates to the field of sem conductor devices and circuits, and

nor e spegiobi. gadhbild bEQp;%rB@at%%fv@ﬁér,%ﬁ tf preRYERV@kiof hioGidkd Samsdpplcabler ai ned
channel field effect ransistors. A first, second and third preferred

enbodi ment. : ' : | : [ ' 232 erred to
col l ecti veF@IcaJSH%PS{ﬁ%%%F b%%?ﬂ%dqgé%ﬁ{eoﬁggwg F &ﬁgjtcgﬁlﬁtg 5'2%;5“6’81&%&% n
Figure 2 i sen conduct.or substrate, referably forned fromsilicon.
However (RS QRRGRPEERION St PBRRIRCS b D ABiFdlcHeB A5 ik MePme b MSEund

sem conductor substrates, e.g., galliumarsenide, or alloy sem conductor,
e.g., sitapgyer-chaemcheagionspt 2 spaicandueigiedrenithBhcstpasitic ergbodaments dibcusspg 2l so be a
sem conductor-on-insul ator (SOL) substrate, such as a silicon-on-insulator
subst r atogerel¥ Hmsshtbuetof Bgecifiztveryt & milgyandhsoht vkatte, @d doaipt i alel sgopegitown

sem conductor |ayer and/or a doped region within a sem conductor | ayer,

e. 0., agdinfdgomel | structure. Figure 2a shows a cross-sectional view of
transi stors 201/ 201 constituting an inverter 200. A PMOS strained

transi stor 202 and an NMOS transistor 201 are disposed within an active
The present invention relates to the field of semiconductor devices and circuits, and

more specifically, to the manufacture of inverter circuits using strained channel field effect
transistors. A first, 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 1 Figure 2 15 a semiconductor substrate,
preferably formed from silicon. However, it is understood that other substrates comprising
compound semiconductor substrates, e.g., gallium argenide, or aﬂoy semiconductor, €.g., silicon-
germanium, may be used. The starting material may also be a semiconductor-on-insulator (SOI)
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

-6-



area bounded by isolation structures 203. The strained PMOS transi stor 202
has a channel -6 region 208, and the NMOS has a channel region 209 having a
different conductivity type than the PMOS channel region. The gate

el ectrodes 204, are forned from one of -doped poly-crystalline silicon or

pol y- cregemaA08; and thy NiMcinag e crrantluegion? laviagpl difechtaboinetivgt twpaihed ect ri cs
206. In other enbodinents, the gate el ectrode 204 can be nmade from one or
mor e ofhe PBI@S shanAEirediba.C silicides, metallic nitrides, or conductive
nmetallic oxide. In the preferred enbodi nent, the el ectrode 204 conprises

poly-crystalline silicon. Metals such as nol ybdenum tungsten, titanium
tantal um  pl atherdan clestradas dPhiambormsd e e @@e@féww B8 SHEOR fle t Op
el ectrode 204. Metallic nitrides nmay include, but are not restricted to,.

nmol ybdprigerysiatlineddicot gergshiem, aidiare plecedtabdb@ngatedialedtricsd®d. dmothet ant al um
nitride. Metallic silicides may include, but will not be restricted to,

ni ckel erfbddigb@e the @a@@ab&m& bddcdafl 8e nlalOHSHRAe S Mo A enetdld, bPIEISdiddsCi de,
tantal umsilici de, plati numsilici de, and erbium silicide. Conductl ve

et al 'gﬁtaﬁi&' e BY cdn'a&ut{'gﬁletalﬂﬁtoﬂﬁ Fh%;r %%df@rﬁet{?' re%f’ thee ecrn‘dﬁé‘ um oxi de

and i ndramtin oxi de spacersz orm a |elec ric, e.g.,
silicon dIOXI and 0 itrid e fornmed on the sides of t he
gate ef¥ERIGH Y‘f@’ﬁtaﬁjﬂ‘?éﬁ‘@ B IS %l“@gyb%@%m&rt&n“sfe&%“% Y%he channel
regi ons 208/ 209 and bel ow the gate el ectrodes 204. The I\gate di el ectrics
206 copiptiwe aad hefnamm aley beeted asths ppition af Gk tatecleaiofs din Metphicnitiidrs, or

silicon nitride for exanple. The gate dielectric could also be a high-k
di el ectoay tnclyde gfue tihiloy restgiviet ¢, enopdidetuint hivtidey tungst@aiieide tthatiuabdtite, 8nd Thi s

dielectric can be one or nore of alum num oxide (A1203), hafnium
tantalum nitride. Metallic silicides may include, but will not be restricted to, nickel silicide,
cobalt silicide, tungsten silicide, titanivm silicide, tantalum silicide, platinum silicide, and erbium

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

and indinm tin oxide.

Gate spacers 203, are formed from a dielectric, e.g., silicon dioxide and silicon
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 aboﬁt 8. Thus dielectric can be one or more of alum_inum oxide (Al,O3), hafnium
oxide (HfO,), héfnium oxynitride (HfON), hafnium silicate (HfSiOy), zirconium oxide (ZrO,),
zirconium oxynitride (ZrON), zirconium silicate (ZrSiO4), yttrium oxide (Y203), lanthanum
oxide (Lago::,); cerinm oxide (CeO,), titanium oxide (TiO4), tantalum oxide (Taz0s), or

combinations thereof.



oxide (H 02), hafnium oxynitride ( HHON), hafniumsilicate ( H Si &%),

zirconiumoxide (ZrQ), zirconiumoxynitride (ZrON), zirconiumsilicate
(ZrSi-O4), yttrium oxide (Y203), |anthanum oxide (La203), cerium oxide (
Ce@), titaniumoxide (Ti02) , tantalum oxide (Ta205), or conbinations

thereof. -7 1 i16e BERLRF Ltk RaBd IR JhE ) 90l Shgtsf Gyl sy hal nfum

oxi de. The silicon “equiva oxXi ness i'erectric 206

is preferably snmaller th bou 0 angstrons, re preferably smaller
than abSUVIE BRGS Hcknest (AT ehiAIRBRES ps SFdnryY SHAIT B SppiOabout 10
angstrons. The physical thickness of the dielectric 206 nay be smaller than
about  OGUARESNYE BEierady emylee fher alviu) 2 arabirerms, thdevealboue pElraphgenallsrs, and
even nore preferably snaller than about 20 angstrons. The NMOS drain

regi on 2 aboell0degstamdr Ahephe¥ita ngtimassiof gieatiel2tAc DA et doellar theesear drain
region 214 and the PMOS drain region 211 includes a drain extension region

213 coyph eithstrOma B PRLerMAInIEAGLLIHOZLRD anfREOVER SeNERE greﬁ'&a% 216

conprises a source extensi'on region 218 coupled to a deeper source region
221 and_t h region 217 conprises a source extension region 215
coupledS 8ﬁ%?_ee8§$%§%§$%§g?egion 220. The first, second and third
preferred enbodi nents shown in Figures 2a-2c further conprise

I nterconnects 226 NRBK drfid Jogich3A0tRAIGeRE a8 OMhsHE R 1’1@%41%18&81@

i nterconnects nust be fornmed fromnetal or netal -alloys such as al um num

copper , gant ibh B Ak e PR YDAE QR AU it 3

haf ni um %ﬁt enl%lﬁ;ﬁb!l o?ﬁ%#@cc%l\?r@:sﬁa I %ﬁ@ﬁté?g%?&’d%% or Ze%,tie?%iﬁ}ér p?lgx anpl e,

conduct IC(\)/U.%)]é)d 0 %scfeep%i gfain r%&? 3{96." nl’he%%ﬂbg schTuarié&e re%?ogtzt’i‘g on%r&s@s g Qoeurgel i con
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 Figures 2a-2c¢ further
comprise interconnects 229, 231, 233, 235 that are shown schematically. The interconnects must
be formed from metal or metal-alloys such as aluminum, copper, tantalum, titanium,
molybdenum, tungsten, platinum, aluminum, hafnium, mithenium, or any combination thereof,
for example. For example, conductive plugs, €. g., tungsten, 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 N.MOS 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
intérconnect 231 couples a voltage supply Vss to the NMOS source region 216. In the preferred

embodiment, Vss is a grounded connection and Vpp supplies a voltage level in the range of about

8-



regions while a conductive line (e.g., copper) couples the plugs to one
another and to the supply nodes. In the specific exanple shown, an

i nt erconnect - 235 couples the PMOS drain 211 and the NMOS drain 210 and
carries the voltage output ouT of the inverter circuit. Another

i nt er codeabo 33oPs @\, &S tRan Wbtk 28E/oRHIP iKY YPRIkRodd S0 PMOBSRLH E&nk €91 ON
217. A third interconnect 231 couples a voltage supply Vss~ to tﬁe NMOS

sour oo afsiha RlBohf LAY CHeL Rty SIDRGLIENy Vs 18 2 grounded

connection and VDD s tagé level 'ih"the range of about -8 0.3 to
about 5 volts (e.g., less than about 1.8 volts). The gate el ectrodes 204

are coupl ed t cAnievertaritiiefongnidestie el agerisdanpbye. \f NvblYaga 1dvehil
i nterconnect 229. An inverter circuit conprises the el enents descri bed

above. o} ficadly ¢Qldl B0Be LEIVRE | oD | vl I evel of
VDD 5 pr o ol e PN IR AN SRR b Bl Oy B Be\ T i1

o, e0uhel TSI oy LG O DR SHCL0, VoRs RV SELY, 1 2

voltage |eve near a
provid equal , or nearly equal, to

Fd b IN, V qu%l havof a_  voltage |evel _

the vo etvﬁlg%u eVEICaY capBpe thenvolinge 1676k pi Y ssadl PEISA DN Vovnwilbhevanel regi on
208 conprises crystalline silicon. Crystalline silicon has a dianond

| atti c&olsage irvel paualaprnearinedual: &d the moltdge Eveloofsimpnt of about 5.431 angstrons.
The natural lattice constant i's the lattice constant of the material inits

rel axed or bul equilibriumstate. In the first preferred _enbodinent, a

strai ned chan ItheFﬁ%/r%Hf#)%H’l]%qdé‘P%“ﬁ tg%)"z’*laflgel({?ﬁ}?}}é% CoOmPriggs aWskalas siligoansi st or

201 to foram an_inverter, as shown in Figure 2a. A first stressor 222
Crystaliine silicon has a diamond lattice structure and a natural laitice constant of about 5.431

angstroms. ‘The natural 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 coupléd
to an NMOS transistor 201 to form an inverter, as shown in Figure 2a. A first stressor 222
OCCUpies a Tegion proximate the sides of the PMOS channel 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-



occupies a region proximate the sides of the PMOS channel 208 and conpri ses
a non-negligible portion of the PMOS source 217 and PMOS-drain 211
regions. Lattice-m smatch zones 223 define the junction of the first and
second sem conductor materials 206 and 222 in the PMOS transistor 202. It

is noted that the fi ar.e ot necessarily drawn ale. In fact, in
t he pre‘ff’éfmf%a"%ﬁf%la&ﬁw? on {hg & %Flefgglsﬁﬁ%@t eﬁq%l?ﬁié%d PIn R b direckionew

hundred angstronms, while the source and drain region nmay have a depth of
up to a lesbusamacismgst e vommmntres heiPdOStongstor fablingttheRWOS tussisibt § f or s
a small -portion of the source/drain regions. The second sem conduct or

mat er i al de?i2@ addghpr tisegin@ounaht fayn S Foeendigslyor,p3d ¢ cafut BinhinQ0Nyge AN um
which typically has a natural lattice constant in the range of about 5.431

to abouligier Efsian 9L§:§€n@fé§ds eRendt gﬂ)g%htlbﬁ' Bel&P P%ﬁﬁwcﬁtféd%th &e gRff@ni umin

silicon-gérmani um A - conpre55|v tfain indd on the channel region

208 Y/ 211 d d h
dr v'enc&?a?le%@*‘ﬁ{?’e A b P SlopCel SRR g0 HEAEReaRe Pl L AR 2 "

del i'ver gqﬁr charging current fromthe power supply VOO to the output
ternlnaﬂﬂnﬁﬁ OTAR%04% gher charging current leads to a smaller propagation
delay tpLH associated with the PMOS transistor 202. A reduced tp leads to

a reduced inver tﬁ‘?f] he 3994 ﬁ%ﬁé}i@?ﬂbéﬁ%@&ﬁ%&vﬁ &Vﬁ%ﬁrg %b za%\ao§ I'JE)S: o ctou%lgd ) pVOS

performance. In the seco di men ownin gure

205 is cqu ined c NNDStran5|stor 207toforman|nverter
200, A SO urrad PR SO rRgn F e 305 AESHATERSH St or i &
occupi es a region proximate the sides of the NMOS channel 209 and

conpr i se¥Pmprgngaitiidwmicopdicior onicarl eEPINMOSESOPreréna Gieaigs MDSNM@S n 210

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

sé_miconductor materials in the strained channel NMOS transistor 207.

The third semiconductor material in the second stressor 234 may comprise an alloy
serniconductor material such as silicon-germanium-carbon (Sil_x_yGeny) or silicon carbon (Si;.
'yCy). The lattice constant of SiGeC can be smaller than that of silicon if the concentration of
carbon 1s more than a tenth of that of germanium. The lattice-mismatched zones 241 may also
comprise a semiconductor such as silicon-carbon (Si;.,Cy), which has a lattice constant smaller
than that of silicon. The mole fraction of carbon in Si;.yCy 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 stnaller 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 materiat 226 in the NMOS channel region 209. Tensile strain in the source
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regions. Lattice-m smatch zones 241 define the junction of the first 226
and third 234 sem conductor materials in the strai ned channel NMOS
transi stor 207. The third sem conductor nmaterial in the second stressor
234 may conprise an alloy sem conductor material such as

Si || coMger dmininoEalipaf.c. (SiikoiiniN) phlctid d EUUER] BOR e Bhubero $h0Y) - The
N 0 ©

| atti ce constant of Si GeC can be small'er than that silicon’i

concentgr.at)i QRaREs ¢ i - . th of.-that of gerpani um The
ot LT TR aits 0 2B UHTRES b AR ek e O e B o e, e
silicon: Sil- ,.Which ha | attice constant smaller than that
of sili CWE& Fﬂﬁﬁoﬁﬁéé’@i“@ﬁag&h@éﬁﬁgﬁrgm caprpntyihyn diseRprging (e Prigw about

0.01 to about 0.04. Lattice-m smatched zones 241 having a second stressor
234 conprikédouflogramils & highsniwmntidistherzeneadetd asmaliet propagatied depay 2:at ti ce

constant than the first sem conductor material 226 exert a tensile stress

in t he agheinté withelyl WHGEDSansis@s DOT. | A gedinceda, 4 &gl to BB MvagE08s diike | attice
of the first sem conductor material 226 in the NMOS channel regi on 209.

Tensi | endinigbvediifveBR200NH68nand0d 216 to drain 210 direction (i.e., a
direction that is parallel to a line drawmm fromthe source to the drain)

enhances the nmobility of electrons in the strained channel NMOS transistor
207, enabl i ng IntthethVpsftmeadrsitetioen2drdmddbbineEPMOSIHg hetouges &har gi ng
current when discharging the output termnal VOUT to ground. A higher

cur r enttralhaichaghNMOS! Gads@id 2678 foff aR [PAGALHRA el 2c. Wk strc8i3? oci at ed
with the NMOS transistor 207. A reduced tpHL | eads to a reduced 1 nverter

200 e | LGNS, NS 61 200 BRICSLRRERS Wl K hbr of ¢
negligible portion of the PMOS source 217 and PMOS drain 211 regions. Lattice-mismatch
zones define the junction of the ﬁrst‘226 and second 222 semiconductor materials in the PMOS
transistor 202. The second stressor 234 occupies a region proximate the sides of the NMQOS
channel 209 and comprises a significant portion of the NMOS source 216 and NMOS drain 210

regions. Lattice-mismatch zones define the junction of the first 226 and second 234

semiconductor materials in the NMOS transistdr 207.

As described above, a compressive strain induced on the PMOS channel region 208
leads to an increased drivé 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 tprx as described above,_and a higher
discharging current of the NMOS transistér 201 reduces fyx;, as described above, improving

inverter 200 performance significantly.

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

embodiments of stressor placement in strained channel transistors 306, 308, 312 and 314. The
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strained channel NMOS transistor 207 to forman inverter, shown in Figure
2c. Afirst stressor 222 occupies a region proxinmate the sides of the
PMOS..channel 208 and conprises a non- negligible portion of the PMOS source
217 and PMOS drain 211 regions. Lattice-m smatch zones define the junction

of the f| rst 226 and second 222 semi conductor materials in the PMOS
transi stBtt a?‘é)éecoqdr@%g@é‘%ﬂliﬁfeﬁﬁwﬂhz%ﬂn%%E?tf.f‘ﬁ)‘i?f% npmerali i9n The ekained e t he

sides of the NMOS channel 209 and conprises a significant portion of the
NMOS s omaaastors 60a388 NNRS3 ldrimFigu2 Bare repgrisemiative bitheistaaed NiiSahunzsre 20tef i ne
the junction of the first 226 and second 234 sem conductor materials in

t he NMOGnd BerEhistdPM28 frandsotS CAidiBsscaRe Bd dRinGeHBEERBiateesles itk Rfuced
on the PMOS channel region 208 |eads to an i ncreased drive current of the

PMOS t r giisirst@l NRA3s %fﬂsohﬁe € ah e RSy lﬁﬁmlo%na G%J&%%F e ;BI{@@BSM@O&@Q““E'

region 209 leads to hi gher di schar ging current o ansr st or
207. A h| her drlv 16U t of.tge PMOS transi stor reduces tpz as

descri b&hd g fnﬁrgﬂngﬁﬁW ¢harging current of the NMOS transistor
201 reduces tp*L as descri bed above, inproving inverter 200 perfornmance

significantly. E'Ig r§§ Iﬁ@lo%ﬁjﬁon%f $R seRdshefidiy Ek%t@@?@]ﬁﬁﬁﬁt&@ﬂ%o% {kadS

Figure 3, show nulfiple nbodi nents of stressor acenent- 1 n stral ned

channel - 306 308 first and seco

str essorésggggthgtté\%r ORIV T%a%é‘ ?Cﬁg‘f’%"é&? %tf*eéﬁ% 8&% m}?’d?f’m%gp@? rai ned
transi stors 306, 308, 312, 314 in ure 3 are representative of the

st r ai nedONIAIE driia Fegieps §P0. Dl he %@ﬁ‘?jthﬁ”rfge SeET ARHISPNERS Y uaipd isathos thooaseand t he

source and drain regions 300 are representative of the strained NMOS 207
sour ce &hewrlindiignre e@ltwegmﬂawmayﬁ@aapﬁﬂi witlr alaped! FMEG 20 Prafeablyewith

the first semiconductor material or the like.

A conductive materlal_.S 15, shown in Figure 3, such as armstal silicide (e.g., titanivm
silicide, cobalt silic;ide, nickel silicide, tantalum silicide, erbium silicide, iridinm silicide), may be
strapped fo the source and drain regions 300 to reduce contact resistance. Other materials
include cobalt 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 Figurés 3c and
3d. The stressor 304 may evenly extend above the Jevel of thé gate dielectric 206 to form a
raised portion source and drain regions. Figure 3d shows the stressor 304 comprised below the
substrate éurface 226 and the first semiconductor material above the substrate surface ﬁ26 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 shownin

the transistor 350, the proximity of the stressor to the channel region 320 may vary according to
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and drain regions 211 and 217, respectively. In Figure 3, the |ocation of
the stressor 304 is neant to be illustrative and not neant to be

restrictive. Figure 3 shows that the | ocation of the stressor 304 can be in |
any portion of the source or drain regions 300. In the case that the

ht | h E
27 ces B A e B b RS OB UG
the first sem.conductor terial or the like. A conductive material 315,
shown Changfldegien enhanggs fhe glecionerhefe mobilityiofthetangstor 33G ani um si | i ci de,

cobal t SI|ICIde nickel silicide, tantalumsili cide, erblum5|I|C|de

i ri dium si g@rss SABYshBE e&ﬁrﬁ@@gﬁ)&% smen;lie%s 8@ﬂ§1a§16%%8&h%hgbr @ﬁs 300 to

reduce cont act | St ance. mat eri I nc € co nosi lici de,

e sr EREPAERR SEUUEn S e P AR b ol el s TRt o

dielectric as shown in Figures 3a and 3b, or extend above the |evel of the
gat e dPEFE¢ERIOES TEer6%ADP W@@Ké@lgiﬁdé@l&m%@vem@w beigen u@lle nay evenly
extend above the level of the gate dielectric 206 to forma raised portion
sour ce camrdpisl othe presgit owsntioki dor exatddlestheo B @ pasistes sarbe3Rdinebiianhgded bel ow
the substrate surface 226 and the first sem conductor materi al above the

subst r ah@issts {586 € ¢ 286 uRM) Wile e NVESY irBndiRb R hretol 4. 3R IRPE A
stressor 304. Furthernore, the stressor 300 may or may not be exteéended

h d

"o t@FﬁSﬁf’?%&%ﬁiﬁﬂf%f%*&?%%%%ﬁ%ho%%f U EEREAL o, o
r oxi S re or to the channel_r eqi vary according to

P o IR B o SEtr kit e derar s Es 20 ot BUGSRA S0 500 s

cl ose as possible to the

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 minimai degradation of carrier mobility to
transistors of the other conductivity type. The circuits of Figure 5a-5¢ 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 cénduction 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'v 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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channel region enhances the electron or hole nobility of the transistor
330. Figures 5a-5c show exanple circuit schematics of nultiple enbodi nents,
e.g. NOR gate 342 (Figure 5a), NAND gate 340 (Figure 5b), XOR gate 344
(Figure 5c), conprising the present invention. These enbodi nents are
included to show several circuits that can utilize concepts of the present:
i nvent i GAVCEShE piispiselatiphdupnes tieh psTield oxide team, fomnssthydhaledal onidanen of
transistors (see e.g., Figure 2a) while the NMOS transistors. are not '
st r ai nedilicom meaydtehierd. exanpl e, the NMOS transistors are strained while the
PMOS transistors are not (see e.g., Figure 2b). Finally, as disclosed with"
respect to the 1gm:)o%i mH=nt of Figure 2c, both the NMOS and PMOS transistors
can be strai ned!'8¥5¢2 SMWSH K A2 frase 1 Be best and s98endACHVAICEI9BS not  neant
to bé restrictive or limting in scope. In one aspect, the present )

i nvent i 6A8/¢EhcHeat stask Hotmay comprisg rakidmasktil &t ddvandel04 sndansiest or s of
nore than one conduction type with m nimal degradation of carrier nobility

to tradglestiarndcoh Hahbmedkhe B faaiRdusbiesiveYayey Bethe Tpanf Che gt discr@fie BdQur e
5a-5c provide exanples of “circuits that can utilize these advant ages.

Ref er ri nge BaWeleOrdde 204 gvéﬁ‘ésﬁib ot BELREM Zgéoﬁﬁn%}ef@%?édﬂg%g@ fa%rﬂieﬁ%%iﬁg ed

circuit with strained channel transistors e conduction types, is

describ enm.conduct.or substrate 226,. preferably a siljcon substrate,
is provi e%‘é% %%gfgft%l? ¢ ﬂn%rf)?qﬁﬁ{%%?“&%e%wgﬁef%? fréd eFIBa]cPé’+4aH8n=acti ve
regions jn.the substrate, The isolation structures 203 may be fornmed using
st andar BUEHHIOP GRS daRQsItoB oI shemisal Py deppuiias Sdis physital @éﬁ’pﬂs@f theq#isr i si ng
the steps of etching trenches with depths in the-range. of about 2000 to
about 606BEECHRgOO muyDe i thelringe of eut § endboes] 00whidwomst Teagdie Hielekiria@06
dielectric material by chem cal vapor deposition, and perform ng a chemi cal
may employ a conventional gate dielectric such as silicon oxide and silicon oxynitride or a high

permittivity (high-k) gate dielectric, or combinations thereof.

&s 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 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 420 is between about 20 and about

1000 angstroms thick.

Referring now to 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 materjal 422 comprises

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 regiom.
14 '



mechani cal planarization to give the cross-section as shown in Figure 6a.
It is understood, -13 however, that other isolation structures, such as
field oxide (e.g., formed by the |ocal oxidation of silicon) nay be used.
Fi gure 6a shows a gate stack 412 formed in the first and second active

ol cctr o 300 Ak BN F gk PRt Db S R B8 B o e 971 ©

protective |layer gn_the tqop of the gate el ectrode 204. The gate el ectrode
204 ovéﬁlﬁ%@teflﬁe@ga%thap wrediembodigint, fieescepad anagk Blakssie) GEP9E 4 s  or med
using any gate dielectric formation process known and used in the art,
e.g., tchelprpakt. oxi dation, nitridation, sputter deposition, or chenical
vapor deposition. The physical thickness of the gate. dielectric 206 nmay

[ f t . Th te dielectric 206
may onploy & CORGGAPEGhEY TG PEShPBIeR Fen Sucr 4l S FrsOi G B ae si 1 | con
oxynitr_i;:lhg or a h‘ié h peém%vi%gﬂﬁégi Tci;‘ge k)ghigajte E*cili elb]gctri.c, or @
conbi nak e RESETREP secagd BBl utke @pninRisPrespraiziish @seapicd2eh i s
formed over the first and second active regions 408/ 410. The di sposable
fil m neipndesing plaselaeodhirigdedhniques. ofhiedsuis indisposatie shaced or Mago#26depesi ti on
process or sputter deposition. The disposable. filmmay conprise oxide, for

exanpl &groled a&jﬁ&nﬂ’oﬁﬁ%&fﬁ@ﬁa&rﬂlg%ﬂﬁ@frst_a&t‘i‘\% I%i&ﬁ’@@@bl e film420 is between
about 20 and ‘about 1000 angstrons thick. Referring now to Figure 6¢c, a

first mask material 422 is deposited over the first and second active
regi ons 408/ 418fterth¢ disprttde srmlcerd 226 arayorbed sietdsgdregimisd®s asd dichednin the
oxynitride, or silicon nitride, as exanples. In the preferred enbodi nent,
the fi rastivenmalsubspdneinliphlighe@ wabBiRrdig@sable spacers 426. A silicon etch chemistry can

be used as discussed above. The second mask material' 424 may be removed after etching.

Next, the second semiconductor material 430 is epitaxially grown 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 t_)e chemical vapos deposition
(CVD), ultra-high vacuum chemical vapor deposition (UHV-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 comprise 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;yCy with a catbon mole fraction of
between about 0.01 and .about 0.04. Alternatively, the second semiconductor may comprise
silicon-germanium-carbon (Si;«,GexCy). 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.
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a silicon nitride on a silicon oxide nmulti-layer. Figure 6d shows a second
mask material 424 fornmed over the second active region 410 using
depositi on 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. -14 The second mask materi al
424 may conpri sébahyd masktIRgoers Sicitap partien of e eatf ¢legtiods 264 writhetme fir st
mask material 422. In the preferred enbodi nent, the second nask materi al
conpr i sepitaxialghotthvedirsdn thd\gatetletirolg 204. Thedifiossle spacek 4 Doprevdndd ephidial n t he
second active region 410 takes place in the presence of the second mask

mat er i algrdwth.on Thegaed 14tiB8e 2B sRIS05 ARl wdlh GRS AL AR GhehaA mAPAES USi Ng
pl asma etching techniques. This results in disposable spacers or liners 426

being f ngaﬂ 4 nt- t i fir active.region
408, Af tdg{ t le‘a3 |spg’s(’gfﬁogabg%§8%?s4 3%%%?% teé%%rnﬁr%%%ap%c%é ?‘I()aedr ‘e’rné’br?cgﬁ%mg% are

et ched 'itﬁ t he a%jtoi ve Igr ea substantially aligned with the di sposabl e
spacer s AOBICRIGTOPR AL GIEREcheni stry can be used as di scussed above. The
second mask material - 424 nmay be renpved after etching. Next, the second

semi conduct or maheghaliatfohs f&&ist:@ngg@ggﬁ% 0 38 1Bl eSS Bl R! 1Y T

the recessed region 428." This can ed usi'ng selective epitaxial

growt h (SEQ) .. . The_ epi.t ax rocess,used to perfor he epitaxi .growth may
be ohon Barhed dntre 4 Bl gnRep CEBRaost o SHRGh GAMAREL R S {5y
deposi tion_( UHV- CVDZ ,. or nmol ecul ar beam epitaxy (MBE). The epitaxially

gr own mebeAqRans aekipted naag piepEhidemd srnceling prosesa ciedppantemenkmnabducedgi on
432 of the first active region 408, formng a raised source and drain 430
st r uct urly casventional ion implantation, plasma immersion ion implantation (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 the sidewalls of the gate elecirode 204. In one example, the
spacers may be formed by chemical vapor deposition of a dielectric material, ¢.g., silicon oxide
or silicon nitride, followed by an anisotropic etching of the dielectric material to form simple
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 oxide, and the spacer body
material 446, e.g. silicon nitride, followed by an anisotropic etch using reactive ion eiching. In

another embodiment, the liner 444 may be an oxide and the spacer body 446 may be a nitride.
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shown in Figure 6f. The second sem conductor material 430 nmay conprise
silicon germaniumwith a germanium nole fraction between about 0.1 and
about 0.9. The second sem conductor nmay otherw se conprise a material such .
as silicon-carbon Sil_yCy with a carbon nole fraction of between about

0. 01 and. about : lvel ] Qr .y conprise
silicon-ger nnn?%n%g %rg? &%ﬁélgﬁéi§£§&thé Séﬁgﬁ@gl‘d%ﬁgﬁﬁggﬁéﬁ grlﬁn of Si GeC can
be smaller fhan that of silicon.if .the, concentratiqn of carbon s nore than
a tent & ram%thoéltw%g‘ C&Fﬁ“ﬁﬁﬁff’l}ﬁ‘fonai@mf’ﬁ@ ﬁ%rgﬂﬁﬁﬂﬁ? CE’&?@P?“E’H@ B tporti on
of the gate el ectrode 204 so that no epitaxial growh occurs on the gate
el ect r §FECREAT PRyt NS HIsapbBaspmeldoty Thespeoemdsirdpragions 4br e easomd on t he
gate el ectrode 204 sidewalls. Follow ng epitaxial -gromh, the hard nask
418, tesyprtw B ereffoinmd 42 Qsing icspimphintatios patecovdRee the frst iriststomsk. eher i al
422 may be renoved, formng the structure shown in Figure 6g. The

epi t axprfdred 9movdlimbht 5 BopReNEueRAMRS0N ubRl &f pakivaRA IARY 408 ifBmelibyedoped or
undoped during the epitaxial growth. If undoped as grown, it may %e_ doped
subsequiiin@iond REvARBARL SoFigl vated using a rapid thermal annealing
process. The dopants may“be introduced by conventional ion inplantation,
pl asma i mrersion ion inplantation (Pl]1), gas or solid source diffusion,

or any other t@hbnnehes akdoudismobifsedng sthitar@lit disfidyed ifRbarhdifamage or
anor phi zati on can be anneal ed t hrough subsequent exposure to el evated

t enper aiitcaton Jehiguis 6h shows +&e0s9ri SAPRHE kel Y%t%c?h&éig%é(ﬁ&ié{?h&?r

processing. A first ShalTow  inplantati'on can be ‘perforne e Structure
of Fi g%eemgt%ocﬁsoanq(?!ggantogs? taﬁé}ﬁlirll al -a{p%Héa%gﬁ ca~4n5boe a%];plicd 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
710 includes a strained 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
element. The strained chanpel 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 portion;% 772 and 774. The terminal portion 772 is coupled to
source/drain region 214 of transistor 776. In the illustrated example, an isolation trenéh 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 first and second transi stor source and drain regions 452 and to form
the source/drain extensions. Spacers are forned on the sidewalls of the
gate-el ectrode 204. In one exanple, the . spacers may be formed by chem cal
vapor deposition of a dielectric material, e.g., silicon oxide or silicon

nitride, followed b ani opic.efching of the .dielectric erial to
form simple s poieePlond st ih 2 Roacihp P Eagr sl Ve 1B el it
conposite spacers. A conposite spacer nmay conprise a dielectric |iner 444
and a sphdby supplyyrolag nofp ¥ oites wEPlYineds Vperndshysupaly vebagemeRedisihe t he
deposition of a dielectric liner material, e.g., silicon oxide, and the
spacer bogahy nadaiVes (cad., &dnd). elnghe ssiatpbeonf Figute Toglde stipply whege inydediy is the
ani sotropic etch using reactive ion etching. In another ernbodi nent, the
liner 44dpmpabdb e saindme @l@@%hﬁﬁ%@@%%@%ﬁﬁﬂ&% WaildnetishbwAther 16 The
source and drain regions for the first transistor 436 are fornmed using ion
i npl ant at i i I i | red
erbodi menpsotellE o £ BRI el BE ARSI TR B ndht v, Ve BB E0, 1,
The source and ﬂ?éin i gions for the second transistor 434 are formed by
usi ng i GAEPHRETS AT AR5 G ile covering the first transistor 436. In the
preferred enbodi nent, a dopant such as boron is used. A passivation |ayer
448 19 Tormed oMehombinidsli: HULSEG0T AEHMTIAG RYB JABLGMIn QA her

f tor osed I co-pendi ng

met hods and variations o mng a structure are disc

application Serj.al. Na. . . (TSM)3- 5 ich is,i rRQr d_herein by
ref er en8& gﬁgﬁ%pﬁg 8%“&% wgﬁ)ﬁ% %ﬂ?é\g?%fﬁah?fs"?r@@ ﬁ émg%ﬁ?%%’t ‘f’@ﬁh can be
applied tq the structures disclosed herein. For the sake of sinplicity,
each of ﬂ@ﬂ%@%t@wamcamow hgpein bivwsfergneer epeat ed herein. - :

Although the present invention and its advantages have been described in detail, it
should Be understood that *v'aﬁous changes, substitutions and alterations can be made herein |
without departing from the spirit and scope of the invention as defined by the ;ppended 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 fransistors 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, mannfacture, compositioﬁ 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 later to be developed,
that perfonﬁ substantially the same function or achieve substantially the same result as the

corresponding embodiments described herein may be utilized according to the present invention.
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Fi gures .7a-7c show an alternate enbodi nent inverter. In this exanple, the
inverter 770 includes a strained channel transistor 776 coupled in series
with a resistor 778. Wiile a transistor served as the | oad el enent in
Figure 2, in this exanple the resistor 778 is the load elenment. The

st r ai nagcabmplyethe bppAdddsdins Zé6neRRd Beineiuih e:rlm@rthdﬂl\&ﬁlya JuBRphosdseds, (Fi gure
7b) or a PMOS transistor (Figure 7c). The choice wll typically depend

upon i diigtdayb t t i ej ornmed el sewhere on the
chip.wggﬁgﬂ%aﬁ in(%¥%J¥g$¥g§b?ﬁ%ﬂgggfggﬁg’géﬁggﬁgﬁﬁﬁ%s a resistive portion
780 separating two highly doped term nal portions 772 and 774. The
termnal 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 some instances, e.g., when regions 214 and 772 are
of the sane conductivity type, the isolation trench 203b can be elim nated
thereby reducing the surface area. -17 The second termnal 774 is coupl ed
to a voltage supply V2. In the exanple of Figure 7b, the supply voltage
node V2 is the supply node VDD and the supply voltage node Vr is the
supply node Vs (e.g., around). In the exanple of Figure 7c, the supply
voltage node V2 is the supply node Vss and the supply voltage node Wr is
t he supply node VDD. Wil e not shown, other conponents, e.g., a

transi stor, can be coupl ed between the supply nodes V1, V2 and the inverter
conponents 776 and 778. In another enbodi ment, the resistor 778 may be a
resistor of the type taught in co- pending application Serial No.
101667,871, filed Septenber 22, 2003 (TSMD3-0553), which
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application is incorporated herein by reference. Al though the present
invention and its advantages have been described in detail, it should be
understood that various changes, substitutions and alterations can be nade
herein w thout departing fromthe spirit and scope of the invention as
defined by the appended clainms. As another exanple, it will be readily
under stood by those skilled in the art that the structure and method of:
form ngwmhew et &tveprisui ts utilizing strained channel t ransistors may be
vari ed mhlle remaining within the scope of the present invention.
Nbreover scope of the present. application is not intended to be

li mited! to t éﬂmﬁg} QrOnPECE SRSt s of the process, machine, |
manuf act ure, conposition of matter, nmeans, nethods and steps described in
t he specifi catemueendytormestafe tbartduchaheya §ist $emigqndedter raateriahpd a sasaef | y
appreciate fromthe disclosure of the present invention, processes,

machi nesgmin@iduétacihnieSs]l wheRin@s fitst s caidudrad theterial iRenayiceesdsdsthaos st eps,
presently existing or later to be devel oped, that perform substantially

the samgfpnetban 18icARbENSr BRI RAR L RILY the same result as the
correspondi ng enbodi nents descri bed herein may be utilized according to the

nt ude wi i nf RS Ftﬁaéxswf%?é?’?%éﬁ’ gﬁh%%&ﬁsﬁgﬁﬁafaﬁgﬁwﬁcﬁ]ﬁ?%@'ﬂﬁ%%é%eﬂaaéﬁﬁffﬁged -

conposi ti.ons of matter, means,_ mnethods,. aor _steps. SCAMDIS 1. A
sem con&REEH §f%¥?€@#—‘-éf%@ﬁ%ﬁt§"r Frystraie appepiiebraiceria fEﬁH?Q??”&% ¥et¥at i ncl udes
a first sem conductor material and a second sem conductor materi al wherein
t he fir stheserd orgitroticectriaterliclthafast chahmst egoe apbaditshprie tlherodepverlies

‘the first gate dielectric, and wherein the first channel region is formed in the first semiconductor
material and at least a portion of the first source and drain regions are formed in the second -
semiconductor material; and

a second transistor forméd in the semiconductor substrate, having a conductivity tvpe
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 first 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.
0-



different froma lattice constant of the second material; a first
transistor formed in the sem conductor substrate, the first transistor
having first source and drain regions forned in the substrate oppositely
adj acent a first channel region, wherein a first gate dielectric overlies
the fiest ctanqektufFichin aRcherid hE Sifst ERABR I ECIHRIS QY @éc'oh@ﬁa&sﬂﬁorfa% rst gate
dielectric, and wherein the first channel region is forned 1n the first
senicoggygfﬁyxﬁﬂgg&hgl and at least a portion of the first source and drain
regions are formed 1n the second sem conductor material; and a second
transistor formed in the sem conductor substrate, having a conductivity
type different than the first transistor, the second transistor having
secondbsour €k simduttradiciim € gihern the first ARl SUBST g2t GelOPROSH Rive@EbRGENt a
second channel region, wherein a second gate dielectric covers the second
channehigh&gdii€lectald a second gate el ectrode covers the second gate
dielectric. 2. The structure of claim1 wherein the first transistor is
coupled to the second transistor to forman inverter. 3. The structure of
claiml wherein the first transistor is coupled to the second transistor as
part 7of alMORuefreiicleim 4 whtesn the ficst end secafd gatealavirbdestremerise 4 hetal i r st
transistor is coupled to the second transistor as . part of a NAND circuit.
-20 5. mitesalstructure of claim 1l wherein the first transistor is coupled to
the second transistor as part of an XOR circuit. 6. The structure of claim
| wherein the first and second gate dielectrics are forned froma '

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.
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).

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

(St), 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.

i4. The structure of claim 13 wherein the first transistor is an NMOS transistor.



hi gh-k dielectric. 7. The structure of claim1l wherein the first and second
gate el ectrodes conprise a netal material. 8. The structure of claim1l
wherein the lattice constant of the second sem conductor naterial is larger
than the lattice constant. of the first sem conductor material. 9. The
structure of claim8 wherein the first transistor is a PMOS transistor. 10.

The st ruet ur L AIEe ph Baipdrvdiceein R Secoae Pl sRfi denTatienad FORBTES Siicon

conprises silicon ;Si) and germanium (Ge). 11. The structure of claim 10
wher ei n anleaberond sem conductor material conprises Silicon (Si),

Germani um (Ge), and Carbon (C). 12. The structure of claim 10 wherein t he
concentration of Ge is greater than 10 percent. 13. The structure of claim

1 wherei lattice nst.ant. of the se ond s m conduc materjal is
St T B T S oA et B Se e RO bus B PP STl 14,
The structure. of claim 13 wherein the first transistor is an NMOS

transi stgpnanupangsarbqihe st r uct ur e of ~claim 14 wherein the second

sem conductor naterial conprises silicon and carbon. 16. The structure of
claim 15 wherein the -second semn conductor materi aI corrpri ses silicon,

doncent rti on s FEARBer e 15VEeRel e aRgEolt Pheha S0 BBe Sk cont.

‘percent to 0.04 perccnt.'

18, The structure of claim 1 further comprising a third semiconductor material, wherein at
least a portion of the second source and drain regions are formed in the third semiconductor

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 s a 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 a PMOS transistor and the

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



18. The structure of claim1 further conprising a third sem conductor
material, wherein at |east a portion of the second source and drain
regions are formed in the third sem conductor material. 19. The structure
of claim 18 wherein the lattice constant of t he second sem conduct or

mat er i @ﬂe PMIOSarA8Eof RaRih@tkt ht%g tt%%@ﬁ# a}@ﬁﬁ[ agﬂ 0; 1|sr Sl sen} gyond ﬁ%g}ﬁ t han

material and the lattice cons

thela he fjrst teri al Th structure of claim 19
wher ei trsl 4aﬁe ro?) P&%t %F? 81%%‘?0 P%Fﬂok”ﬁy to 1%H@b’(h%m Apel ;e808i stor is an
NMOS. 21. The structure of claim19 wherein the th| rd sem conduct or

mat eri al conprises silicon, germanium and carbon. 22. The structure of

cl ai m 23whemee findche 6fidlash 1twiRRASh ﬁfe%rst%'ﬂﬁﬁtbﬁ%?np%se RNRROL ru%ﬂi%grta?lﬁ pnd t hea

second transistor corrprl ses an NMOS transistor "and whérein thée ratio
wi dth of . Lhg.gak or. t of the
NMOS tracr?s‘?stor (Frsc(aa %%%)%Iir[ﬂn%{@: e' qS:EJOg‘Iqn SHHE tReI&H%P awgﬁq %tp g?a io of
el ectrgn it I|t in the channel region. 23. The,
struct ?neeﬂ%b&waﬁ 1§Py to\%‘@?‘tguoh&ff ﬁétep PRrikngstaris apmprimaely equaNmge
transi stor and the second transistor conprises an NMOS transistor and
wher ei FtioRd elesrprmebility tohele mobility hethgehamndfregiethe PMOS transistor to a width
of the gate of the NMOS transistor is approxinately equal to the ratio of
el ectron nmobility to hole nobility in the channel regi on. 24. The structure
of clakml j first, and.s nd,sour and rain reglons and the
gat e eF!g]ct ro egstﬁlg %{uf%lafmrl eéef%thgg{%%ﬁﬂdts?ca §§o§fc6'ag BRI EIRRY Kdhe,
silicified 8 rc{ P

gate elettrodes 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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25. The structure of claim1 wherein the distance between a junction
between the first sem conductor material and the second sem conduct or
material and the gate dielectric edge is |ess than 700 angstrons. 26. An
inverter conprising: a transistor forned in the sem conductor substrate,
the transgisto i urce region and a drain region fornmed in a
senicond%%torg%uq%#ﬁg?gp%%%%siter adj acent a channel region, wherein the
channel is fornmed in_a first sem conductor material and at |east a portion
of the sour A &S PbRErbIesearcanARgiE shbstatesthe BROsStPribAviaL & sewprregion

sem conductor material, the first sem conductor material being different.
t han t healieictiid remen fommmdlic & semicenducionsubstrade bupasited) afjerant o drmed rdgiont he

sem conductor substrate, the | oad el ement coupl ed between the drain region

and a fiwhdreis tippdhynneblstfarged g fist SRdcrndisReaRdesUBR] ¥ 10491 4 RFfoNed8: coupl ed
to the source region. 27. The inverter of claim26 wherein the |oad el enent

CONPI | S ook E8bSAInADtn kit ABRLARE oo ATRiS AR AR DR ey stor . 28,

The inverter of claim 26 wierein ment conprises’ a resistor and

t he trangi rises.a P transistor,29.. The inverter of claim26
wher ei n %h%&oﬁ%%cgc?%ﬁ%%ﬁﬁe%%% 2 af’ paghag %ffnd?o.ng O RHE Y nverter of claim
29 wherein the1 lo%d el enent  conprises a strained transistor. 31. The

i nverter of A 'aidwomenhframed it thyeemipepayusian substiates tha desd elemppat eoupiedibettert: ¢
overlying the channel region, the gate dielectric being formed froma

hi gh- k dibefwetregion a@Pa fiffhepplyweltagemodd; aad ai m 31 wherein the transistor
i ncludes a gate el ectrode overlying the - :

a second supply voltage node coupled to the source region.

27.  The inverter of claim 26 wherein the load element coﬁlplises a resistor and the transistor

comprises an NMOS transistor.

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

comnprises a PMOS transistor.
29.  The inverter of claim 26 wherein the load element comprises a 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 31 wherein the transistor includes a gate electrode overlying the

gate dielectric, the gate electrode comprising a metal material.
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gate dielectric, the gate electrode conprising a netal material. -24 33.
The inverter of claim26 wherein a |lattice constant of the second

sem conductor nmaterial- is larger than a lattice constant of the first

sem conductor material. 34. The inverter of claim 33 wherein the transi stor

is a PMXS ttansistehs ?lgiél 26%@&‘2{% oﬁ)sftau? gqf)hgnst%% Jherel H he S&S

sem conductor materia I'ses SI TEh (I@%t Il 36 The

|nvert Aﬂ] ei.n the concentration of Ge is greater than 10
per cent laréeftﬁ %ﬂtﬁvg?rtsgf‘tgghe Lish Soagen ‘Féi“ﬁeffaﬁe lattice constant of the
second sem conductor nmaterial is smaller than the lattice constant of the
first sem conductor material. 38. The inverter of claim37 wherein the

transi s or Tig iaRertVIRIAFARSIRE the 3QnsidBEs b@mé Eén ﬁ§0r0| aim 38 wherein the
second semi conductor material conprises silicon S , germanium (Ge), and

carbon (C). 40. The inverter of claim39 wherein the concentration of
carbon is in the range of 0.01 percent to 0.04 percent. 41. The inverter
of cl ab¥n 26TheHBY®IcHO Cﬂ@lmﬁ"rr’\?éler@mtilesmd:delmowdcletoameltcnm&bmpn&gISQJnSn and the
gate el ectrodes of the first and second. transistors each include a

si | i ci $&chndeetmaium 42). The inverter of claim 26 wherein the first

sem conductor material consists essentially of silicon. -25 43. The
inverter of claim42 wherein the second sem conductor material conprises

sili con . ¥ . . -
6. The inverter of claim 35 wherein the concentration of Ge is greater than 10 percent.

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

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

(S1), 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.

4;. 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 asilicided portion.

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

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 insul ator
| ayer underlying the first sem conductor material. 46. The inverter of
claim 26 _and _further conprising a conductive naterial formed over the

sour ce regi oAhaiuetnel elpiE 47 hegtin e secoad serpisenduaipe prisHalepmpHagsHlFen wher ei n
t he conductive material at |east one material selected fromthe group
consi st iang gomapiutmani um silicide , cobalt silicide, nickel silicide,
tantalumsilicide, erbiumsilicide, iridiumsilicide, cobalt
aermanosi |l i-ci de, nickel errnanosilicide, cobalt carbon- silicide, nickel
carbon-silicide. 48. The jnverter of claim 26 wherein the transistor
conpri séd a Eﬁf‘t WVEIE PR 2 TETT PRedErRA S IChRIVAIOr TRsHrGRTRAES SRR o

el ectrode overlying the gate dielectric, the gate el ectrode being forned
froma $afFEbductor. 49. The inverter of claim48 wherein the gate

el ectrode is fornmed from polycrystalline silicon. -26 50. The inverter of
claim 26 wherein .the transistor conprises a gate dielectric overlying-the

channel eqi and. a e ctr.ode overlyi t.h te dielectric, the gate
ol oct rode: beit 2P elBbR B iR AE o el Bfhebr SRR iS5 wher oin
t he transi ft or conprises a gate dielectric overlying the

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 silicide, cobalt silicide, nickel silicide, tantaium silicide,
erbinm silicide, iridium silicide, cobalt germanosilicide, nickel germancsilicide, cobalt carbon-

silicide, nickel carbon-silicide.

43.  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 semiconductor.

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

silicon.
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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 claim
26 wherein the transistor conprises a gate dielectric overlying the

channel region and a gate el ectrode overlying the gate dielectric, the gate

el ectrage behdgybat R dain SO0 el BleAanBbk L q?pens?? § %"“%@‘8@{1‘? h%e? yH‘%f hfg lhgln nme|26

wherein the transistor conprises a gate di

regi on e .over| the gate dielectric, wherein the gate
i o) ect e BRh %@%&ﬁaﬂeﬁ@a& P"%]Hé‘gr{g% s 4P eeiBiodbe e vibasvile hengionpd

consi sti ng of iIicon oxide, silicon oxynitride, and silicon nitride. 54.
The i nd®©F &M@k clai m 26 wherein the transistor conprises a gate diel ectric
overlying the channel region and a gate el ectrode overlying the gate
dielectric, wherein the gate dielectric conprises a high k dielectric 55.

The inverte te dielectric r se | east one
nat er i g? E?%%F gjt %%%Mc?%ﬁﬁmg% 8{ FREBFS %%ﬁt%ﬁhglﬁ?ng%fj‘éeé mél Pfvi num

oxi de, _and 12| r.con conbi nations thereof. -27 56. A nethod of
For m ngPagahAES A 1T iorE DB meshtet AGe o perasipgrodpbevg Mimgd o

sem conductor substrate that includes a seni conduct or body forned of a
first SR cBHBUEEGHe material; defining a first active area and a second
active area in the sem conduct or body; formng a first transistor in the
first active area, the first transistor including a source

52. The inverter of claim 26 wherein the transistor corprises 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 inverter of claim 26 wherein the transistor comprises a gate dielectric 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 dielectric 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 therecf.
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region and a drain region fornmed in the sem conductor body oppositely

adj acent a channel region, the first transistor further including a gate
dielectric overlying the channel region and a first gate electrode
overlying the first gate dielectric, wherein the first channel region is
formed _J.n tEF first_sem conductor material and at |east a portion of the
source rdgio -%ﬂ%°$ﬁ@bﬁwégﬁ5@@&W6mdDi%WFH#WQEQWWK§‘§§@HHBgseniconductor
material, the second sem conductor material having a lattice constant that
i s different Provigngs jeaticandectaronistratetthayfincludes 4 fangtondaetvciomdy detned ofatfiesti al ;
formng a second elenent in the second active area; and form ng a conduct or
bet ween stihiontiuaion maferitlie transi stor and the |oad el ement. 57. The nethod of
cl aim 56 wherein the second el enent conprises a second transistor

including a qemauet Mt ﬁc\ﬁwé YR arth 4 Je@%xﬁrhtctiw"ﬁ'@a ﬂhgﬁ’é sefficnliGidddody; transistor,

t he second transistor avi ng second source and drain regions in the
substrate opposit el dj acent econd channe region,. erein the :
conduct or " i s??r%ﬁnﬁe%%%@f 13T H‘F@e @lisg"ilcﬁw? nga’?lileré?t tfarngﬁ?F %@{ﬂmﬁﬁcﬁoflﬁé drain of

the second transistor. 58. The method of claim57 and further conprising:

el ect ri CEHPYAEABRN ARPieTHEBELP die seruqopduciqr bedy enpapikily tditcerin ghapidlst suppl y
vol tage node; and electrically coupling the source of the second

t ransi stregion, thedirstdzasistos faphtninoholit gagygatadidiectric 28erb8ng b ehameelreglombndd ai m 56
wherein the. second el enment conprises a resistor. 60.. The nethod of claim

59 wher dirst ghlselecRSdeSdverlyia® MR s aste @ididchil wheti iRedirsBelinge] 66T fod2RM nal
such that the conductor is formed between the drain of:the transistor and

the firsf thelrli WrRbn R tok BEreF 8T b0k ast EB@m@EEPﬁg séﬂﬂ:é D6on SRR G340 gion
is formed in a second semiconductor material, the second semiconductor material having a lattice
- constant that is different than a la&ic;a co_nstént 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 load 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 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.



electrically coupling the source of the first transistor to a first supply
vol tage node; and electrically coupling the second term nal of the
resistor to a second supply voltage node. 61. The nethod of claim 56
wherein formng a first transistor conprises: formng a gate.stack that

i ncl ud th i el J nd the gate electrode; formng a dielectric
| ayer ?ér ?ﬁlg e?t}dsat()?g% | \S/E%z]alfgrée t %%F%}#eﬁanqrﬁgoragfsgs &fABI-  ani sotropical ly

etching the dielectric layer to formsidewal |l spacers along sidewalls of
the gate electrode; etching a portion-of the sem conductor body to form

t r enche®. adTae emethddvé claing 80vwhkreinIRACEES: cdishisbOf MisN@rhhA S8%
sem conductor material in the trenches. 62.7 ' Thesmet ho% o? gf{}gln?n 61 and

A e A TR TR S e i

material and into the sem conductor bo &t drai n
region : od of .cl.aim62 wherein the source and drain regions
extendﬁ%t egsggf%%%ﬂJgﬁaggpgﬁgﬂ%h?%myﬁgﬁseniconductor body. 64. The met hod
of claim63 wherein the second sem conductor material has thickness of |ess
than about SEEFHSHGsINBIRE the sayuresmE thpesttenpigiar tsra fibtruppl§ Yokaye nbder nhér
conprising formng a |layer of the first sem conductor material over 'the
second seni elepriodisorouplintgshe sdcondbrmiTilef tetrbgstiond ackainmsBbyMianed Aod:0r N ng a
gate stack further conprises fornmng a second gate stack over the second
active area and wherein formng a dielectric |layer conprises formng

61. ﬁe method of claim 56 wherein forming a first transistor comprises:

fdrming a gafe.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 regions.

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

angstroms info the semiconductor body.

64. The method of claim 63 wherein the second semiconductor material has thickness of less

than about 200 angstroms.
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a dielectric layer over the first active area and the second active area.
67. The nethod of claim66 and further conprising formng a mask over the
second active area after formng the dielectric |ayer but before

ani sotropically etchi ng 68 The met hod of claim56 wherein the lattice

constant. _of fhe secon uctor material .is |ar than the lattice
const anP>-of hPFemth?‘g?fd g’é@ﬁ?”ﬁﬁ?’é’%é mﬂéblaysf%gghﬁﬁﬁéﬁmﬁfm Cdfm 68
wherein the first transist‘or is a PMOS transistor. 70. The nmethod of claim
69 wher giafprigheves e aergnd eamlewducion odemat eri al conprises silicon and

germanium 71. The nethod of claim 70 wherein the second sem conduct or
mat eri al conprises silicon, germani um -and carbon. 72. The nmethod of claim

70 wherein t at i n, of rmanl U 271,
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sem conductor, materi al |s smal | er Ehan t he Iattl; _c}onstant of .the first
sem con8HE £Fk orer Hieisaqond aciiye aipa ¢ WFFEHEELBE 2 Aleloric 7ayShFRTvRLISES 1OFEIDE; r st
transistor is an NMOS transistor. 75. The nmethod of claim 74 wherein the
second sérmlechivdeer over vt fosti aalivecaserrnid slesssesprid asbive gl car bon. 76. The net hod
of claim 75 wherein the second sem conductor material conprises silicon,

ger mani um and car bon. 77. The nethod of claim 75 wherein the concentration

of carb %? ' S'I'fla me od ofa crllg_m é%fang furgher comprising forming a mask over the second active

area after forming the dielectric layer but before anisotropically etching.

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

material is larser than the lattice constant of the first semiconductor material.
69.  The method of claim 68 wherein the first transistor is a PMOS transistor.

70.  The method of claim 63 wherein the second semiconductor material comprises silicon

and germanium.

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 i8 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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percent to 0.04 percent.

4. The method of claim 73 wherein the first transistor is an NMOS transistor.

75. The method of claim 74 wherein the second semiconductor material comprises silicon

and carbon.

76. The method of claim 75 wherein the second semiconductor material comprises silicon

xl

germaniurm, and carbon.

77. The method of claim 75 wherein the concentration of carbon is in the range of 0.01

percent to 0.04 percent.



