Silicidel/ Sem conductor Structure and Method of Fabrication [0001] This
application clains priority to provisional patent application serial
number 60/498, 775, filed August 29, 2003, entitied "A S
Silicidel/ Sem conductor- Structure and Method of Fabrication,” which
application is incorporated herein by reference. TECHN CAL FI ELD [ 0002]
This invention is related generally to sem conductor devices, and nore

specifically SilgideReatisodniioyiSteudowe maddviEhodatidiabalicatiBACKGROUND
[0003] As the size of sem conductor devices in VLSl circuits continues. to
shrink, the inpact of contact. resistance in deyi erformance i s

becomi HB0HDr e T BRESHED CEBar STy PNGTO BT R GGRUARE T  h doped
silicon, such as at the contact tg, a,.f.ransistor source or drain region or
gat o eISSER Gt Hed ZogRB ERRObarTiT A LHF B N ERE ST PCR=te P

Schottky barrier contributes to a hjgher contact resistance, thus

decr eadiahiicatiensi W@Cbé?ﬁiéﬁ%h%ié@@ﬁéﬁiE%Flgl},bf)’ﬁ‘?f@q‘?é‘fﬂ'cont act resistance
degrades drive current, which in turn limts device perfornmance and speed,
i ncreases device heating, and causes other undesirabl e consequences.
[ 0004] TBHE8TEEALJEERCt 0 | owering contact resistance i's to increase the
dopi ng concentration of the sem conductor region to which contact is

made, ngﬁa' | Wi Qinb RS iszEIQ{ed S8 1@bertlERidRotor Riced) o mOAtSeehaay r ode,
althoué “the region cou be dopéd polysilicon resistor, a capacitor

plate,tg&m$%g5m@%ﬂ§%kggﬁﬁg%%ﬁggggﬂ&TraditionalIy,such regions are forned

from a ‘doped Si regl ., a silicon or polysilicon |ayer that
has been doped with inmpurities such as arsenic, phosphorous, boron, and

t he ”'ﬁ%cé%%ﬁﬁﬁﬁﬂy’ increasing the level of the inpurity concentration

[0003]  As the size of semiconductor devices in VLSI cirenits continues 1o shrink, the impact
of contact resistance in device performance is becoming more important. Generally, when metall
is in contact with doped silicon, such as at the contact to a transistor. source or drain region or
pate elsctrode, a Schottky barrier is formed at the interface. This Schottky bé.rrier contributes to a
higher contact resistance, thus decreasing device performance. Genera[]y, higher contact
resistance degrades‘ drive current, which in turn limits device pérformance and speed, increases

device heating, and causes other undesirable consequences.

[0004] Ome 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 cioiaed region. Traditionaﬂy,' such regions are formed from a doped silicon
region, e.g., a silicon or polysilicon layer that has been doped with impﬁi’cies 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. Sificon
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i npacts many devi ce characteristics, including decreasing undesirable
contact resistance. Silicon | has [imted inpurity solubility, however, so
the ability to decrease contact resistance by increasing the dopant
concentration cannot proceed beyond the inpurity solubility limts of the
silicon. The inpurity concentration | evel may have significant inpact on

ot her deviige [inChAlRAGLES d-SlH: € Il and.hence the inpact on contact
resi stance cannot ng% 1’% Ogltnblﬂlﬁg’ hl%glg 23R 8 1i1tych &E@Fe%%ta?tﬁ%?ﬁﬂ@%b)i mpurity

concent r at;} R, fect ice performance. This may further limt the
ability to redu gh%ié’rﬁ’?fgé?‘q‘%\égi&‘s? é’?\%@%@“?%&%‘ﬁgiﬂﬁdmmﬁpiﬁvh@dmiemxfl:l"&ti on.

[ 0005] The: i.licide |ayer for decreasing.the contact resistance
is also k%g\}/é\l?lg ‘I?lﬁle &ggﬁéyé:ﬁ{l?egﬁﬁtf%g%v\?{ Elé%?a‘%&' Sl‘%‘ffé?ﬁl% Mpace priethéralgere i s f or med

on the do i.on to.which contact is to be made. This silicide region
is typi caﬁ?%aét%?gtrrlg%lasevfetuh%r}dcwc POYELT pcodtash rHinge canagidre tfken @ isolatidnta@ni um
silicide, Ogh%p%tsetﬁt il.icide, cobalt silicide) on the silicon or

pol ysi I i cOnt SETIHEE RHRPLEH corsRaion may alfscistsvisnprsfopmage., This sOpfig@eor

drain regil.on hd lﬂ?te region, a doped polysilicon layer), or- by converting
a porti on Bifthe iligite redpse coptapiapsjRance by icreaghpmpugiveostdnirgioge (an i n situ

process by which a netal filmis deposited on the region and wherein the

nmet al and[((qoé] Y) SThd 1308 4 §1li&NdBlert Llicide in a subsequent
t her mal ‘processing step). [10006%&,5?f %eﬁggﬁ%ﬁgbédéa&%ﬁfs%ﬁﬁ Biﬁﬂq@@w-c@

geomet r i esorveRf@asRSices Q Wk WL by kre.faor still further inproved
_ devi ce perfornance, the need éxi'stgli‘lgrfoq@?éﬂ% S(raosedé?ﬁfio“ntﬁt SORIPAS tj | |

al I ow for hdeedeagsdicont a ibn s .'§t[l & s S particularly true for

devi ces having gate | engths i ﬁ%ltahg g%eﬁr%ﬂgeﬁgyg%ﬁ)ﬁwg apigjerde Eézer (e.g.
titanium silicide, tungsten silicide, cobalt silicide) on the silicon or polysilicon region to which
contact is to be made (¢.g., a source or drain region, a gate region, a doped palysilicon layer), or
by converting a portion of the silicon or polysiticon 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).

10006] As the trend toward sma@ler device geometries increases, coupled with the desire for
still further improved device performance, the need exists for structures and methods that wil]
allow for decreased contact resistance. This is particutarly true for devices having gate lengths in

the 90 nm and below range.



SUMVARY OF THE | NVENTI ON [ 0007] A preferred enbodi nent of the present
i nvention conprises a dielectric/nmetal/2nd energy bandgap (EQ)
sem conductor/|l st E. substrate structure. In order to reduce the contact
resi stance, a sem conductor with a | ower energy bandgap (2"d Eg) is put in-
contact with netal. The energy bandgap of the 2"d Eg sem conductor is
| ower than the energy bandgap of the 1st Eg sem conductor and preferably
|lower than 1.1 eV. In addition, a layer of dielectric may be deposited on

t he ”Et.{ﬂpﬁﬂﬁvgb? @ﬁﬁ?ﬁ?ﬂﬁ“ has built-in stress to conpensate for the

stress i sem conductor and 1st Eg substrate. A process
of meking the structure is also disclosed. [0008] The foregoing has

out | i nedooat her Abjr@:fadebdwntblmémﬁwabﬁhegremdmwewhmP@albrlﬁdvéﬂqtea@le&m@fm T he
present invention in order that the detail ed description of the invention
that f oldnews bamipabE,) Refidadudndéts sdothte Additd.dmaidef @atduce hieanttacidvant ages
of the invention will be described hereinafter, which formthe subject of

the cl aidEsi@fcelmicoNERior onth allbwahaetd blelgappi‘at) atpedinkyntadthvosenaki | | ed in
the art that the conception and specific enbodi ment disclosed may be

readi |y THitehbde7 85hdas & thast B, {eaficompeindiii RYcOhat®s c@REyInatpedt tisd IFUTt ur es
or processes for carrying oul the sane pur poses of the present invention.

It should al,sebe af EfbleA8 l@%erttﬂé?lsﬁl s¥i I adition, 4 1bes: 3F licthdk masweh

eqU|vaIent constructions do not depart fromthe spirit and scope of the

i nventi \%%RI@ fg%g%gf{e{ h Tﬂe%lél%léﬂgﬁﬂ‘Q§gulﬁllﬁkﬁ§s to cgmwsﬁngegTh% OF |

THE DRA a nore conpl ete understandi ng of the present
: i nventi Onétala@d Et g&%lc%q}ﬁ?c%tr%gg 3ot Eg substrate. A process of making the structure is also

disclosed.

[0008] The foregoing has outlined rather broadly the features and technical advantages of
the present invention in order that the detailed descﬂption of the invention that foilows may be
better understood. Additional features and advantages of th-e 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 berealized by those skilled in the art that
suéﬁ equivalent constructions do-net depart from the spirit and scope of the invention as set forth

in the appended claims. |



t hereof, reference is now made to the follow ng descriptions taken in
conjunction with the acconpanying drawi ngs, in which: [00101 Figure 1 is
a cross-sectional view of a dielectric / metal / second bandgap

sem conductor material / first bandgap sem conductor material structure;
[0011] Figures 2a through 2g are cross-sectional views of internediate
stages in the manufacture of a MOS transistor enbodi ment; and [0012]

Fi gure 3 iBRIEFORRIBEICON OFAIHVDRWOINGS MOS transistor with a conposite
dielectric |layer. 4 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS

[0013] Th i ng d_usin the present]y preferred enbodi nents are
di scussedq?dr;@ etal IB%rF(%@\}%p@{e %H%ﬁfﬁ%ﬁ%oféwr@waﬂ‘e@pom@meudvamn@a@ t he

present i i rovi des many applicable inventive concepts that can be
enbodi ed fwne?%tf’\&%%é G%F PaY e ’“Zﬁ!}é Eﬂﬁiwc&ngcfé?ﬁqr@%w takphén epaoitfonovithehbodi ment s

"di scussed _ are ner.el illustr%ti ve of specific ways to nmake and use the

(

o

i nvention® °°3”-‘r%’8“38%€%8‘€”ﬂﬁwf” {he scope of the invention. [0014] An
integrated circuit structure with | ow contact resistance is described

wher ei n a[00d6k ondFigesil GONEUES @bt AL BEw 3F 2 Wiloliil el andgap is
di sposed between a contact netal and a asubst,rla?}eﬁ.g{a@%ﬁo&gﬁ?%ﬁi’e ener gy
bandgap ofentibedsent BB ¢ Rl b ﬁﬁﬂ&?, Lky barrier. Figure |
illustrates the cross-secti ong[-?é%/pir ew o d%&ﬁing%%%i Sitf%mfe’ nmetal / second
ener gy b@{agﬂap sPem' conductor material | first energy bandgap

seni condu mat ‘@PYrEd 2adhioysl 24 & crop-gatiens! daws biinkghede sdobustieat e

rocessing steps in formng a CMOS device that enpl oys the
P %anufacp’gure of a MOS trangsistor embodiment; and : Haed

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

layer.



structure shown in Figure 1. Throughout the draw ngs, |ike reference
nunmerals wll be used to indicate the sanme or correspondi ng features.
[0015] In Figure 1, substrate 2 is preferably a sem conductor or
insulator. Mre preferably, substrate 2 is formed 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
(SA) structure. In other enbodi nents, substrate 2 may be forned of other
seni condiET AL EDESCRIPAIGY OFRLESTERS TSEEMHSDNMENEDN di oxi-de, oxynitride,
nitride or high-k dielectrics. Sem conductor material 12 is preferably a

E%aginvﬁﬁfeﬁ”gy ”@%é%@%%@é%ﬂ%oﬁah%%?%?%ﬁ'f%%%‘( erpdfimen o *é‘?%ulé gmdﬁﬁﬁe
e TR (oG BRG R PR IELOL o R 7

eV, which is below the bandgap energy.of 1.12 eV for silicon substrate 2.
Seni conditanbye cppceybias 411 B FroRpdd %\é/""%c%?tﬁ??pﬁ&ﬁf;iC%”rte’ftBrﬁbechﬁcPﬁ‘f he met al
to sem conductor _interface. As discussed above, tB“E‘E | omer band ag ener gy
gener al | gubodimsnts dissprsecre mesTs i ve OfS@e% T VRR 1 BYFES ta RSO
crystal lattice m smatch between substrate 2 and sem conductor |ayer 12
may causanddp neidinif & sivpe olcbapresditve or tensil e dependi ng upon the

mat eri al s chosen and the nethod of deposition) to develop at the interface

bet ween @Hﬁ%”ﬁt géglgcl?gzgfdngﬁgﬁ BHEER SvilfBYwbSitk: RiARASAL BedREQUERSUE 5| ayer

12, potentially evice performance and reliability. As wll be

|
di scussed i Sgnqi@%mémfggtgi@ "QF’E‘%‘] &%igz bEideES drfaga{seﬁ%g%gpseaﬁé&ﬁw{a@r in

{_subsequesr?%ci lyr applie ayers. o IlTustrated in Figure 1 is netal
A e LR N e T I CNER Sl
| barrier. Figure 1 illustrates the cross-sectional view of a dielectric / metal / second energy '
bandgap semiconductor material { first energy bandgap semiconductor material stmctﬁre.
Figures 2a through 2g illustrate processing steps in forming a CMOS device that employs the

structare 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 sili-con, 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 (SOT)
structure. In other embodiments, substrate 2 may be formed of other semiconductor or insulator -
ﬁlaterials éuch as siiit;,on dioxide, oxynitride, nitride or high-k dielectrics. Semiconductor

material 12 is preferably a semiconductor mateyial having a bandgap energy that is lower thin

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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detail below, netal 14 nmay be a silicide fornmed on the surface of
sem conductor |layer 12. Since netal 14 is in direct contact with
sem conductor |ayer 12, at equilibriumthe carriers flow a short distance
across the.interface causing a build up of charges on both sides of the
interface, thereby formng a Schottky barrier. The height of the barrier
i's approxiseriehyucdgt LM ap. of the sem conductor, in

L Ith SR (e IEH%dg u cﬁ)@% AYe ﬁorrﬁieﬁtﬁhes%?t@cf? Eniggductrave a

~addition to other factfors. "Sem con aye

bandgap engsge bel pw ' strate 2 so that the Schottky barrier
hei ght bet ween et aluEs?%E{gﬁ =t§€§%‘%’gﬁ Jesheres gﬁﬁ‘elrefmyﬂ‘éw%fﬁrﬁq’qt@f regiftanet he

barrier height between a directly contacting nmetal 14 and substrate 2
i nt er f ace[0010b18] Inphwk evbedimehiayeery:ib litkc depastl Rtven silbak 2144 The
t hickness is preferably between 50A - [000A, and nore preferably about

200=600A. s@sp@dattpylayatil 2 megtenise steay @aithdGomByesS e MQensH@Héﬁ‘o%mHﬁé @5 Yoe
purposes. First, dielectric |ayer 16 conpensates for the stréss arising

from the matgtiels chosei smithemethod WedpoSEI) EORTHGH Brthd RYEF tal. 14 and
bet ween seni conductor |ayer 12 and substrat eﬁZ. By reafﬁl%\t/‘?%gtﬁnéa?@ﬂ}gess

caused byThiabtrise maprhisarpiopiatd thesuBbEe Byerab, ﬁ%n%ﬁﬂfdég&gm t‘%ﬁ‘?‘*%ﬁ%@ﬁg

sem conduct or |ayer 12 and substrate can be reduce

- device raidireliubility. yAand] RedifQsBRNE ! e ribed in greater
detai |l bel ow, di ejl} ectric layer 16 %ghé%gég!ggggétlhggﬁ.gﬁtsgmﬁ Sgo@geé‘f*ﬁtqdif%rant
. stress priapebseq@sily feNiBaRSeARl gher than 400 MPa in order to conpensate for
significant stress in the underlying |ayers. [00191 Second, dielectric
.acts as an etch stop layer and provides a margin of

|l ayer 16 [BW erab'l%i 5 al ! [

(error forlVOVdr - et iHetated duBisetuleintiei! todaredtet ay eamsicormsiuetr @ger 2.
subsequeg& \I% formed inter-level dielectric (ILD) layer. Cenerally, as
devi ce gdd feplvedeigh}4 1B R Mot gomhpwidve slyafl 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 barriler. The height of the basrier is approximately determined by the
pandgap 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 smalier 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, diélectric layer 16 compensates for the stress arising from the
lattice mismétch 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

-6-



silicide layer 14 al so shrinks. For instance, an exenplary MOS device
having a gate geonetry of 0.13 mcrons mght have a silicide |ayer (netal
| ayer 14) of only 300-400A in thickness. For 90 nm 65 nm and snaller
geonetry devices, the silicide |ayer generally will be concomtantly

t hi nner, which significantly increases the risk that the silicide |ayer
wll be etched away when the contact wi ndow is opened in a subsequently
formed 1LDy, Mhig Eem%&oﬁﬁuc%maﬁpwhd%%ﬁ% P bk SSRRR! BAYiRQMhdesifor a high
degree of accuracy, there i's very little margin of error wth silicide
regi ons as.thin .a scri bed. 4 0. DE el 141Gk JoIVA ran
R L N R {8 e D
ILD. Wth dielectric |layer .1 QSi ti . - Fi 2f) and
the si |t raiebeta dify Hef Bl TS s hpRe R v b TR =) T g
| LD | ayer 18 ang sto&ging¥at.dﬁele t{iclé%&gr 16. Since ILD layer 18 is
much t hi CRBPSEREE SEHTEPEETYT & PAYRTT18E P s difficult to etch through

| LD | ayer 18 and stop precisely at dielectric layer 16. Overetching into
di el ect rjoe19) ay esecdfd, shpuiid Inet | Hpretrdigacconee erh asp lagagndprdagen 16 is

not conpletely etched through. Second, etching dielectric |layer 16 and

st oppi nqnﬁ:%m s bk itslevkad@ing dkubdPh@neg fdrined l:ayersudiBas(@290s60QAY fbrtned
significantly thinner than 1LD layer 18, so it is nmuch easier to etch

through i R4 dﬁe‘e@iogﬁ 14y0E NGHRYE, Bideditd fhiiict Bamk! G @lighedsyrough a
thick layer of ILD 1 typically > 3000A) and stop at the thin silicide

| ayer 14é:ilic?de,[l i rg?!]daégg%ﬁﬁqs. @Eﬁn@ﬁﬁd’e& i éx@%ﬁ{ar}lﬁdgﬂeﬁée I%M’x@ d éﬁ@%éo%try of

underlying sili i nhibiting contam nation during downsireani process

(st eps. %4%9@&&6 agggm 0011 TRY gaﬁe{@wfﬁ% ;%t flzg_ef el @'{ﬁé-ﬁm pfntRgssitd-ehde

llayer during position of "ILD I Further details are provided -
0 Advane ol INSITRLDY SRRl Pacsldel, AR cRleRafh BGRAYG bObARaRReCd Logi C

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 pro;\fides for 2 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 faositioned

‘between [L.D 18 -(Fi gure 2f) and the s_ﬂicide layer, etching may be performed in two steps. First, -

etching [L.D 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. Ovefetching 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 > 3006A) and stop at the thin silicide layer 14.

A



Lar ge- Scal e Enbedded Ta205- Capacitor DRAMS," by M Saito, et al., |EDM
99- 805, which is hereby incorporated herein by reference. [0021] Figures
2a through 2g illustrate one enbodi ment of the present invention wherein
the structure illustrated in Figure 1 is integrated into the process of
formng a MOS transistor. One skilled in the art will recognize that the

t eachi ngs [06203i n quii iRy 1 o . of, devices, . including NMOS
and PMOS tranogi stors, OMS dg%/?clgsh\,é*p gg%gelgﬂ;g%f @%Clleﬁlﬁ%ﬂﬁ?lg%f’%@é‘lb@% ' :

i nt egr at edtonGARAGHE Mirs ARG gﬂ:gghlp ' n ntact. regions to bulk silicon.
Ct her applications of the feac |5r¥8£se§ssé%ﬁ$sé@gg%{%%F§ioﬁ Y| emp diewrke appar ent

W th rout igR@I28XP8r hBRALA 1 9R -4, i]l.ust ed enbodi nent, the
dielectric / netal / slécong&tglghg%g%%%pnoé[rnagloé@h lehdbicFether details gte praiigap

energy subst §ah e Sk I, sed.ih.source and drain regions to | ower
contact resistance. %ﬂ%ﬂtﬂgtsﬁ%gg[sﬁ#rﬁgﬁe %Elﬁ?tgog%@r g{é?@dsﬂe?ﬁ Logic Glagus eltiect r ode
region asywellge.f %1 Fi e~2a ILllustrates a substrate 2 with-Shallow
Trench | so}égétei on Fyded g%?%%ga%cmrfﬂ%\%% %P”%iséﬁ% chile UpPbE Wr85) whidtos med
by et chi ”Qez%ﬂ?}aﬂnk r%’orta{éﬁ.ﬂ(:he% in.substrate 2, and filling the trenches with

an insul ai or sUCh 34 "SI LGN BEFHES As is wel | known, STI regions isolate
the active regions in which transistors and the like will be forned.

Subst r at e[M2than  bégeks hetroaghoy KlussLabrenBygtRht an, =0 :
configuration. In other enbodinments, substrate ZCYPerﬁae r%sgﬁt%‘ferrlg?“n‘%}meﬁth%n

rel axed Sit@etfuré Hlusmyedih FEUEOTRIhEE-aSH intd e nS un ni conduct or or
conbi nations thereof. 8 [0023] Ga?rg dimel e(e:Fri’c?:sgtg?%%%éﬁﬁgaglﬁé@t*édgn% are

Tayer is Tirst formod on Sunorrore 3 MR Rebice BIFu i whihGif plivmiorayer -
: 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 illustrafed
embodiment, the dielectric / metal / second bandgap energy semiconductor / first bandgap energy

substrate structure is used in source and drain regions to fower contact resistance, The structure

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

[0022] Figure 2a illustrates a substrate 2 witﬁ Shallow Trench Isrolation (STI) regions 4.
The STI regions are preferably forfned by etching shallow trenches in substrate 2, and filling the
“trenches with an insulator such aé silicon oxide. As isr 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

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

combinations thereof.



These | ayers are then patterned and etched to formthe gate el ectrode 8
and gate dielectric layer 6. Gate dielectric layer 6 may conprise Si Q2,
oxynitride, nitride and high-k materials. Gate electrode S is preferably
pol ysilicon, although it may be fornmed of netal or a conpound structure of
dielectric / nmetal/ sem conductor. This conmpound structure plus the gate
dielectric may be forned fromthe structure disclosed.in Figure 1. [0024]
Figure 2p il 1 ustrat .pair, o ] e Sj: s of
Pobiel s crr B e ale SRDEH S %0 ATRRPLRL 20 A HRL

the gate el ectri 6 SErve as

sel f-aligni ng masks. f or. subsequent ource/ drain,formatio t as
doscr | beld BoRER e -Cs Hpo gy T5E e OF ey B R A ARl B s
‘bl anket depositing a dielectric |ayer over the entire regiaqn,includi

Subet r o e BiAg e el e o Eriem BheLOEITRIE ATy Tt AR B dhove
the dielectric fromthe horizontal surfaces.and |eaving spacers 10.

Dopi ng offaie pislepigilayast HEY SUpEtse ate QXY(S‘H“@?PH% ¢ @fl@ég%d m ?‘gs' (S‘Ftél ectric 6
or spacers 10 may be perforned to formpart or all of the transistor

sour ce adertdded i profeghly nelysifioupslihongh & Fsibe fmes glmetabey 2 cgmaetidconduct or
material 12, which may be used as part or all of the transistor source
and dr ai siuceyicbdis]ecirs / optal Asdmdtdngueien oBhis eempoynd stusiuskples e ghte dgbatric 6001.
A preferred nethod of form ng sem conductor material 12 is selective

epi t axy. miynheSofid fremy e sinstirediveldsedon Eigveerl. t he substrate. Qpenings are
then fornmed through the SiQ2 to expose the source/drain regions.

Sem d erial 12 1S t o] [ ] or
mterial WG] <R EPL PR S g b Rt PR PED T k)
{alth h..oth d it hni i ncl udi-ng. Chem cal Vi De iti

LoDy AR o St o gt e ALt SRRl Uit om ¢ Layer

Chem cal SO\L{I%E/(C)hI:aian%PIgaﬁf{OElISi%SS, (A'SA\(ITESC}:/T%ed below. The spacers may be formed by well-known

methods such as bianket depbsiting 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 2¢, a semiconductor material 12, which may be used as part or

( | all of the transistor source and drain regions, 1 epitaxially deposited to a thickness of 4004 —

| 600A. A preferred method of forming semiconductor material 12 is selective epitaxy. An SiO;

layer is formed to cover the substrate. Openings are then formed through the SiO; to expose the
source/&rain regions. Sémicon-ductor materia] 12 is then epitaxially grown. Semiconductor
material 12 is preferably formed using Molecular Beam Epitaxy (MBE), although other
depositibn techniques, including Chemical Vapor Deposition (CVD), Ulira High Vacuum

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

0.



-9 or Metal Organic Chem cal Vapor Deposition (MOCVD). Deposition
preferably occurs at a tenperature in the range of 300C - 950C, and nore
preferably in the range of 450C to 850C, and at a pressure |ess than 100
mlforr. In the region where the single crystal substrate i s exposed,
sem conductor layer 12 is grown epitaxially. On the SiQ2 |ayer,

pol y- crystaalMdis GregnieChemiQ® vaBoH Y mky SLO2 are then etched,
| eavi ng only sem conduct or Igger efg.“@e@(gggg&f?%%ﬁ%f)@?? i3’‘?LOEUI‘F?@Tran_s part

of the soussgrand igflfakd £ 6o _fo@pe ul t. transjstor.
General |y, il%ri s desi rabi ggit;(%\y;té Pﬁ%%%ﬁdr%gx%%e erglg%\?/nr%? EEois4 F06F tetFOPE.om

sem conduGh®ht Bt &3l i ghly..doped .9,, >2x1020cm 3). | 0026]
Dopi ng' of 'serriag%ndugt or th%étlgglmgiog?igghgﬁ g ‘é{%&%%pmglﬁéws@ tuvalratadin ekged, he

epi t axi al geRicOMubP r bsequent|y in an ion inplantation step. In
a preferr g%l e nbodicn%lg(%,%zgo%f)‘r}\%%p ot Lsﬁg mb(’%]ﬁfﬂﬁgﬁ B? ereriErcryalal s Joroed ihe
concurrengliy. epi.taxial gromh step. This is -acconplished by

i ntroduci %g@ﬁ%&%ﬁﬁ%to égtla5%%6?%1,89’51??8%13&’?&%‘%@&9@%%éﬂifhblr?oL%micancmetmirc, and

the 1ike.i.nt: cha r. al on { th. ot her process gases, such as
silicon, ‘g’dea%?r‘glnﬁtjl}%{msr?fg%g ﬁ,"m%ﬁf\il'goéfﬁﬁ%é?gl?ﬂStf?rdg%mulm M traagidort he | i ke,

during the_epitaxial gr h step. [0027] Sem conductor |ayer 12 has an
ener gy baﬁigrgegapﬁyl’b 433’?%3%\&1??%‘3 RHNERSTARg iRe e gipRt formed fRom sanficeldudi aRiagal | Y
| ower tha{bbl. 1 eV wth the sufstrate is silicon. In a preferred

enbodi ment? % gy denrdieeor2fQysm k2 conprises a Si and Ge conmpound. Carbon
can optionally be added to conpensate for the lattice spacing difference

Jbetween s@a&0NdUBIpy of 8EEoAkRCRP G R HRSHT, In. apreferred
{embodi nent, the ger magni um c%ntgnt I's %;Igé;%{l ﬁ%%ciljﬁé%%%%g{h%‘ﬁ%‘%?‘@ﬁ@ﬁwly in

the ranggoeth pk0%d & BB uchh (LA BRI S9Nk EN ), S typical |y | ess than 4%,
and preferably in the r a?]ge yid A _ Hsteh > In yﬁef%”e‘; gmbomment, doping
of semiconductor material 12 occurs concurrently with the epitaxial growth step.. This is
accomplished by introducing apptopriate dopants, such as boron, phosphorous, arsenic, and the

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

chlorine, nitrogen, helium, and the like, during the epitaxial growth step.

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

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

of 0.1% t0 2%

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

semiconductor material 12 is recessed (partly or in \'}vhole) in substrate 2. A pair of recesses {(not
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of .0.1%to 2% [0028] In other enbodi nents, instead of being formed on the
surface of substrate 2, sem conductor material 12 is recessed (partly or
~in whole) in substrate 2. A pair of recesses (not -10 shown) is formed on
either side of gate electrode 8 by etching substrate 2. Note that
‘substrate 2 nmy be undercut beneath spacers 10, resulting in the recesses
being aligned with gate el ectrode 8. Spacers 10 are designed so as to

al | ow f S{%}g%ﬁéﬁ(ﬁ%e@lﬂ GOEAR ke & ga{ekbqfeg&@&‘ee&sﬁeéch‘ﬁigt fblihe: Datse eleatkedes. In

ot her e spacers 10 Tray be desi'gned so that the recessed regions

are Spagl%gpealﬁnﬁag%%{ﬂeg%aﬁgfoa(\!eg%d Galiab LORIRAL SRR LM I8l frode 5.

el ectrod odinents, It may be deSirable to have

recesses_for wiithin.the vertical ri e 8, such
t hat thes¥ﬁggﬁgﬁeﬁgﬂ?§ﬂS?%gﬂFE@%énﬁ?%%gﬁﬁ%mkﬁﬁgg%ﬁ%%%gﬁv?%ﬁ%%%ﬂgource and
drain regions is shorter than the e el ect.rode w dth. e skilled in the
o il O gRam i Bhet ot e B i ap e e R R
~derived through routine experinmentation. Igta &r%fggied epbodi nent
wher ei n SusdEPat dn fe vertisal SRR e SR TF 83 B IE 8ni T hATE or | ayer on

an underlying BOX insul ator, recesses be formed by ani sofropically
et chi ng eheedseasss it s be desitalle tehaye ?GCF%SFTSB%P&%‘W .mn%edﬁ%‘fﬁ |bﬂu%{ﬁﬂé$0f gate
enbodi nents, sem conductor material 12 may have a | ayered structure and
the top ¢layeede frsyctotbatahe chpmnebregionsesybing &ioi thyBibsegnenshy| fyrmied spurse e bot t om
| ayer. In this  enbodi nent; the bandgap of the top |layer, which is in:
di rect cdminaegionsiit thorrettian, th gatd dJowsrede Widih.t Gree skBlsd dyap 261k idsegiian Bat
[0030] As illustrated in Figure 2d, netal |ayer 14 is fornmed over source
(and dr ai the pgtiyhonalignment of the recesses can be derived through routine experimentation. In a

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

an underlying BOX insulator, recesses maja be formed by anisotropically eiching 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.

[0030] As illﬁstrated in Figure 2d, metal*laye'r 14 is formed over source and drain regions
ahd preferably over gate electrode 8 as well. The thickness of metal 14 is preferably less than

- about 500A. Metal 14 ﬁlay be a transition metal or metal compound such as titanium, cobalt,
tungsten, tantalum, or the Jike or other appropriate conductive material deposited via Chemical
/Vapor Deposition (CVD), Physical Vapor Deposition (PVD}) or other alternatives. As discussed,
2 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

J11-



and preferably over gate electrode 8 as well. The thickness of netal 14 is
preferably | ess than about 500A. Metal 14 may be a transition netal or
nmet al compound such as titanium cobalt, tungsten, tantalum or the like
or ot her appropriate conductive material deposited via Chem cal Vapor
Deposition (CVD), Physical Vapor Deposition (PVD) or other alternatives. .
As di scussaitistratal. JChet kY rdIatddi ween .metal 14 and

i Yntér%ﬂ%%rbgfgs AT 5%/ FtOr @ ikigids Layarin ther

sem conductor material 12 has a | ower er

hei ght t hapeatbiettidn bR sfRIIRd i . contact of nmetal 14 and 11
substrate 2. Layer 14 is re?%%&%ggﬂggfi%ﬁeeg?lgﬁ%oﬁg Hirgooduneat, fpyenl4 doalide or a

silicide leaj@ra miaf] 214 ] |t ul d, be recogni zed t hat,
dependi ng: uponEL t he Eesﬁ{)%%%ngdﬁ{l% fﬁfnge%/a‘e)ffm&& n&%ag?aéferbtgat?‘éﬁ itsepted withttlsl unbiadseng or

a silticidechRer®A:k i laver.that has interacted with the |
“underlying sem cc?ndét%([:gtn %romrgtg%%l%lﬁgt?/o oﬂf’eraoaftc{%ﬁb? Aigtet BieroMeresdicidedaygr), a met al

| ayer over_a silicide layer). [0031] In a preferred enbodi nent, netal 14
is a nmetal®l i ci e prafhreedmelakisink, inpitald 478y me@OMRMN The L, Gidld, My
contain between 1% and 25% Ge, preferably 1-5% Ge. The metal ~&iTi'ci de may

take the PRH#NOY oG anbiney comaiebatveai 1% ahalesaiod, By 60N A) e than one
transition rmetal. In a preferred embodinent, metal ﬁgygéafggf‘%mﬁﬁ med by

first depdride mgy take HierfotrayRiransifion-FRtaakilicabgly hi,ani um, cobal t, nickel,
v oo et oAb hed 8 wares. of

tungsten, or the |like, over the device, includi

sen conduetel hayeeferis cabddgahe neks tlbode pce.ls then anneal ed
at a tenperature higher than 300C, gndgﬁlﬁg?rg-rggg}(g%ﬁee?%tgﬁ%@3’6—1%0@, and

at a pressenk shadwe ttantula BotaOMbiel Q b oraid: e preferably |ower than.
(about 1 Torr to forma silicide ebe?%n’ c%rheql ’e(gﬁf(%%tilplfg%}”%@%h”d@&ﬂlet he

under | yi ngepesedes@steSit oo Rdnd.8H ificall rcel drain regions and
pol ysilicon gate conduct or lP18) . r%r gzz%ﬁl%'[aigenegecjﬁ%%ﬁ()@?Id?"é‘?edéthﬁéglir@fdsd ar e

i |1 ustr atedmpseatigs Iﬁbhek #¥kR00°C, and preferably between 400-800°C, and at a pressure lower
than about 10 Torr, and more preferably lower than about | Totr to form a silicide between the

deposited metal and the underlying exposed silicon tegions (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 cobé[t silicide or nickel silicide, . -
( directly onto the surface of source and drain regions and gate electrode 8 using known deposition

techniques, such as CVD.

[0032] -As illustrated in Figure 2e, a dielectric layer 16 is next blanket deposited over the
device. Dieleciric 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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14 in Figure 2d." Preferably, the resulting silicide layer 14 is in the
range of 300A to 500A thick, although the desired thickness is a nmatter-
- of design choice. In yet another enbodinent, silicide |ayer 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
el ectrode 8 using known deposition techniques, such as CVD. [0032] As
|IIustrated in Figure 2e, a dielectric pesited
over thet i toveteds T %ﬂvaéﬁl%c%qm?%&pwq?fab P s ol (R neos
of about 50A - 1000A. Dielectric be fornmed usi
rPressureﬁﬁﬁéﬁﬁE%P@W%ﬁﬁrmfﬁﬁﬁ§Fﬂ§éwhﬁﬁﬁéﬁﬁﬁﬁw%%ﬁﬁ8?%@?“m?§é¥mg%%%§§ such
as Plasma Enhanced Chem cal Vapor ositio &P CvD), and ther -12 CVD
may al s@nwat@béatweﬂsseml@e@fﬁfédn%&b artﬂ*i%?tég%yf A que\RGFWOPR SFTRICHR r%‘ﬁé)? abl y
-chosen not only for its dielectric propertles but also for its ability
to conpemsatid [Pend midcdssg sbiiing Thokitienaignschind capie SREPERIBefwRing
~sem conductor material 12 and netal |ayer 14 and between seni conduct or
mat er i al def@:teat thetinedacky ivhiphsiafrstsmeyerapazahdirqughqit e affegadibatrsnmay cause
-performance degrading defects at the interfaces, which defects may

pr opagar g Lir ough gt b g3l a8l M&hﬁmﬁ&%ﬁ%&g@g Qo RIGICLEed

enbodi ment’s, urce an rarn’ regions ormed on a
The Son, ORGP Bt TSR SR Rk LRI P,
cause an oyerall t ess nS|I . r%ﬁ%lveg on. L eo,{e 1&99
ayer, “tyteas eV B OO ABE e E Al Ardn eBod i on
o0 o st Lave 16 e Chosen Lo mpt o
1o ds Oger;%gti(())r]: mgmgdoo d(i)e?;c;[irﬁz Igy)f(ércllg/m%)}(?%g IclEJs!an 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 lzyer 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 materiai 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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structure, in which a first oxide sub-layer of approximately 100A, is

first formed, followed by an oxynitride |ayer of approximtely 300A The

oxi de and oxynitride layer is preferably formed by PECVD at a tenperature

| ower than 550C. Figure 3 illustrates a device enploying an

~ oxide/oxynitride conposite dielectric |layer 16, where material 24 is
oxynitridepgad ma i i i de, 034]. .,The above descri bed

di el ectri g] I ager I\T;kvi@In!IL@t%)art%jlegrP§ a%llrél)ﬁpg%%e[&gevfe ﬁ%‘?ig?tpég%f)bkayera%msgmpm@e| y

400MPa- 4PRgy fer. ' e of 400MPa-2GPa. One of ordinary skill
inthe art w [F%%}gég%%gfggf %gng%ﬂan P a) flicdcs s HBER) foxer.dnubxt dapsiiled

stresses sat,ed.for hy adj ing the materials used for

di el ectri g@é@%ﬁ rf%%rggﬁ% “??%%" %@ﬁ%rgwoﬁ%%@bd@ie’f 1 prafrbly silitanioedidesi | i con
nitride d ited by L Pressure Chem cal Vapor Deposition (LPCVD) nmay
be used tg@gg%eyﬁlglé@’f%%%éﬁgﬁV CTHOpiNF A (LS, Q?P_e%(%‘éf,), IFIAVIE onothértwdlide
deposi te%%ng%\/tD rpa{%{j be us]&d to Provi de for conpressive filmstress.
-13 [003 PPUST S BHYPh gt blaggr 18 provides insulbgandietvetior e eiufidistor(ahd. D)

| ayer, alc')sv%rlsorreti s known as a pre-netal dielectric (PVMD) or an

i nt er - met Al APEIEA RS- ¢ RASforpsis @ateriab(naishowdepashd fechedavie pattchRd swsface of
the diel git]ri c | gyer 16. This ILD layer 18 is preferably silicon dioxide
deposi t ed s PHY,18dn grder iy &erpeeontapt opspinknisithe watee afd Ee)regidavland BEGMD, LPCVD,
or ot her WL?I | - known deposition techniques. This ILD |ayer 18 provides

i nsul at i SHelBdHGeERure Re iltustanies tbe devieardter te ekpogtdgprigis aF [T/ A&Seriayer |
phot oresi st material (not shown) may be forned and patterned ovelY tﬁe I LD
Iayer 18 He¥Ke bicasichebawayy thus openagtcoopemipagsgtin HATED SQMGE [ARd (dgaln, regions
and the %3;46 dielectric. Figure 2g illustrates the device after tthe
exposed §oiiénigyasfl 6 opdatds & aactiahi stofd layee duk® the 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 ate ctched, preferably using Reactive [on Etching (RIE). Because dielectric
layer 16 is quite thin relative to [LD dielectric layer 18, 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 devi_ce after metal p]ugs 20 hav.e been formed in the contact
- openings. Metal plugs 20 may be formed of tungsten, aluminum, copper, or other well known
{ . alternatives. Metal plugs 20 rﬁay also be composite structures, fnc\luding, e.g., barrier and
adhesion layers, such as titanium / titanium nitride or tantalum nitride, and other layers as well.
By providing anovel structure in which metal plugs 20 contact a silicide layer 14, .which
contacts the undérlying low bandgap energy material 12, coupled with stress~compensating
' dielectric layer 16, the contact resistance and stress-induced defects may be réduced, thus

improving device performance.
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have been etched away, thus opening contact openings in the ILD dielectric
| ayer. Note that dielectric |ayer 16 operates as an etch stop | ayer
during the etching of ILD dielectric layer 18 and thus protects the
underlying silicide layer 14. Next, the exposed portions of dielectric

| ayer 16 in the contact openings are etched, preferably using Reactive
lon Etching (RIE). Because dielectric Iayer 16 is quite thinrelative to

| LD dielectric |layer. 18, process contr d- poi nt ti re nore
ol y B8 o PRl e e R R ST R Rl e DG PR S raaﬁegaﬂf R ough
t he underlylng silicide | aye 8. t he deV|ce

r 36 str
af ter methabld pf brglsrsingd fgl e %Hlafl%?sn%]gﬁ“ﬁ&‘%“ﬁ 81%%‘%?{%%{15 CaBE) R}bt al
pl ugs 20 may be formed of tungsten, um num c er r known
al t er nat Wiyt depesting frpp dg$PoY a%%ﬁoé? %%L%@V%%B%&%egwg’é eé“é ﬁlél}StJdl ng:;
e.g., barrier and adhesion |layers, such as tltanlun1/ titaniumnitride or
t ant al unMnpiepyerdes Sca??dﬁf(ﬂteﬁé¢33mtaﬁiﬂélﬂ@tla% ispef ptendggyto br Hiited Wwgharsbaa '
structure in which netal plugs 20 contact a silicide |ayer 14, which
cont act serttivdimendef thy iprgess.onedbinsdeam fesar.gympetiin ofmatsr, mearsp methogs e
stress-conpensating dielectric layer 16, the contact .resistance and
st r ess- i sy dedrilchefie tie spaviigatie. rteschue @fprdirusskil] imlreoyt wig rdesiliy gepyseirfeor mance.
-14 [0037] Although the present invention and its advantages have been

descr i beforh thed@tdidre of the prefeatinderition undesss, ovdhintramawedtog scopiranigiess of
substitutions and alterations can be nmade herein wthout departing from

t he spi rhitcanEtassapRe o] of ies rvently eustag odbfd netek deyelbire, dppentted cl ai ns. .
Nbreover the scope of the present application is not intended to be

(limted ﬁgst&ﬁﬁﬁgpﬁé bdnehiAdtion @ ROEHvERIMHsSinodllvithesapleoeRE Sis thFrehtdpending
“manuf acture, conposition of matter, means, nethods and
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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steps described in the specification. As one of ordinary skill in the art
wWll readily appreciate fromthe disclosure of the present invention,
processes, nachi nes, manufacture, conpositions of nmatter, means, nethods,
or steps, presently existing or later to be devel oped, that perform
substantially the sane function or achieve substantially the same result
as the correspondi ng enbodi nents descri bed herein maybe utilized
according to the present invention. Accordingly, the appended clains are
intended to include within their scope such processes, nachines,

manuf actWH&T Ie 6bpdNEDI I6ns of matter, means, methods, or steps. -15 WHAT IS
CLAIMED I'S: 1. An integrated circuit device conprising:. a substrate forned
of a first kind of sem conductor having a first energy bandgap; a gate
dielectric on said substrate; a gate electrode on said gate dielectric;
sour ce and drdi Regatd sheuiicisise Fsingingopant regions in the substrate on two
sides of the ate dielectric and top dopant portions formed of a second
kind of senmig ¢ Brmed efte fastdad ohepmemdpgyr lssing g drst enerey deeeappant

regi ons, wherein _ the second energy bandgap is Iower than the first energy
bandgap; a nme&Hf d§ieciePraraitgRpEid on the top dopant portions of the
source and-drain regions; . a first dielectric |ayer on the netal or netal
conpound; a &&UBAACTRdEPREAT £ Jig§dicGon the first dielectric layer; and a

conductive plug contacting the metal and dj sposed in said first and second
diel ectric Source and drain regions comprising dopant regions m the substrate on two sides of the

gate dielectric and top dopant portions formed of a second kind of semiconductor with a second
energy bandgap on said dopant regions, wherein the second energy bandgap is lower than the
first energy bandgap;
a metal or metal compound on the top dopant portions of the source and drain regions;
a first dielectric layer on the metal or metal compound;
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 | wherein said first dielectric layer has inherent compressive stress.
3. The device of claim [ wherem said first dieleciric layer has inherent tensile stress.

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

from the group consisting of silicon nifride, silicon oxynitride, silicon oxide, and combinations

thereof
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| ayers. 2. The device of claim1l wherein said first dielectric |ayer has

i nherent conpressive stress. 3. The device of claiml|l wherein said first
dielectric layer has inherent tensile stress. 4. The device of claim]l
wherein said first dielectric |ayer conprises a material selected from
the group consisting of silicon nitride, silicon oxynitride, silicon

oxi de, and conbinations thereof. 16 5. The device of claim| wherein said
substrate conprises a material selected formthe group consisting of Si,
Ge, conpound sem conductor, SO, strained-Si on relaxed SiGe, SO,

oxyni trPde, bt dides, ofantdmbi gherkin Faidenbsilat okp8jes aGmatdiivg selevddcormfthec| ai m 1
wherein said top dopant portions of said source and drain regions extends
t hr oughewpp seitsttisd ofr TeGarrdmgewidsemaghdutr, SOI, Fhaedeyprelabd 51Gw /iGh, wher ei n
sai d top dopant portions of said source and drain regions has a thickness
of nor ecxywERdapEtde. 5ol high-lgmarpipds defl ce of claim 1 wherein said top dopant
portions of said source and drain regions conprises at |east two
materials selected formthe group consisting of Si, Ge, C and

conbi nations _thereof. 9. The device of claim1 wherein said top dopant
portion§ of J8f gevisef elamahyberpigissid tapglogny portienst Aliste serce| a8d draimGgiansoni ¢
percent CGe. 10. The device of claim1l wherein said top dopant portions of
sai d soffffe's fHerelrulispid Puicsad rapdR¥dins up to about 4 atomic percent C.

7. The device of claim 1 wherein said top dopant portions of said source and drain regions

has a thickness of more than about 50 A.

8. The device of claim 1 wherein said top dopant portions of said source and drain regions
comprises at least two materials selected form the group comsisting of Si, Ge, C and

combinations thersof.

9. The device of claim 1 wherein said top dopant portions of said source and drain regions

contains at least 10 atomic percent Ge.

10. The device of claim 1 wherein said top dopant portions 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 bave an impurity with
doping concentration higher than 2x1 0%%m™® and said impurity is selected form the group

consisting of B, P, As, In, St and combination thereof,



11. The device of claiml wherein said source and drain regions have an
inpurity with doping concentration higher than 2x1020em 3 and said
impurity is selected formthe group consisting of B, P, As, In, Sb and
conbi nation thereof. 17 12. The device of claiml wherein said netal
conpound is a netal silicide. 13. The device of claim 12 wherein said
metal silicide has a thickness of |ess than about 300 A 14. The device
of claim 12 wherein said netal silicide conprises at |east two materials
selected formthe group consisting of N, C and conbi nati ons thereof. 15.
The devilée ofTheldavien df2lainh & mébrainssaid doanm tahp@ind iseitkea] ciividai ns bet ween about
1 and about 25 atom c percent CGe. 16. The device of claim 12 wherein said
nmetal silicide is a transition-metal silicide. 17. The device of claim1
wherein said netal compound conprises two or nore transition netals. 18.
The devilée ofTheldavim df cikimr @i whesein daifl inresa! silicelk ded £ thickhay of lecothpl bis®s at

| east two materials selected fromthe group consisting of Si, 0, N and
conbi nat’®®hs thereof. 19. The device of claim| wherein said first
dielectric layer has a thickness between about 50 A to about 1000.4. 20.
The device of claiml wherein said gate el ectrode conprises a second

sem conductor_on said gate dielectric and a second netal -on said second
sem conddct orlbe gsrcsnpeslam i hwhersisr gy mbighsifjeife efmpatdatdesoivd menriidonduct or

is |lower than an energy bandgap of said first
selected form the group consisting of N, C and combinations thereof.

15, The device of claim 12 wherein said metal silicide contains between about 1 and about

25 atomic percent Ge.

16. The device of claim 12 wherein said metal silicide is 2 transition-metal silicide.

17. The device of claim { wherein said metal compound comprises two or more transition
metals.

18. 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,

19, The device of claim 1 wherein said first dielectric layer has a thickness between about

50 A to about 1.000 A.

20. 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.



sem conductor. 18 21. The device of claim20 wherein said second

sem conduct or cont ai ns between about 10 and about 50 atom c percent Ce.
22. The device of claim 20 wherein said gate dielectric conprises a
material selected from the group of Si02, oxynitride, nitride and

conbi nations thereof. 23. The device of claim1l wherein said source and
drain regions are recessed within said substrate. 19 24. A nethod of
forming an integrated circuit device, said nethod conprising: formng a
gate dielectric on a surface of a substrate, said substrate having a first
ener gy 2bandapieviconfitlagr 20 ghtrein shid staood eendrongaitat cgattias déteb@ciboiran for m ng
a pair Of;% cgrs al ong opposite sidewalls of said gate el ectrode and said
gat e tpp aomicRefRi"Sour ce and drain regions by forning dopant
regions in said substrate on two sides of the gate dielectric and form ng
top dopant portions formed of a second kind of sem conductor with a
second gmner gyhd@Rrgapcigim SRivEeréRANbatt ARIRRS coMdeeh hatRhdS8EPRG, €ner gy
bandgap of said top dopant portions “of said source and drain regions is

| ower t tagroupef SiPp. osyniedemiyidbanddgapinafons tiecto§ubst rate; forming a netal

| ayer on said source and drain regions;

23, The device of claim 1 wherein said source and drain regions are recessed within said

substrate.



formng a first dielectric on said netal |ayer; formng a second
dielectric layer on said first dielectric layer; formng an opening in
said first and second dielectric layers; and formng a conductive plug in
sai d opening. 20 25. The nethod of claim 24 conprising epitaxially grow ng
said top dopant portions of source and drain regions on said surface of
said substrate on two sides of the gate dielectric, wherein said top
dopant portions of said source and drain regions are forned of a second

ki nd of sem conductor. 26. The nethod of claim25 wherein said

epi t axi atl y griosharigpf Sarimingtao pntespediirepib deviensidhethslwompesiand dr ai n regi ons
conpri ses selective epitaxy. 21 27. The nmethod of claim 26 wherein said
sel ecti ve epireing aigate dislestrced afspdznetofie sefrstieip, saidonbsirsteibagnoé fikbkrecayl ar Beam
Epitaxy (MBE), Utra H gh Vacuum Chem cal Vapor Deposition (UHVCVD),

At oni ¢ b#&#; Cheni cal Deposition (ALCVD), Metal Organic Chenical Vapor
Deposition (MOCVD), and conbinations thereof. 28. The nethod of claim 26
wher ei n sai OBBRSE 23t Bewiske axsaid gred Gdesstic or i ng gases corrprl sing an

el enent selected formthe group consisting of Si, , N, He, P, B,
As and conbPTiPs 8 Rar OhEEds alopHoPPPRE %@M%Bﬂo%ﬂfmdcga&l qi@czedwrsendrgayau d

sel ectlve e |taxy conprises a deposition tenperature in the range of
about 386!

forming source and drain regions by forming dopant regions in said substrate on two
sides of the gate dielectric and forming top dopant portiops formed of a second kind of
semiconductor with a second energy bandgap on said dopant regions, wherein said second
energy bandgap of said top dopant portions of said source and drain regions is lower than the
first energy bandgap of said substrate;

forming a metal layer on said source and drain regions;

forming a first dielectric 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

formmng a conductive plug in said opening.

20



30. The nethod of claim 24 wherein said nmetal layer is a netal conpound
conprising two or nore transition netals and wherein said formng a netal
conprises a conprises a nethod selected fromthe group consisting of CVD,
Physi cal Vapor Deposition (PVD) and conbinations thereof. 31. The net hod
of claim24 wherein said netal layer is a nmetal silicide fornmed by a
salicide process. 32. The nethod of claim 31 wherein said silicide
process conprises a nethod selected from the group consisting of Low
Pressure Chem cal Vapor Deposition (LPCVD), Plasnma Enhanced Chem cal
Vapor Deposition (PECVD), thermal CVD, |aser ablation, ion sputter, e-beam
sputter,. and,co i a(;ti ns t4hereo.f.. 22, 33. The nmethod of claim31 wherein
sai d forfing sai £ %1 SR P COPRF PR G EPIAAY i 5ene s8] f9psorantRoRionhgl at a

t enper at i,gher than about 300C _an a pressure of .l ess than about
10 Torr S&%&a&&g%%%ﬁ%ﬂ%ﬁbolnesﬁljté S&‘%?‘ﬁ?r?fgsﬁﬁggau%ﬁﬁé‘ﬁé)ﬁttgosg@e%e{ g =t hRFRE gr oup
consi sti f.: He. At e..and conbi nations thereof, said first
anneal i r@grﬁglr%gﬁﬁ%%!’pg?ttp 8rrn01§%?f§ausi art e g% Pt Seeesare gﬁl?]e#?fél Sﬁ‘é’PﬁBﬁdBf claim
33 furtggﬁicﬁ%gp[&_si ng: selective netal renoval by wet etching after said
first annealing; and a second annealing. 35. The nethod of claim 33
further conmprising: forming a TiNor Ti cap during said first annealing;
and

26. The method of claim 25 wherein said epitaxially growing said top dopant portions of

source and drain regions comprises seiective epitaxy.
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selective netal renmoval by wet etching. 36. The nethod of claim 24 wherein
the formng of said first dielectric conprises a CVD nethod selected form
the group consisting of LPCVD, PECVD, thermal CVD, and conbi nations
thereof. 37. The nethod of claim 24 wherein said first dielectric layer is
formed with an inherent tensile stress. 38. The nethod of claim 24
wherein said first dielectric layer is fornmed with an inherent

conpressive stress. 23 Suicide/ Sem conductor Structure and Met hod of
Fabricati on ABSTRACT OF THE DI SCLOSURE A preferred enbodi nent of the
present Z7nveribe ometimdngr dlsms2a wiereinewtd badderet epitandk eheredyfrorhbairdgap ( EQ)
sem conductor/It Eg substrate structure. In order to reduce the contact

resi st arfeRsung oiMarel et Pt EE) e Hign¥rcyym Ghrmigalp aperigeregiion s put
i t 1 d t "d E ] duct i
| owert RVEND AR, Lk EaERREON nodRREIRRC Ob) MG SHGTRET SREHRE T er bl 5

| ower t maposkickeMOdVD a8l chinBiatichs kiRyef. of dielectric may be deposited on
the netal. The dielectric layer has built-in stress to conpensate for the

stress in the netal, 2nd E. sem conductor and (s Eg substrate. A process
of maki ng the structure iés gll SO _gi sclosed. (FIG 1) 24
. ¢ method of claim 26 wherein said selective epitaxy includes forming gases comprising
an element selected form the group conmsisting of Si, Ge, H, CL N, He, P, B, As and

combinations thereof.

29. The method of claim 26 wherein said selective epitaxy comprises & deposition temperature

in the range of about 300-950°C.

30. The method of claim 24 wherein said metal layer is a metal compound comprising two
or more transition metals and wherein said forming a metal comprises a comprises a method
selected from the group consisting of CVD, Physical Vapor Deposition (PVD) and

combinations thereof.

31. The method of claim 24 wherein said metal layer is a metal silicide formed by a salicide

process.

32 The method of claim 31 wherein said silicide process comprises a method selected from
the group consisting of Low Pressure Chemical Vapor Deposition (LPCVD), Plasma Enhanced
Chemical Vapor Deposition (PECVD), thermal CVD, laser ablation. ion sputter, e-beam sputter,

.and combinations thereof.



33. The method of plaim 31 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, Ar, Xe and combinations thereof, said first annealing performed after said salicide

process.

34, The method of claim 33 further comprising:
selective metal removal by wet etching after said first annealing; and

a second annealing,.

35 The method of claim 33 further comprising:
forming a TiN or Ti cap during said first annealing; and

selective metal removal by wet etching.
36. The method of claim 24 wherein the forming of said first dielectric comprises a CVD
method selected form the group comsisting of LPCVD, PECVD, thermal CVD, and

combinations thereof,

37 The method of claim 24 wherein said first dielectric layer is formed with an inherent

tensile stress.

38. The method of claim 24 wherein said first dielectric layer is formed with an inherent

compressive stress,
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