Silicidel/ Sem conductor Structure and Method of Fabrication [0001] This
application clains priority to provisional patent application serial nunber
601498, 775, filed August 29, 2003, entitled "A Silicide/ Sem-conductor
Structure and Met hod of . Fabrication,” which application is incorporated
herein by reference. TECHNI CAL FI ELD [0002] This invention is related
generally to sem conductor devices, and nore specifically to devices

enpl oyi ng | ow ?ﬁﬂ&d@%ﬂi@bﬁﬂﬁﬁbs-Stmwm&neahfmbwmtmme of
sem conductor devices in VLSl circuits continues to shrink, the inpact of

contact resistance in device performance.i s, becom re.l ant .
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per f or maFebecatiGaf ahichlappliciog hipcasprietgd eren TP degrades drive current,
which in turn limts device performance and speed, increases device

heati ng, and causes other undesirabl e consequences. [00041 One approach to

| ower i ngTECHVERAL ¥i&E&Dst ance is to increase the doping concentration of the
sem conduct or region to which contact is nade, typically a transistor
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sri'rcon Tayer

asilico po that has been doped with inpurities such as
arseni c, : :

BACKGROUND

[0003] As the size of semiconductor devices in VLSI circuits continues to shrink, the impact
of contact resistance in device performance is becoming more important. Generally, when metal
is in contact with doped silicon, such as at the contact to a transistor source or drain region or
gate electrode, a Schottky barrier is formed at the interface. This Schottky barrier contributes to a
higher contact resistance, thus decreasing device performance. Generally, higher contact
resistance degrades drive current, which in turn limits device performance and speed, increases

device heating, and causes other undesirable consequences.

{0004] One approach to lowering contact resistance is to increase the| doping concentration
of the semiconductor region to which contact is made, typically a transistor source or drain
region or gate electrode, although the region could be a doped polysilicon resistor, a capacitor
plate, or some other tioped region. Traditionally,. such regions are formed from a doped silicon
regior, e.g., a silicon or polysilicon layer that has been doped with impﬁrities such as arsenic,
phosphorous, boron, and the like. Generally, increasing the level of the impurity concentration

impacts many device characteristics, including decreasing undesirable contact resistance. Silicon
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phosphorous, boron, and the like. Cenerally, increasing the |evel of the
inpurity concentration inpacts many device characteristics, including
decreasi ng undesirabl e contact resistance. Silicon -1 has limted inpurity
solubility, however, so the ability to decrease contact resistance by

i ncreasi ng the dopant concentration cannot proceed beyond the inpurity

solubi ity gai 5 : Wi con. The i rity concentration |evel may
have signiffcgﬁ?&%gigg %%%ﬁg# gPWQQWFSgwq@ﬁ5¥5%?@?@%?@5@*5§SVWHﬂbY and hence

t he i npact ; o i stance cannot be taken in isolation of other
way's trrﬁat tlﬁgeaig%gﬁ%i ({O{}gnggélnftgﬁfaglﬁf‘ FBROTRIpoeET %"“é”@fld Heimpusityelbditrtimieof thhi s
may further:;.li M. .ability to reduce contact resistance by increasing
inpurity cgﬁlgé%ﬁ%tlbgﬁr@f%% atip Levgipatofave signifipant tparkapenthet deviddecr easi ng

t he contac i.sf.ance i.s al.so known. In conventional devices, a neta
silicide | %@arerf?&%rgs&%oa% r‘%’éﬁ %‘2’ hPp tg%‘ﬁﬁ’&“r%@%ﬁﬂ’fﬁ%ﬁl%ﬁ%%nms fe tasen ingsofation b

made. This _silici egion.is typically formed either by depositing a
silicide | 8‘3‘8‘& ‘l"i‘%gg"ft ?beq?lP‘F&ﬁical?ﬁe fr4tiop g 2ffeq dgigecnsriainhance. déhis mayfatther
silicide) PHTHEe s}licon or polysilicori region to which contact is to be
made (e.g. O G togredusr somfagt sesisince by igereasingdgipurity cancdatpation.pol ysi | i con

| ayer), or by converting a portion of the silicon or polysilicon region to

a silicidef00as] i n Hictuse POGRSE |DYer FMALS i Lm.js_ deposited on the
region and wherein the netal an {poly)%F??gﬁﬁi%ﬁgégg%%m?3ag?§?%WhI§iIicide

i n a subseeii@BitiohfekiBes, Pﬁ@fﬁ??lﬁéi&‘cgla?ér‘???orrpéeago%&mﬁ% %o’?‘n?%ntéegf?gtgﬁra ‘?v 1'9:}? %q%\é\ﬁg'gitq |

smal | er device geonetries increases, coup

further inpyayed ek : : exi sts for.structures and
ot hods t hiy e TS AIRRRRIPL BRESY (e RRE P dithamiiddis (5

parti cul arditdnibiUicidRr tuﬁiﬁ\’én%ﬂﬁzi&%’c}ibﬁgsiﬂa&% oln%glegstil?c%n Imn polysilicon region to which

contact is to be made (c.g., a source or drain region, a gate region, a doped polysilicon layer), or
by converting a portion of the silicon or polysilicon region to a silicide (an in situ process by
which a metal film is deposited on the region and wherein the metal and (poly)silicon interact to

form a silicide in a subsequent thermal processing step).

[0006] As the trend toward smaller device geometries increases, coupled with the desire for
still further improved device performance, the need exists for structures and methods that will

allow for decreased contact resistance. This is particularly true for devices having gate lengths in

the 90 nm and below range.



the 90 rimand bel ow range. SUMVARY OF THE | NVENTI ON [ 0007] A preferred
enbodi nent of the present invention conprises a dielectric/netal/2",

energy bandgap (E,) sem conductor/|" E. substrate structure. In order to
reduce the contact resistance, a sem conductor with a | ower energy bandgap
(2 d EOis put in contact wwth netal. The energy bandgap of the 2 d E,

sem conductor is |ower than the energy bandgap of the |I" Et serniconductor
and preferably lower than 1. 1 eV. In addition, a |layer of dielectric my
be deposi dielectric layer has built-in stress to
conpensa?%hﬁgyﬁ?%égg?ggégk?ﬁﬁpﬁ% metal, 2 d EF sem conductor and |I" Eg
substrate. A process of making the structure is also disclosed. [Q008] The
f or egoi NngObETS outlprefeckdreatbhéimebr afaldd yyesehidnfeptituseasprisenc dideting/matal/advant ages
of the present invention in order that the detail ed description of the

i nvent i orentlagbarfdghd @psenirynhieorNRE] ebstncgnstiooth ordetdd tadoceathe ta@adctr es and
advant ages of the invention will be described hereinafter, which formthe

subj ect afsidthRe Gl s@inftBndabiot Beh bk Nav@nRthedsy bantigHHDYIEY ibeutapporeat aitechey. t hose
skilled in the art that the conception and specific enbodi nent discl osed

may be regdichdtgy ndhdp2ftheas® B, SRRSO isTOEE tYinNEe efergashdnbnghetifia,
structures or processes for carrying out the sanme purposes of the present

i nventi onepmldon@lRRYhith RERAbRSow &M an 280 DY Intl @G 6n, SKkYek Sﬁhiél&tiibﬁléﬁbé t hat
such equi val ent constructi ons do not depart fromthe spirit and scope of

EI’EE :DQRX\?\V LORe@Sn HEMef2Pr dié]&trﬁ&%e@ﬂmﬁ% sfﬁjeﬁit%em]%r:}kﬁg foPkRGRER TA G OF

metal, 2™ Eg semiconductor and 1% E, substrate. A process of making the structure is also

disclosed.

[6008] The foregoing has outlined rather broadly the features and technical advantages of
the present invention in order that the detailed description of the invention that follows may be
better understood. Additional features and advantages of the invention will be described
hereinafter, which form the subject of the claims of the invention. It should be appreciated by
those skilled in the art that the conception and specific embodiment disclosed may be readily
utilized as a basis for modifying or designing other structures or processes for carrying out the
same purposes of the present invention. It should also be realized by those skilled in the art that
such equivalent constructions do not depart from the spirit and scope of the invention as set forth

in the appended claims.



[ 0009) For a nore conpl ete understanding of the present invention, and the
advantages thereof, reference is now nade to the follow ng descriptions
taken in conjunction with the acconpanying draw ngs, in which: [00101
Figure | is a cross-sectional view of a dielectric / netal / second bandgap
sem conductor material / first bandgap sem conductor material structure;
[0011] Figures 2a through 2g are cross-sectional views of internediate

st ages i n tHRIEF MESCRARTIONSOBITHE IMOBWINaRsSi st or ermbodi ment; and [ 0012)
Figure 3 is a cross-sectional view of a MOS transistor with a conposite
dielectric[od yer.FggTAILED SCRI PTI ON CF | LLUSTRATI VE EMBODI MENTS [ 0013]
The neki ng‘and’ usi ng “OF° T RETHFE SBITTISRdieer dermerser iysutiomeand sheaadeartigsc us sed
in detail tﬁ&%&?“fblt shouldage aﬁpreciated,_hgmever, that the present

i nvention proviides Hany Sy it rhelollpmipgdesciistions keminsotjhadtion siith e embodi ed
in a wde Xgrietg.of specific contexts. The specific enbodinments discussed
are ner el y fPIRETINE $¢¥gY BRIkt | ¢ ways to make and use the invention,

and do not limt the scope of the invention. [0014] An integrated circuit

structure {0L6] | OVFigRal acd crb@eslcRRIGeW St ARSEN:CARMNELEL N By Second
sem conductor material with | ower energy bandgap 1S dlsposéﬁ &t ween a

contact nesaicondtctomaes ¥ iRt Band RedMGidgd L andgap of the
sem conductor nmay reduce the Sghgﬁtky Bé&??gggﬁégéﬂaam1 illustrates the
cross-secthﬁpﬁl view of a dielectric | netal | second energy bandgap
sem conduc mat dr§UEFs 22 thippgh 2eaie prgss-dsetimiglapevmarfiinteneiiak efgd¥as gk al
structure.

manufacture of a MOS transistor embodiment; and

[0012] Figure 3 is a cross-sectional view of a MOS transistor with a composite dielectric

layer.



Figures 2a through 2g illustrate processing steps in formng a CMOS devi ce
that enploys the structure shown in Figure I. Throughout the draw ngs,

| i ke reference nunerals will be used to indicate the same or corresponding
features. [0015] In Figure 1, substrate 2 is preferably a sem conductor or
insulator. More preferably, substrate 2 is forned of silicon, either a
bulk silicon wafer or a layer of silicon formed on an insulating |ayer
such as a buried oxide |ayer (BOX), in the well-known silicon-on-insul ator
(SO) sStDETAILES.DESCRIPFEN OFIbUUFERAS] VIS GMRGRIMENIStay be forned of ot her
sem conductor or insulator materials such as silicon dioxide, oxynitride,

Ctrid Cahe k. diel. i cs. . p .
nitride 8[@?%:[ gma.{ﬁéer ]:.ﬂglflgcgnﬁ h&Re ofsﬁlgﬁ%g%glyé%eg%raefrgﬁﬁg?lﬁhts:Ll?e dlsctu&reﬂr?&t@@ey a

sem cond avi ng-a I's lower than

bandgap ener f the underlying siljcon |ayer 2. .1n_pref i ments,
the sec oﬁlﬁ’ﬁ)“gﬁhg’ﬁ‘élﬂ P& ﬁfénf‘agciﬁtef%b%‘gevfﬁ ﬂ?ag &p fetsgngiugie tilond}r%\ﬁn%esglﬁ\arngggg tmr3 glg e 2.
Preferably, | ayer 12 has bandgap. energy.of less-than 1.1.eV ichis
bel ow ¢ heSAApeBRaroche SECPaeRip § B gt ohPEs PPlpds e el

Sem conductor. 12 generally |lowers the Schottky barrier forned.at the netal
to sem covhaéimspts isﬁ‘ﬂséf‘rdf%@?reh(s‘uliﬁt@?ﬂ%géﬂecéftﬂfo\%ﬂs 1q aKg %\Rélrsgﬁ‘ﬁ HH§E S ener gy
generally |l owers contact resistance. [0016] In sone enbodi nents, a crystal
lattice randdapeHingethosone eltbeiverl®n2 and seni conductor | ayer 12 may cause
stress (either conpressive or tensile depending upon the mnaterials chosen

and the ”@Bﬂ%{d_ Of Q8BRS R0 str@entteVieth M BdntddiRsisih@r it ageriRRtWREedn b he
mat eri al s. his stress. nmay al so propagate throughout |ayer 12,

pot ent i al(#eé’on@?&ﬁi dﬂ&oﬂ‘ﬁé‘ti&rl@a@ WRE5 TR E barBEh & @lsh&Ri béthen ASontdct et

di scussed 1 n further detail below, this stress nmay be conpensated for

and a substrate. Reducing the energy bandgap of the semiconductor may reduce the Schottky
barrier. Figure 1 illustrates the cross-sectional view of a dielectric / metal / second energy
bandgap semiconductor material / first energy bandgap semiconductor material structure.
Figures 2a through 2g illustrate processing steps in forming a CMOS device that employs the
structure shown in Figure 1. Throughout the drawings, like reference numerals will be used to

indicate the same or corresponding features.

[0015] In Figure 1, substrate 2 is preferably a semiconductor or insulator. More preferably,
substrate 2 is formed of silicon, either a bulk silicon wafer or a layer of silicon formed on an
insulating layer such as a buried oxide layer (BOX), in the well-known silicon-on-insulator (SOI}
structure. In other embodiments, substrate 2 may be formed of other semiconductor or insulator
‘materials such as silicon dioxide, oxynitride, nitride or high-k dielectrics. Semiconductor
material 12 is preferably a semiconductor matel_'ial having a bandgap energy that is lower than
the bandgap energy of the underlying silicon layer 2. In preferred embodiments, the second
bandgap energy layer 12 is epitaxially grown on substrate 2. Preferably, layer 12 has a bandgap
energy of less than 1.1 eV, which is below the bandgap energy of 1.12 eV for silicon substrate 2.
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in subsequently applied |layers. [0017] Also illustrated in Figure 1 is
netal 14 deposited on sem conductor |ayer 12. Preferably, netal 14 is a
nmetal compound or alloy of transition netals. As described in nore detai
bel ow, netal 14 may be a silicide forned on the surface of sem conductor

| ayer 12. Since netal 14 is in direct contact with sem conductor |ayer 12,

at equili bgiymihe ' L5l ow or di.st ance across the interface
causing a bullHFg uptog? 2 %%{]g{ag Vo %83@10&#%%“% O of e Bietahosemichrdueiny
formng a ¢ Ler, The height of the barrier is approximtely

det er m ned%%g%%gsbcg%%%%w&’e’Qﬁee‘f’%’% 2p853A GRYBY Eenersily lpetersi coptagtaesistanes:
factors. Sem conductor layer 12 is selected to have a bandgap energy bel ow

that of thi086lbst rlasem@emsindithats, bheys@rianits fysmhadhieRfeel @ibsthe PEIMEEN  NEt al
14 and sem conductor 12 will be snmaller than the barrier height between a

directly woritadtétogayeetanad dannsrasibahdabg rasgi‘rbtcﬁlf&aféedepénggfg% el ectric
| ayer 16 is deposited on netal 14. The thicﬁness is preferablly beteen 50A

- 1000A, anderiuls ehaperedraidahyth S0 epd@lon SOQRvcI PN A Mo BLELEFAL L Gicliayer 16
may serve three primary purposes. First, dielectric |ayer 16 conpens%'es

| ayer 12 and motal 14 anc Botwoon cen honder oy APy B B AR e 2

| ayer 12 and netal 14 and between sem conduct or
By relievidng réthilsf.r £6&i1PRUSL0ssbY inl Bl 08aTh ISP £ SaPuper of defects
in -6 the metal 14, semiconductor |ayer 1%’5%§@3ﬁ E?%g & e%ﬁﬂmﬁﬁmg uced,

thus i npr aMisitgeglRMilESplik@llaPi | ity and perfornmance. As will be described in
greater detail below, "dielectric |layer 16 can be deposited to have

significa ress properties, perhaps higher than 400 MPa in order to
r}bﬁls}] Also illustrated in f’lgure 1 is metal 14 deposited on semiconductor layer 12.

Preferably, metal 14 is a metal compound or alloy of transition metals. As described in more
detail below, metal 14 may be a silicide formed on the surface of semiconductor layer 12. Since
metal 14 is in direct contact with semiconductor layer 12, at equilibrium the carriers flow a short
distance across the interface causing a build up of charges on both sides of the interface, thereby
forming a Schottky barrigr. The height of the barrier is approximately determined by the
bandgap of the semiconductor, in addition to other factors. Semiconductor layer 12 is selected to
have a bandgap energy below that of the substrate 2 so that the Schottky barrier height between
metal 14 and semiconductor 12 will be smaller than the barrier height between a directly

contacting metal 14 and substrate 2 interface.

[0018] Dielectric layer 16 is deposited on metal 14. The thickness is preferably between
50A - 10004, and more preferably about 200-6004. Generally, dielectric layer 16 may serve
three primary purposes. First, dielectric layer 16 compensates for the stress arisihg from the
lattice mismatch between semiconductor layer 12 and metal 14 and between semiconductor layer

12 and substrate 2. By relieving the stress caused by lattice mismatch, the number of defects in
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conpensate for significant stress in the underlying |layers. [00191 Second,
dielectric layer 16 preferably acts as an etch stop | ayer and provides a
margin of error for over-etching of subsequently formed |ayers, such as a
subsequently fornmed inter-level dielectric (ILD) layer. Cenerally, as
devi ce geonetries shrink, the thickness of silicide |layer 14 al so shrinks.
For instance, an exenplary MOS device having a gate geonetry of 0.13

el L ALt

i ncreas eé"%taﬁl@t)%/ﬁ“g Rertfcﬁg‘ﬁmtﬁh ré]\s &qi:l ?3% fl%fgm?eg%?r 65\% ?et%@e@p e Elg%?{ar{/% \F/]\}]éa%ant he
o oft WSty BB GR R A RE SR halS DL AL L,
Di eIectrﬁ@%P%ﬁ%?ﬁﬂégﬁP6V¢ﬁE§s@6&5%ﬁg%ﬂag%g%ﬁaﬁsn;Pb?naso?eZ$£LPegthLS:EQ
as an etch stop for the overlying ILD. Wth dielectric |layer 16 positioned

bet ween IrhdPol8 (debadr GicRbnic ARek efSiably Gttd@s hpate stopbpdhiangproidebe per f or med
in tw steps. First, etching ILD |layer 18 and stopping at dielectric |ayer

16. Sinc %a{r%Poi} & for %361‘16%11 G sﬁﬂ%cﬁllél?gw oAl lagbir€ kiehitak b GulsayRfitidformed s

difficult etch through 1CD | ayer and stop precisely at dielectric

| ayer 16 'int%—/@\ge?ﬁi%f%lgﬁ? gI'I_f_')?| %erglj A REhI, Gs HAYRMgedBeiBOmbitk BRY thR@nés BF 9 concern

as long as layer conpl etely etched through. Second, etching

dielectrig. | .St opni: il dCl ; sl i 16
(200° 600/ | B Eh TR PR R, Rkt MOY Bhvicfhvingol B Rdeb b O o1

FEE TR R T R R LT

stlicide nlm?%? 1I;m,1 a%'d smaller geometry devices, the silicide Jayer generally will be concomitantly
thinner, which significantly increases the risk that the silicide layer will be etched away when the
contact window is opened in a subsequently formed ILD. While etch end-point detection
technology provides for a high degree of accuracy, there is very little margin of error with
silicide regions as thin as described herein. Dielectric layer 16 provides for an additional margin
of error by acting as an etch stop for the overlying ILD. With dielectric layer 16 positioned
between 11D 18 (Figure 2f) and the silicide layer, etching may be performed in two steps. First,
etching ILD layer 18 and stopping at dielectric layer 16. Since ILD layer 18 is much thicker than
dielectric layer 16, it is difficult to etch through ILD layer 18 and stop precisely at dielectric
layer 16. Overetching into dielectric layer 16 should not be a big concern as long as layer 16 is
not completely etched through. Second, etching dielectric layer 16 and stopping at silicide layer
14, Dielectric layer 16 (200-6004) is significantly thinner than ILD layer 18, so it is much easier

to etch through it and stop at a thin layer of silicide than to etch through a thick layer of ILD 18

(typically > 3000A) and stop at the thin silicide layer 14.
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-7 [0020] Third, dielectric layer 16 hel ps stabilize the underlying
silicide by inhibiting contam nation during downstream process steps. Such
contam nation nay conme fromthe oxidation of the silicide |layer during the
deposition of ILD layer 18. Further details are provided in "Advanced
Thermal ly Stable Silicide SID El ectrodes for H gh-Speed Logic Crcuits with

Lar ge- Scal eddeg,. I - i tor DﬁA{YB " b .Sajto, et al., |IEDM
99- 805, V\II’]IGF%(E@IPS %F%E%%?tﬁlco pg%&l eépc? 3 8 @?H’eﬁ%‘d%f“@rsgﬁ@é.byﬁf@@@@ Fi gures

2a through i P ; nbodi ment of, the present invention wherein
the st ructc%?gh%n%1 i&s{%? g%orl?sﬁrg?fpﬁﬁorcﬁss Fte?%EP?ﬂ@ﬁ{ga?‘@HOQ HEbcansdiosr heess of

Leachi nge METal R Baut S SRE s it Fhon Sond T erev drien it g DS
capac Cor s o andtars SkBl i o I8 R TGbe o bt reesipre Guarantibr
out i me. exBRELRSHE BB I TREPR o, DR AN AP END SaToneitt IEPRE SR, bbih ise |
metal / seﬁg%c$and&?§d ngilra%%/ﬁsem conductor / first bandgap energy

substrate StF e efelsitece and drain regions to | ower contact
resi stance. The structure nay also be used in the gate el ectrode region as

wel | . [002BP2Hi gurkégides Jalthrostt Bt €8st RteSHb i | lLow Trench
| sol ation (STI) regions 4. érh%ISTSI 1;eegi gﬁg&}%@g&ﬁﬁ&g?ea%ﬁ?kv?%ﬁow eIRY the

etchi ng shatukniv 10ERERES FighreSUBHIERI& ifto tﬁﬂg%&é%&ﬂ%ﬁé‘%g@%@&&&%ldﬁeg ht an

i nspl at or s_uch as si | | con oxi dg. 1S we ( .
active regildsnihd aniig %cbérﬁiﬁh&tt%éacﬂﬂgs f&n lc!)Llﬁg aﬁlgl)! tlo ab‘,\%dg %%gee of de Substrate

2 can be either a bulk viees,
including NMOS and PMOS transistors, CMOS devices, doped polysilicon resistors, integrated
capacitors and inductors, and contact regions to bulk silicon, Other applications of the teachings
contained herein will become apparent with routine experimentation. In the illustrated
embodiment, the dielectric / metal / second bandgap energy semiconductor / first bandgap energy

substrate structure is used in source and drain regions to lower contact resistance. The structure

may also be used in the gate electrode region as well,

[6022] Figure 2a illustrates a substrate 2 with Shallow Trench Isolation (STI) regions 4.
The STI regions are preferably formed by etching shallow trenches in substrate 2, and filling the
trenches with an insulator such as silicon oxide. As is well known, STI regions isolate the active
regions in which transistors and the like will be formed. Substrate 2 can be either a bulk
semiconductor wafer or an SOI configuration. In other embodiments, substrate 2 may be

strained-Si on relaxed SiGe; it may also comprise Si, Ge, C, a compound semiconductor or

combinations thereof,



sem conductor wafer or an SO configuration. In other enbodi nents,
substrate 2 may be strained-Si on relaxed SiGe; it may al so conprise Si,
Ge, C, a conpound seni conductor or conbinations thereof. -8 [0023] Gate
dielectric 6 and gate electrode 8 are also illustrated in Figure 2a. As is
known in the art, a gate dielectric layer is first formed on substrate 2,
foll owed by a gate el ectrode | ayer. These Iayers are then patterned and

etched to e el ectrode 8 t. er, te

di el ect rlI@EFiyer 6"6%5@“’03’8:%’?“% §%te§882° © ea! O a?e% u lF%léiJe Angs Lrﬁ%
materials. Cate ctrode e ab be
f or med ofmﬁ}t‘é’taéﬂa%ﬂte CleSHH YR & EQSE{?E’P?A%F %‘%Stgﬁ? %/Z%lloweggy %%a ?t %]de thyd?2Y
sem conductor. This compound structur th at.e di .

For e 1 B ierss theb RETH 8B4 Gty 1 it e etRes T EGp e Y B°
illustrates a pair of spacers 10 forrred an t he |g wal | s, of . the gate

di el ect r i Gatedigieirigye fepacrreEHE BO2SpaREIdE, 111 @é?@é’g § natgriglsy | G8hi ng masks
for subsequent source/drain formation ste as descri bed bel ow. The
spacers ndsctibée 8‘1@Pmatby})@héﬁllltmksr?éﬁhﬁughﬂb@hbg‘é&%w faeta Pop kERPYBRosi ti ng a
dielectric |ayer over the entire region includi substrate 2 and gate

el ect r odest@pmtetvé diekntiris el semidopdustashi Tds qospe ractursel i the gaie Fhlet?cqntcom t he
hori zontal surfaces and | eaving spacers 10. Doping of the regions of
subst r at em2y @rfomicti Hem he deictofe ¢sdlesed di Bleetlric 6 or spacers 10 may be
perforrred to form part or all of the transistor source and drain regions.

[ 00251 As ?ﬂﬁ’ wn an gure Fl gouiﬁlustr%t%’s a Pai? %ﬂp%gé?g W fothedROES thidehalls WHIRE hrat'gay be

used as

dielectric 6 and gate electrode 8. Spacers 10 serve as self-aligning masks for subsequent
source/drain formation steps, as described below. The spacers may be formed by well-known
methods such as blanket depositing a dielectric layer over the entire region including substrate 2
and gate electrode 8, then anisotropically etching to remove the dielectric from the horizontal
surfaces and leaving spacers 10. Doping of the regions of substrate 2 on either side of gate
dielectric 6 or spacers 10 may be performed to form part or all of the transistor source and drain

regions.

0025} As shown in Figure 2c, a semiconductor material 12, which may be used as part or
all of the transistor source and drain regions, is epitaxially deposited to a thickness of 400A —
600A. A preferred method of forming semiconductor material 12 is selective epitaxy. An Si0O2
layer is formed to cover the substrate. Openings are then formed through the SiO, to expose the
source/drain regions. Semiconductor material 12 is then epitaxially grown. Semiconductor
material 12 is preferably formed using Molecular Beam Epitaxy (MBE), although other
deposition techniques, including Chemical Vapor Deposition (CVD), Ulira High Vacuum

Chemical Vapor Deposition (UHVCVD), Atomic Layer Chemical Vapor Deposition (ALCVD)

9.



all of the transistor source and drain regions, is epitaxially deposited to
a thickness of 400A - 600A. A preferred nethod of form ng sem conductor
material 12 is selective epitaxy. An SiQ2 layer is fornmed to cover the
substrate. Openings are then formed through the § 02 to expose the
source/drain regions. Sem conductor material 12 is then epitaxially grown.

oo el SRR TR ARG A 5ER, co
R e R e
2 romperatt & the eanas ﬁl@%@rﬁ%?%@pQﬁ%%sth%%ég%é’ré?t&?sé&@lﬁ Sﬁb@d
oo e s 0 S S 7S o e e
ol y-cryst BT ana g ath ‘gﬁ%afsde%ai',n%é%’wﬁé%ﬁéryéﬁzal)_émé’ém??ctsﬁyfer 12,
Seniconduc&gkﬂ%gg%?iak@%éfforns art of the source and drain regions for

the resul ting Py thp sour ﬁ@ﬁ%P??%kmﬁﬁﬂémﬁ@@ﬁmaﬂﬂ@suma$mmhe sour ce
and drain reqi s.thng% from sem conductor material 12 pe hi ghl y QOped
(e.qg. >2x§6%i@$ﬁ I ys depi %{*ﬂtﬂaﬁpﬁ%@e 81d drainiregionsdormsd fomtsemicahdut@r mawrifle
acconblish Ltqer dyring they,epitaxial growth process or subsequently in
an ion i rrpiezgt?ﬁe}%}??ﬂﬂo&aaé%gw THIQ PRk erred enbodi ment, doping of

sem conductor material 12 occurs concurrently with the epitaxial growth

step. Thi s/00z5]acc ayaplrigwheshnibohdlietb! MG 19 cAPR RRG A EUFRE Y S1g SUENLES)
boron, phosphorous, arsenic, and the
growth process or subsequently in an ion implantation step. In a preferred embodiment, doping
of semiconductor material 12 occurs concurrently with the epitaxial growth step. This is
accomplished by introducing appropriate dopants, such as boron, phosphorous, arsenic, and the

like into the chamber along with other process gases, such as silicon, germanium, hydrogen,

chiorine, nitrogen, helium, and the [ike, during the epitaxial growth step.

[0027] Semiconductor layer 12 has an energy bandgap lower than the underlying substrate 2,
which is typically lower than 1.1 eV when the substrate is silicon. In a preferred embodiment,
semiconductor layer 12 comprises a Si and Ge compound. Carbon can optionally be added to
compensate for the lattice spacing difference between semiconductor layer 12 and substrate 2. In
a preferred embodiment, the germanium content is more than 10%, and more preferably in the

range of 10% to 50%. The carbon content is typically less than 4%, and preferably in the range

of 0.1% to 2%.

[0028] In other embodiments, instead of being formed on the surface of substrate 2,

semiconductor material 12 is recessed (partly or in whole) in substrate 2. A pair of recesses (not
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like into the chanber along with other process gases, such as silicon,
germani um hydrogen, chlorine, nitrogen, helium and the |ike, during the
epitaxial growmh step. [0027] Sem conductor |ayer 12 has an energy bandgap
| ower than the underlying substrate 2, which is typically lower than 1.1
eV when the substrate is silicon. In a preferred enbodi ment, sem conductor
| ayer 12 conprises a Si and Ge conpound. Carbon can optionally be added to

conpens atsﬁo&rr%ri I’oli]xged (?Hn &fhgt%b o{rfég)?‘gétg glegtjrcfdfe%rb?ré%inlg%ﬁ%ﬁ@ﬂa oS eBtCcandubiare 4 ayer

12 and substrate rred enbodinment, the germani umcontent is

o et KAt FRESURLRERT BNl 16 rofB0G Bein i L p¥cicEliGacRy b1

0,

cont ent fgatyplca ess 9 and preferably rn the range of 0.1%to
2% [0028] In ot her enbodi nen | IR ef NiHehgesur f ace of
subst r at egpﬁ‘fers ](s)&e?ﬁ geos?%ﬁ&g%ooars Orr% 2 flogﬁlte%géj?@%rrnglgeossgé%%gg? y o:kg in whole) in
Substrate 2. pai r, of recesses (not,.- [ ki Si de of
gat e eIed??ﬂ&@SSEHVh%FEhVﬁES%ﬂﬁg nggn%8t%@@%@%ﬁ5@ﬂ%ﬁ@§§$g§§h§ékﬁ§§ebe
under cut beneath cers 10, resulti in the necesses, hej aligned with
gate el ec??‘t?gépaét. (?IP%E)E‘E‘E?‘% aliggmepise 2?‘81821&5 ‘sage eé%(:%to ge gl ‘1“3%{ (ﬁgefl preci se
alignment of the recesses with the gate .electrodes. In her, enbodi.nments,
spacers 10theginehis: Hway B"n%ﬁ‘r%e forhaye ’%ﬁeésqsé%%?g (‘-?Elt%inetg? %%Cag‘lg%md%rbeé@ ggatgpar t
(in the vertical alignment sense) fron1tpe %%te elecﬁggggﬁg. In %ﬁt ot her
enbodi merfiestrode 8, sep thas theshannglie@on Fspupe e tesURCIH Y PHFST Ffe
vertical boundaries of gate electrode 8, such Ihgt the channel . region
resul t i nodrhin cvgianRés sberes dgn diftgale ofestadavidBu Qe skilad Brths #t PEbeeIzedM& hor t er
than the gate electrode width. One skilled in the art wi|l recognize that

the optimum alignment of the recesses can be derived through routine experimentation. Ina

preferred embodiment, wherein substrate 2 is a semiconductor wafer or a semiconductor layer on

an underlying BOX insulator, recesses may be formed by anisotropically etching the substrate

using, e.g., ion etching.

[0029] In other embodiments, semiconductor material 12 may have a layered structure and
the top layer may cover all of the bottom layer or only part of the bottom layer. In this
embodiment, the bandgap of the top layer, which is in direct contact with metal, is lower than the

bandgap of substrate 2.

[0036] As illustrated in Figure 2d, metal layer 14 is formed over source and drain regions
and preferably over gate electrode 8 as well. The thickness of metal 14 is preferably less than
about 300A. Metal 14 may be a transition metal or metal compound such as titanium, cobalt,
tungsten, tantalum, or the like or other appropriate conductive material deposited via Chemical
Vapor Deposition (CVD), Physical Vapor Deposition (PVD) or other alternatives. As diécussed,
a Schottky barrier formed between metal 14 and semiconductor material 12 has a lower barrier

height than a barrier height that would be formed between direct contact of metal 14 and
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the optinmum alignnent of the recesses can be derived through routine
experinentation. In a preferred enbodi nent, wherein substrate 2 is a

sem conductor wafer or a sem conductor |layer on an underlying BOX

i nsul ator, recesses nmay be fornmed by anisotropically etching the substrate
using, e.g., ion etching. [0029] In other enbodi nents, sem conductor

materi al 1Zyp@ytelavey@ 1hayek tructure and the top |ayer may cover all
of the bottom | ayer or onl y e%g?fo %Ff%’r Aieee bﬁ%’?%?ﬁnf*tﬁv&e? o psilidideslayee insbeli ment
t he bandgapp&ifidas. tiPRoh r ich.is,in direct contact with netal, is

| ower than the bandgap lg%géﬁcﬁé\l@%egpgﬂfepiwoweieT"PQFBmPIﬁ;tlé:cf:rilﬁccﬁilcglwe 2d,
met al | ayekijtd aipSetd) our and drain regions and preferably over
gate el ectrode °8 asq)g\%/egﬁq.a%)lllﬁ{edet %ﬁ“&?ﬁﬁ@%ﬁ IBFtaﬂéYeéFhaghﬁs igerpatesf wittatbe yndedgiag t han
about 500Age Mot a transition metal or metal conpound such as
titanium (S:%bla{)t ,UCL%{ i‘]"glg}s{ gﬁ? CqratiRaLion fReret (e e gtk dayer ovst teilicidplppapr i at e

conductive material deposited via Chem cal Vapor Deposition (CVD),
Physi cal VEW8E Deposgiptafored cRMBYiment, alche14 E'atn@éiJl@ﬂiEMESThe'Axﬁetﬁisﬁlt%fég?ned’ a

Schottky barrier fornmed between netal 14 and sem conductor nateri & 12 has

a | ower bagqutan N du€l, gink mashantai Sedwdchar, A?ﬁizg%Gé,fﬂ:?etfermyﬁ% e f,@%érrr%?aébet ween

direct contact of netal 14 and -11 substrate 2."" Layer 1S°r dto

i nt er changebidlymagtake tiefahn dramedit @ metashldid dqn t speci ficati on.
It should be recognized that, dependi %gluéonaqf@ﬁlggéﬁ@%ﬁp%eﬁ%n qngfféli‘mm coul d

‘mteracted with the andertyi e sankaruer o e S fe b leton

t her eof ( engal, si&h ﬁefiﬁhiu}n,ab(&ralt,%\{&rel, ?unﬁgtéﬂ., o ﬁllg lik&%%r)the device, including the
exposed surfaces of semiconductor layer 12 and gate electrode 8. The device is then annealed at
a temperature higher than 300°C, and preferably between 400-800°C, and at a pressute lower
than about 10 Torr, and more preferably lower than about | Torr to form a silicide between the
deposited metal and the underlying exposed sificon regions (specifically source/drain regions and
polysilicon gate conductor 8). The resulting metal silicide regions are illustrated as metal layer
14 in Figure 2d. Preferably, the resulting silicide layer 14 is in the range of 3004 to 5004 thick,
although the desired thickness is a matter of design choice. In yet another embodiment, silicide
layer 14 could be formed by the deposition of a silicide, such as cobalt silicide or nickel silicide,
directly onto the surface of source and drain regions and gate electrode § using known deposition

techniques, such as CVD.

[0032] As illustrated in Figure 2e, a dielectric layer 16 is next blanket deposited over the
device. Dielectric layer 16 is preferably formed to a thickness of about 504 - 1000A. Dielectric
layer 16 may be formed using Low Pressure Chemical Vapor Deposition (LPCVD), but other

CVD methods, such as Plasma Enhanced Chemical Vapor Deposition (PECVD), and thermal
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[0031] In a preferred enbodinment, netal 14 is a nmetal silicide. The netal
silicide may contain N or C, and may contain between 1% and 25% GCe,
preferably 1-5% Ge. The nmetal silicide nay take the form of
transition-netal silicide and nay contain nore than one transition netal.
In a preferred enbodi ment, netal layer 14 is forned by first depositing a
thin layer of netal, such as titanium cobalt, nickel, tungsten or the

ik the d l.ud i

|y 25 G ;%ae@véﬁﬁwl A5eg G ERTR S ywl%ﬁ BeRR PR RE Bay T

t enper at h th 300C, d f bl 0\

b Boeur ¢ ToGURR ATt A oEon By P00 e TR Rs o 01 Sl o/ e ORe e %gdceitoﬁt |

Torr to forma silicide between the _deposi tal and the,underl
exposed ghisimaish betwgsrgwBicorgyetor fateaR] agéw@ifad?fﬁﬁ“? BEWS%G%@HQ‘&S‘P ysi | i con
gate conductor 8). The resulting netal silicide regions are illustrated as
met al | aymaterial 42 pud yrdepltieg spbistramy o f Ehedastise, mismatch may FaushBerornance deSRApEr 14
is in the range of 300A to 500A thick, although the desired thickness is a
matt er ofdettesiatthe thofaces, whioh gefectamey hr@pa%mb@ilg@ﬁfttbe afifgctedilepsrs: | ayer 14
could be forned by the deposition of a silicide, such as cobalt silicide or

ni ckel si b de, 1, flL 5}?09& h%fe?x@% QbllimSHE, fn@%ﬁlcﬁgoﬁ‘&%g @raﬂﬂ@gﬁﬁ@bf&@@g' g{ls and

gate el ectrode 8 using eposition tech ni ques, such-as CVD. [0032] As

i11ustr athd | noélgals ttJS.BEF”% t’trate an%laesﬂ?c%ef%ﬁ ls%ﬁ%ﬂr Joﬁt e%JpB%%EerJ %@lﬁﬁtsogﬁggﬁd ted

over the ric | era to a thickness

f about 1000t h... Di el
Pr cosur e CHBAEED: Uh 0P BEpRG Ebletﬁﬁﬁﬂ ﬁ%%vsfm i, 09&5‘2%59%&%’ e glich as

o e Enanced e ool A0 PERNTL bR 20 B MR

deposition method of dielectric layer 16 may be chosen, at least in part, to compensate for this
stress. In a preferred embodiment, dielectric layer 16 is formed of a composite oxide/oxynitride
structure, in which a first oxide sub-layer of approximately 1004 is first formed, followed by an
oxynitride layer of approximately 300A. The oxide and oxynitride layer is preferably formed by
PECVD at a temperature lower than 550°C. Figure 3 illustrates a device employing an
oxide/oxynitride composite dielectric layer 16, where material 24 is oxynitride and material 22 is

oxide.

[0034] The above described dielectric layer will preferably provide for stress of
approximately 400MPa-4GPa, preferably in the range of 400MPa-2GPa. One of ordinary skill
in the art will recognize that a wide range of compressive and tensile stresses can be
compensated for by adjusting the materials used for dielectric layer 16 and the method of
deposition. For instance, silicon nitride deposited by Low Pressure Chemical Vapor Deposition
(LPCVD) may be used to provide for tensile film stress. Likewise, silicon nitride deposited by

PECVD may be used to provide for compressive film stress.
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CVD may al so be used. As discussed above, dielectric layer 16 is preferably
chosen not only for its dielectric properties, but also for its ability to
conpensate for stress arising fromthe lattice msnatch between

sem conductor material 12 and netal |ayer 14 and between sem conduct or
material 12 and underlying substrate 2. The lattice m smatch may cause

per f or mancgygepr ad; at,the interfaces, which defects may
pr opagat e ﬁlr oggho}a?gltuﬁ%?egﬁ l?ie:%flreeoz b advgtrers-fev?l egfrio (H-Levenlslso sommtisfesr r ed

enbodi ment g, |G rce .a ain regions of SiGeC are forned on a
silicon subsc{‘*rld;%sgBé‘% eg‘?glieﬁ%‘fet{:‘? @giﬁ}‘éﬁ“ 1Pf§9' PEiehdiglediic (M) laypr is rexr depasitecf

the sourceyan I egi. on the lLattice msmatch between the | ayers may
cause an over gfel sqgf?(!r%géhe%ée?e&?rfc ey d %éhIBFLD o piptias priefeeblyailicohéiosidk i ci de

| ayer, typj Ly 10 the n of 400NMpa-4CGPa. The material and deposition
net hod of ébgFllé%turs e ﬁ'%y%%a%%' Lpgopiicain{TEOR). GHD.IPESD, LRCHAY br, otlien well-
conpensat e his. stress. .a preferred enbodi nent, dielectric layer 16
is formed ‘8409@ “%8?%%0& t‘*?‘:é’m&}&‘?sdﬁ“&ﬁ&ﬁi leyer §& progidesiosulation betwewdthe hardistor kit

oxi de sub- ]| ayer of roxi mately 100A is first forned, followed by an
oxynitri deo‘(%}a/{y‘é‘ﬁ “b“fﬁ EE g&ﬁhﬁﬁww maiygAl, (nqttshow)inday berotmed yid fatbed bRy e | S
pref erably bormea by PECYD at a tenperature |ower than 550C. Figure 3

i | | ust r at eSPRRHE P Seorderdp &yinsgntast opevingsdh theyniite erdelrdorpRas i tH @hectric

| ayer 16, where material 24 is oxynitride and material 22 is oxide. [0034]
The above U¥EERE baguraPelbsiratssghe davine aiied the prpeteaipahloys PITORIEe Rl 125t €SS Of

approxi matel y 4001\ 6Pa-4CGPa, preferably in the range of 400MPa-2GPa. One of
ordi nary d1@r$ beenjetshedyevayy thuswriehing ecmgmiopeindaad tha [V BRIcEAD 850N SOMRr essi ve
and tensile stresses can be conpensated for by adjusting the materials
used for didecdiiq oy 16 apesntes)® aamtbhtshop lapet dthgalie etching of ILD dielectric layer 18 and

thus protects the underlying silicide layer 14, Next, the exposed portions of dielectric layer 16 in

the contact openings are ctehed, preferably using Reactive lon Etching (RIE). Because dielectric

layer 16 is quite thin relative to [LD dielectric layer [8, process control and end-point detection

are more closely controlled, thus limiting the likelihood of over-etching through the underlying

silicide layer 14.

[0036] Figure 2g illustrates the device after metal plugs 20 have been formed in the contact
openings. Metal plugs 20 may be formed of tungsten, aluminum, copper, or other well known
alternatives. Metal plugs 20 may also be composite structures, including, e.g., barrier and
adhesion layers, such as titanium / titanium nitride or tantalum nitride, and other layers as well.
By providing a novel structure in which metal plugs 20 contact a silicide layer 14, which
contacts the underlying low bandgap energy material 12, coupled with stress-compensating
dielectric layer 16, the contact resistance and stress-induced defects may be reduced, thus

improving device performance.
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deposition. For instance, silicon nitride deposited by Low Pressure

Chem cal Vapor Deposition (LPCVD) may be used to provide for tensile film
stress. Likewi se, silicon nitride deposited by PECVD nay be used to

provi de for conpressive filmstress. -13 [0035] As illustrated in Figure
2f, an inter-level dielectric (ILD) |ayer, also sonetinmes known as a
pre-netal dielectric (PMD) or an inter-netal dielectric (INMD) |ayer, is

next deposjt.ed r e surface of t i.electni JhLksi ;LD | ayer
1o SeoBb , ALEheh e ek et PGB e b St T 0 o
orthosilicate

TEQS) , D, PECYD, LP or ot her | - sition
t echni quég?"ldl'hé wdegsigoq b‘fa“?’ég%léﬁﬁs’ @{‘%hﬁ@ﬂ? a4 a%ﬁ%@%\%%ﬁ%ﬁ% ’%‘r?‘gﬁsi st or
and overlying netal |ines., A photores; st terial ot., shown e
f or med aﬁﬂﬁﬁa’g‘%e@‘i‘rﬂ’é&iﬁ'%@@}e SP%%a£$¥@qoj ‘“‘iegl%i) aso‘%&@% Ygbe %Dﬁjﬁ%l%eéigc?%arg ‘

openings to the source and drain regions and e gate. dielectric. Figure
2g i | | ustMereeer.thfescoraqiéis PéﬁSfﬂé@Pﬁlr?éf?%%ﬁa%*éam‘b%ptt? g‘?am]ém‘éﬁd tp ﬁ}ﬁ P&Féﬁ“gaét ric

| ayer 18 have been etched away, thus opening contact openings 'hn thg | LD
di el ect r jembodiysnts oRibe eracesatmacking) BENFACHITS, SYAPOSTION G Batigreleans. Methads@ndsy op
| ayer during the etching of ILD dielectric layer 18 and thus prqotects the
under | yi reeps idskritiedén thayeseifitationNesstone phesdiagyskieldn gt vgHseagy gnsrdderi c

| ayer 16 in the contact openings are etched, preferably using Reactive |lon
Et chi ng (fRinB)e dBeloguisef thi ket invantion, yasesse maghines manufaiye,camapsijenstad | LD
dielectric layer 18, process control and end-point detection are nore

cl osel y aanter, ohched methhdss or staps triresgnttyrecisting el letesotedesikvadapst - thatehifoggn t hr ough
the underlying silicide layer 14. [0036] Figure 2g illustrates the device
af t er metsabstphidigsth2 Sanftafuectibe enacheyemdstantially ¢hecsarme agstilt as the corresponding

embodiments described herein may be utilized according to the present invention. Accordingly,
the appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.
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openi ngs. Metal plugs 20 may be fornmed of tungsten, alum num copper, or
other well known alternatives. Metal plugs 20 may al so be conposite
structures, including, e.g., barrier and adhesion |ayers, such as titanium
/[ titaniumnitride or tantalumnitride, and other |ayers as well. By

provi ding a novel structure in which nmetal plugs 20 contact a silicide

| ayer 14, which contacts the underlying | ow bandgap energy material 12,
coupl ed wi 14t 1265ABdRBesating dielectric |ayer 16, the contact

resi stance and stress-induced defects nay be reduced, thus inproving

devi ce per{.or mang Buieoratdl Q@A ddy; h the present invention and its
advant ages have beeer%rdescrlgged/ldl%lr?tb%g#%? ", it should be understood that

vari ous changes, g s4hat dof i al.ter.atioons can be nmade herein w thout
departi ng from the spir%t éﬁ3?§§§§€‘%F“Tﬁ%”?%@éﬁ%P%ﬁgﬁ%muﬁwﬁﬁ@&may t he
appended cl ai s, g VB cope of the present application is not

i ntended to be I%%ité %%gﬁﬁ%ﬂ%gﬁFggular enbodi nents of the process,

machi ne, manuf r osition.of pmatter, nmeans, methods and steps
described in t%’ Eﬁ%%F?%%%ﬁﬁ'&d%ﬁgkﬂﬂfwﬁ ordinary skill in the art will
readily appreci fromthe disclosure of the present invention,

processes, nacﬁ?%g%?mﬁ@ﬁﬁFﬁgFﬁP%ﬁwéwﬁﬁﬁ§PﬂPﬁh@mﬁﬂfmﬁﬁmtQWEGMBahsgmnsthods,
or steps, ﬁ%§en%lé e istin% or later to be devel oped, that perform
substanti ally thesSRmIgRETrYA oy Posiian fasreedpi b secard kind bisemivendiete witksul t  as
t he corre%g%ﬁgiqﬂ ﬁgBOdi nts described herein may be utilized according
to the pr&SEht TATEIAFEW: WATEDeR sl energnband parein er hhmihesirmbergynt ended t o
i ncl ude mﬁtﬁin their scope such processes, nachines, nanufacture,

conposi t i GRS matter, neans, nethods, or steps.
a metal on the top portion of at least one of the source and drain regions;

a first dielectric layer on the metal;
a second dielectric layer on the first dielectric layer; and

a conductive plug contacting the metal and disposed in said first and second dielectric

layers.

2. The device of claim 1 wherein said first dielectric fayer has inherent compressive stress,
3. The device of claim 1 wherein said first dielectric layer has inherent tensile stress.

4 The device of claim 1 wherein said first dielectric layer comprises a material selected

from the group consisting of silicon nitride, silicon oXynitride, silicon oxide, and combinations

thereof,
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WHAT IS CLAIMED IS: 1. An integrated circuit device conprising: a substrate
formed of a first kind of sem conductor having a first energy bandgap; a
gate dielectric on said substrate; a gate el ectrode on said gate
dielectric; source and drain regions on the substrate on two sides of the
gate dielectric, the source and drain regions having at |least a top
portion fornmed of a second kind of sem conductor with a second energy

bandgap, sher ghadéhe oFeepndwhaeingyidRamdgnpoiprideonaiatetinlanicttae fibinrtee  ener gy
bandgap; a netal on the top portion of at |east one of the source and drain

regions; oréufdo§ltindlof L GE IchMpbidieem@andudtr, BBIAained SPaORMxed SIGRCET,C | ayer
on the first dielectric Iayer and a conductive plug contacting the netal

and dlquﬁﬁgumgIggmgz%aﬁéﬁkq&gmﬁggyﬂg dielectric layers. 2. The device of
claim1 whérein said first dielectric |ayer has inherent conpressive

stress. 3. The device of claim1l wherein said first dielectric |ayer has

i nherent tensile stre The, device of ¢ al 1 wherein said fir
diel ectri® | ayéf ?ﬁﬁﬁ&F@@éighWﬁWéF@§W°@E?%E#§ﬂ @Fﬁﬁppﬁﬁﬂbpﬁﬁﬁsgﬂﬁ%ssting

of silicon nitride, silicon oxynitride, silicon oxide, and conbi nations
t her eof . thrpgghout said source and drain régions.

7. The device of claim 1 wherein said top portion of said source and drain regions has a

thickness of more than about 50A.

8. The device of claim 1 wherein said top portion of said source and drain regions
comprises at least two materials selected from the group consisting of Si, Ge, C and

combinations thereof.

9. The device of claim 1 wherein said top portion of said source and drain regions contains

at least about 10 atomic percent Ge.

10.  The device of claim 1 wherein said top portion of said source and drain regions contains

up to about 4 atomic percent C.

11.  The device of claim 1 wherein said source and drain regions have an impurity with
doping concentration higher than 2x10%%m™ and said impurity is selected from the group

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

12.  The device of claim 1 wherein said metal is a metal compound.
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5. The device of claim1l wherein said substrate conprises a materi al
selected fromthe group consisting of Si, Ge, conmpound sem conductor, SO,
strained-Si on relaxed SiGe, Si 02, oxynitride, nitride, and high-k
materials (k>8). 6. The device of claim| wherein said top portion of said
source and drain_regions extends throughout said source and drain regions.
7. The devilée ofrhéFiﬁ‘llfFﬁOfCleriéWhersiaisaﬁdtrmmlp&ﬁpdtﬁaisquégisgic@gurce and drain
regi ons has a thickness of nore than about 50A. 8. The device of claim1
wherein said top portion of said source and drain regions conprises at

| east two rat er Tt 8eveRlotelh L ; .consi st of Si, Ge, C and
conbi nati ons thereof. 9. Tﬁgl%gggﬁ%ggggﬁﬁggﬁgﬁeaﬁéfga%m§éﬁﬂmﬁﬁﬁ‘%@ﬁﬁion of
sai d sourceo@hd drain regions contains at |east about 10 atom c percent GCe.
10. The device of claim| wherein said top portion of said source and drain
regions contains up to about 4 atomc percent C. 11. The device of claiml
wherein saﬁg sarrg% and ﬂnain regions have an inpurity with doping
concentration hi JrEYIcE REHaBY Podsssin sidmetabulicidd copprisss yit et @) ke from t he
group conshs%iQ%)of B, P, As, In, Sb and conbinations thereof. 12. The
devi ce of EHETThIHMIE SR censistingrat ) C hrsl cambbtatibnsciopeund. - 17 | 13. The

device of claim 12 wherein said netal conpound is a netal silicide.

16. The device of claim 13 wherein said metal silicide contains between about 1 and about 25

atomic percent Ge.

17. The device of claim 13 wherein said metal silicide is a teansition-metal silicide.

18. The device of claim 12 wherein said metal compound comprises two or more transition
metals.

19, The device of claim | wherein said first dielectric layer comprises at least two materials

selected from the group consisting of Si, O, N and combinations thereof.

20. The device of claim 1 wherein said first dielectric layer has a thickness between about

50A to about 1000A.

21.  The device of claim 1 wherein said gate electrode comprises a second semiconductor on
said gate dielectric and a second metal on said second semiconductor, and wherein an energy

bandgap of said second semiconductor is lower than an energy bandgap of said first

semiconductor.
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14. The device of claim 13 wherein said netal silicide has a thickness of

| ess than about 300A. 15. The device of claim 13 wherein said netal
silicide conprises at least two materials selected fromthe group
consisting of N, C and conbi nati ons thereof. 16. The device of claim13
wherein said netal silicide contains between about 1 and about 25 atomc
percent Ge. 17. The device of claim 13 wherein said netal silicide is a
transiti o metrak dslidei g cdBn 2 L&herdin@aid eatosdsenficaridadton chRtaink beteieen stmutl et al
conpound conprises two or nore transition netals. 19. The device of claim
| wher ei n;3abdlt k6 kshicheple@atd i ¢ | ayer conprises at |east two materials

sel ected fromthe group consisting of Si, 0, N and conbi nations thereof.
20. The device of claim1l wherein said first dielectric |ayer has a

t hi ckness,_ bet ween abouyt. . 5 o .abayt 10001..21. The devi f.claiml :
wherei n s&id éﬁf ae"é‘ieé’zf’lra%gﬁgg?{ﬁl?isg‘gératﬁ%’segeﬁg’ﬁc?og'gﬁfeég ﬁeéggsre?egtne% ﬁg’éﬁ d gate
dielectric and a second netal on.sajd, segond senm cqnductor, and wherein an
energy bHHEGADEFISELE S@cw&‘tg%f’ﬁ%‘i‘?c?&ﬁt"%‘?‘b‘in%thné%é“feo'han an energy
bandgap of said first sem conductor. -18 22. The device of claim 21
wherein said second sem conduct or contains between about 10 and about 50
at omi ¢ perscentThéRevice of claim 1 wherein said source and drain regions are recessed within said

substrate.

Ve



23. The device of claim21 wherein said gate dielectric conprises a
material selected fromthe group consisting of Si 2, oxynitride, nitride
and conbi nations thereof. 24. The device of claim1l wherein said source and
drain regions are recessed within said substrate. 25. A nethod of form ng
an integrated circuit device, said nethod conprising: formng a gate

di el ectri c 26n aAstipthedcd fofming suisbralirosdedics URRLKHA cgﬁgﬁii . a first
energy bandgap; forming a gate electrode on said gate dielectric; formng
a pair of spacefymigorgyieclipasiic en sivivedtlasuSbragag sgﬁstnﬁteehla\%ﬁ%ﬁ Bde.and said
gate dielectric; epitaxially grow ng source and drain regi ons on S d
surface of bawdedp;substrate on two sides of the gate dielectric, wherein a
second energy bandgap of at least a top portion of said source and drain
regions is | oweformhgn ghfeelcbirsdetoneniarggy daardgap of said substrate; forming a
metal layer on at |east one of said source and drain regions; formng a
first dielectrifrhmgepaiobf $aidds 4164 : r m econd dielectric

| ayer on said first dineI ec??ibc Iay%p?bﬁ?‘éggdﬁlw%fgg dg‘ﬁﬂ%%e%?lﬁcgrlﬁa%dé?ﬂ 8%®r st and
second di etliekttricc | ayers; and form ng a conductive plug in said opening.
26. A nethod of formng an integrated circuit device, said nethod

compr i sing: fordpitagaley Sating ik Sk o Ao LA Qor2uif URSLEEL &0 ET €1 1

sides of the gate dielectric, wherein a second energy bandgap of at least a top portion of said
source and drain regions is lower than the first energy bandgap of said substrate;

forming a metal layer on at least one of said source and drain regions;

forming a first dielectric layer on said metal tayer;

forming a second dielectric layer on said first dielectric layer;

forming an opening in said first and second dielectric layers; and

forming a conductive plug in said opening.
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first kind of sem conductor; formng a gate el ectrode on said gate
dielectric; formng a pair of spacers along opposite sidewalls of said gate
el ectrode and said gate dielectric; epitaxially growi ng source and drain
regions on said surface of said substrate on two sides of the gate
dielectric, wherein at |east a top portion of said source and drain regions
is fornmed of a second kind of sem conductor; formng a netal |ayer on at

| east oney@f S@hEh&OMITESIRN iGkaiated cRgiiodsice, shidmmitlng campiisisg: di el ectric

| ayer on said netal |ayer; formng a second dielectric |ayer on said first
di el ectric | ayghing f AldidleudbroP@fatOotiaubstad, Whersih sAdshbseao isdoiel dat ri ¢

| ayers; and formng a conductive plug in said opening. 27. The nethod of

claim 26 M@ﬁﬁﬁhﬁs&ﬁ@mﬁﬂ@ﬁ@y bandgap of the second kind of sem conductor is
| ower than that of the first kind of sem conductor form ng said substrate.

28. The met ho%rﬂfri%ﬁigadi:er'a&%owws%idrga%adiaem;taxi ally growing said source and
drain regions conprises selective epitaxy. 29. The nethod of claim28

wherein said | V6 PRIESE N of Ligch ®diaflf OMBafdnBreAlcoidfte HORSH$hieng Of
Mol ecul ar Bea%&k%ﬁ%g%§C?%BE?§ E*%ggﬁﬁigh Vgcuunlcﬁgaical Vapor ngosition
(UHVCVD)WT@t m c Layer Chem cal Vapor Deposition (ALCVD), Metal Organic
Cheni cal 3%5% Deposition (MOCVD), and conbi nations thereof.

epitaxially growing source and drain regions on said surface of said substrate on two
sides of the gate dielectric, wherein at least a top portion of said source and drain regions is
formed of a second kind of semiconductor;

forming a metal layer on at least one of said source and drain regions;

forming a first dielectric layer on said metal layer;

forming a second dielectric layer on said first dielectric layer;

forming an opening in said first and second dielectric layers; and

forming a conductive plug in said opening.

27.  The method of claim 26 wherein the energy bandgap of the second kind of semiconductor

is lower than that of the first kind of semiconductor forming said substrate.

28.  The method of claim 27 wherein said epitaxially growing said source and drain regions

comprises selective epitaxy.

29.  The method of claim 28 wherein said selective epitaxy is selected from the group
consisting of Molecular Beam Epitaxy (MBE), Ultra High Vacuum Chemical Vapor Deposition
(UHVCVD), Atomic Layer Chemical Vapor Deposition (ALCVD), Metal Organic Chemical

Vapor Deposition (MOCVD), and combinations thereof.
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-21 30. The nethod of claim 28 wherein said selective epitaxy includes
formng gases conprising an elenent selected fromthe group consisting of
Si, G, H d, N He, P, B, As and conbinations thereof. 31. The met hod of
claim 28 wherein said selective epitaxy conprises a deposition tenperature
in the range of about 300-950C. 32. The net hod of claim 27 wherein said
metal |ayePlis Ahemetabd clugmudsdyieeiildicngtitaily inJMUeFfotrrﬁ%g%%S%é on nmetal s
and wherein said formng a metal conprises a nethod selecte romthe
group consFenpiirgngdn (iRt Riveel drin ﬂ«(ﬁ-ﬁl@[{p EsRRahg b1aR dPMDY fd. GO %%arg: ons

e JS) 3

t hereof 33. The nethod of claim 27 rein said netal Tayer | i3

silicide forndathoyps theseaf.i ci de process. 34. The nethod of claim33 wherein
said salicide process conprises a nethod selected from the group
consi sting of Low Pressure Chem cal Vapor Deposition (LPCVD), Plasnma

Enhanced £hemgal ition (PEQVD), thermal CVD, |aser ablation,
ion sputter, e-beam g%ﬁc{ftcegﬁg%ghg e@&%’gisﬁﬁ‘ft?"(?ﬁgltatxﬁé‘?%fse%depim@onnet hod of

clai m 33 wWagrgin, S8l Jagregaf%ﬁ%igbéj_?ﬁgﬁgl | ayer further conprises: a first

anneal ing at "a tenperat about 300C and at a pressure of |ess
than about 10 Torr in a gaseous anbient conprising elenents selected from
the group consisting of H N He, Ne, Ar, Xe and combinations thereof,
sai d first3Zannedicinghoder tloimBt whértiarais aicth] Sabi i b ghtal o BRBeomprising two or

more transition metals and wherein said forming a metal comprises a method selected from the

group consisting of CVD, Physical Vapor Deposition (PVD) and combinations theteof.

33, The method of claim 27 wherein said metal layer is a metal silicide formed by a salicide

process.

34.  The method of claim 33 wherein said salicide process comprises a method selected from
the group consisting of Low Pressure Chemical Vapor Deposition (LPCVD), Plasma Enhanced
Chemicgl Vapor Deposition (PECVD), thermal CVD, laser ablation, ion sputter, e-beam sputter

and combinations thereof.

35.  The method of claim 33 wherein said forming said metal layer further comprises:
a first annealing at a temperature higher than about 300°C and at a pressure of less than
about 10 Torr in a gaseous ambient comprising elements selected from the group consisting of H

£}

N, He, Ne, Ar, Xe and combinations thereof, said first annealing performed after said salicide

process.
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-22 36. The nethod of claim35 further conprising: selective netal renoval
by wet etching after said first annealing; and a second annealing. 37. The
met hod of claim 35 further conprising: formng a TiN or Ti cap during said
first annealing; and selective netal renoval by wet etching. 38. The

met hod of claim 27 wherein the formng of said first dielectric conprises a
CVD nethod selected fromthe group consisting of LPCVD, PECVD, thermal

CVD, and gonbimati.eps of dHRrBGhrthe8Bompiingret hod of claim 27 wherein said
first dielectric layer is formed with an inherent tensile stress. 40. The

met hod of cl aigfhdife WeR! 81ava diythet bitifhe ke kae first ennkalingrands fornmed with an
i nherent conpressive stress.

a second annealing.

37.  The method of claim 35 further comprising:
forming a TIN or Ti cap during said first annealing; and

selective metal removal by wet etching.

38.  The method of claim 27 wherein the forming of said first dieleciric comprises a CVD

method selected from the group consisting of LPCVD, PECVD, thermal CVD, and combinations

thereof.

39.  The method of claim 27 wherein said first dielectric layer is formed with an inherent

itensile stress.

40.  The method of claim 27 wherein said first dielectric layer is formed with an inherent

compressive stress.



