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
speci fically SicideSeatsogdpttoyiStoudtowe mavddvhethodatfdabat s (i BACKGROUND
[0003] As the size of sem conductor devices in VLSl circuits continues. to
shrink, the inpact _of coniact.resistance jn_dev] erformance is

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 caontact resistance, thus
decr eadiabiicatien] which aniiertivn AcacoTEEHE AFTFY DY BSIEINRYE cont act  resi st ance
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, t g(ﬂhﬁa' | Wi @il EARS Fg&%a E&}M@ tQenfE@dfictof @900 s mEAlS=EhQaY 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, , .

BACKGROUND

[0003] As the size of ssmiconductor devices in VLSI circuits continues.to 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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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 | has limted inmpurity
solubility, however, so the ability to decrease contact resistance by
i ncreasi ng the dopant concentration cannot proceed beyond the inpurity

sol ubi |1 t Yhak Gimide i @10 30 ih%%?é-l_s%echcia FT{)(r;ﬁté{i[t(;glﬂgffcconcent ration | evel may

have significant | mpact on other device BRCSOIeY reséstaned by, and

hence t he ;j t i stance cannot be taken in isolation of

ot her mygh{fﬁ%&ttﬁé;daﬁ%gﬁ?% eill{rag%ﬁl@e 0 ﬁﬁof%eﬁ%ﬁwdél??fl@@t‘flfdévlpb;iéty;i@tifs@rf Hence.
This may f et dimt the ability to reduce, contact resistance by

i ncreasi ngSH{CE)r%uﬁl% %/ﬂp g}éﬁggrﬁ%e@ﬂo&@}ét f@@bgTV&FI’%“fﬁ’é‘é igpachompthércledes | ayer for
decreasi ngyt he cont act i esjstance.is also known. In conventional devices,
a metal sillci f:ayev‘r’eli’%n B5prelc Brpachen dopsesEyico panet hettileh imcissiataitofi S
to be rra%ﬁ}.er\misst sitl i.ci de re%i on is typically formed either by depositing
a silici d8 PRY&Y & ty impugiiscqpzenisation may aflect deviegperirmeicki Thidmay foiad t
silicide) 9N hhetdﬁi licon or gol ysilicon region to which contact is to be
made (e. g NSRS BHuGH ECRTtIee by ingirreing aiugty, coacedopigl. pol ysi | i con

| ayer), or by converting a portion o f the silicon or polysilicon region
to a sili giods] (anl“illerh_s§bfallsiﬁéi@&l§?e? f&ydezagg%h%%&@Fé}?ﬁatc%-'efaft'ﬁr'écg‘égcajsot eposited on

the region and wherein the nmetal and 1 con I h OWRotm a

silicide tdhvantsinBcRIe 3 35S . .[0006] As the trend
_toward smaller devi cegsggéﬁr?%?&iﬁglge ?“?{%ﬁgg"z@?"%gﬁ@%&ak%‘? fheeh geripgtds thor

still furphgkdd nMsoNedidevi I e...the need exists for structures
2hd et hogar e e O REYLE S BREL 0 IR St 85 (ARE 5 Bt G 5 1 o

par ti cul agidayiuhi HigidOhun SN § ﬁ&der,]g%/biaﬂ gi!ig;%te)eonl e g&.hs Ln

icon or polysilicon region to which

contact is to be made (¢.g., a source or drain region, a gate region, a doped polysilicon layer), or
2
by converting a portion of the silicon or polysilicon region to a silicide (an in sitw 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 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 particularly true for devices having gate lengths in

the 90 nm and below range.



the 90 nm and bel ow range. -2 SUMVARY OF THE | NVENTI ON [ 0007] A preferred
enbodi nent of the present invention conprises a dielectric/netal/2nd
energy bandgap (Eg) semniconductor/|l st E. substrate structure. In order to
reduce the contact resistance, a sem conductor with a | ower energy E
bandgap (2"d Eg) is put in contact wwth 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 |ayer of
di el ectr the netal. The dielectric |ayer has
bU|It-|ﬁhgw&gégpﬁoT%%%%@ﬁh@ﬁCR?or the stress in the netal, 2nd E
sem conductor and 1st Eg substrate. A process of making the structure i's
al so  dijgetmsedA [reoa]embodirfant effbé prgsdramvetivh coreptiseas t}ﬂe}ecmlf:@ml& t he
features and techni cal advantages of the present invention in order that
t he det ainbeg baeser {Fpf depitoafiuddrd * iR wentritenirtchat. If oideomsedmay thoeonthet t er
under st ood. Addi tional - features and advant ages of the invention wll be
descri bagsisther e Aafbetuctonkiigh 1§0smnmérae bandpheet’ 1Y istpheinebabharsviof médie
invention. It should be appreciated by those skilled in the art that the
concept i ea&g¥ 8RREIS dreheembpoiomenhdet &Gt Rseehabe BeerseR@idlap ofdid IFiZzed as a
basis for ying or designing other structures or processes for

carryi nge Qi HiRe: aSBNEERYENSSEShAS 1.1 Be. I A8R1E, 4 18Y&RE HieRerik nagheul d al so
be reallged By tﬁose sﬁllygd inthe art that suc eqdlvg en€§

construc ebgﬁd g’ﬁth@ Qletad! ﬁg‘% dcflel%gtﬂma%}%a§ Piiftlif si@Bdo %SBB&SQJS f8ehge dvention as

set fort e appe al ns

metal, on E, semiconductor and 1° 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. |



-3 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00091 For a nore conplete
under st andi ng of the present invention, and the advantages thereof,
reference is now nade to the foll owi ng descriptions taken in conjunction
with the acconpanying draw ngs, in which: [00101 Figure 1 is a
cross-sectional view of a dielectric / nmetal / second bandgap
sem conductor material / first bandgap sem conductor material structure;

[0011] Fi gihlEd DESGRIPBIGRN OFJHEE BRaMOBEISect i onal views of intermediate
stages in the manufacture of a MOS transi stor enbodi nent; and [0012]

Figure 3 i cross-sectional view of .a transistor with a conposite
di el ectri c[%(}ﬁ]iyer 7 ?&?TE%%E@@FW@%%%ﬂF%&Ume HENVBOBMAERTS
[0013] Th i ng . and. using of th resently preferred enbodiments are
di s_cussed%?eg& é?%fﬁ““e ‘B&P‘&ﬁ?ﬁdf*f@ @ﬁgﬂ‘%a“fwedeawﬁléﬁ talfeadn canbmeticarwititthat t he

“present inyention provjdes ny applicable inventive concepts that can be
enmbodi ed Fﬁgggﬁ?%%£®3WW§%yﬂg%w pecific contexts. The specific enbodinents
di scussed are nerely illustrative of specific ways to nake and use the

i nventi on[0018hd dBigmet id 4 Bloks-dehEorsCARE off dibREL PYER! J 80, £0014] An
integrated circuit structure with IOM/gont%ctIréé?%{g%%gd%ggaﬁicribed

wher ei n asenSesnelo SRS NGE bHd APl kb el QG ENer gy bandgap is
di sposed between a cont act netaF ’

[0011] Figures 2a through 2g are cross-sectional views of intermediate stages in the

manufacture of a MOS transistor embodiment; and

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

layer.
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and a substrate. Reducing the energy bandgap of the sem conductor may
reduce the Schottky barrier. Figure | illustrates the cross-sectional
view of a dielectric / nmetal / second energy bandgap sem conduct or
material | first energy bandgap sem conductor material structure. Figures
2a through 2g illustrate processing steps in formng a CMOS device that
enpl oys the structure shown in Figure 1. Throughout the draw ngs, |ike
reference nunerals will be used to indicate the same or corresponding

f eat ur esHETA0ES| DESCHPEFLON OF, ILEUBSRAGT €E ZMBORIMEREFAbl y a seni conductor or
insulator. More preferably, substrate 2 is fornmed of silicon, either a

bul k silj waf er er
such as @&gﬂrieﬁﬁ%?OQ%D?g @ﬁ??ﬁmnBn%&g&&ﬁ%ﬂﬁangﬁyigr @g%%&gﬁgﬁﬁg%lator
(SA) structure. In o f ot her
seni condi#Fort Bruidhe BP%WCWECF r?ﬁi”@ﬁr &Fa%%gelfé‘?igegc mven §O]D‘CI?)]L' R Fsonﬁan ap EFé)cabPr% tride,
nitride or high-k dielectrics m conduct.or al 12 re erably a
sem condBYanBYe GrREdES tht cHERA ffﬁfméhagélﬁaa’é V@ﬁ@?’@%}sﬁe §F C?%te}r%v\tl?e ¥ t he
bandgap energy of the underlying silicon | referred

enbodi nesmtbediments dissesspicpre BT AESERR? &PF%{'%W%QD Péxe %ﬂt%}ﬁ YO EPBWn on
substrate 2. Preferably, |ayer 12 has a bandgap energy of less than 1.1
eV, whldmdﬁsn@ékmmﬁ@H@Pbdﬁbgaﬁm@ﬁ@rgy of 1.12 eV for silicon substrate 2.
Sem conductor 12 generally |lowers the Schottky barrier forned at the netal

to.sem C@B&ﬁ@ct Ol y 1&%&&5 Bt séﬁctgﬂe%ﬂﬁ%@oﬁbc(@v&wm}ms LowBFeb@Rdaan ener gy

gener al | wers contact resistance. [0016] In sonme enbodi nents, a

crystal latt ggﬁ@@f@&}ﬁ&&ﬁ%ﬁ%&%ﬁ&p%%ﬁio%p Rtlpo S ALGABANCARL: l;rf%%/a‘?r 12

(may caus€ Stre er conpressive 6Of tensi ependi ng upon t

gg% \%releral'l %ﬁ%h%ﬁgﬁ g?dutcglg m“éeetnrépg‘} b%nd g%S BPT?)E Eén? and'ﬁ&ordrﬁé()ﬂeg{?ce%e g&%#ﬂ{ nterface

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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This stress may al so propagate throughout |ayer 12, potentially degrading
device performance and reliability. As will be discussed in further
detail below, this stress may be conpensated for in subsequently applied
| ayers. [0017] Also illustrated in Figure 1 is netal 14 deposited on
sem conductor |ayer 12. Preferably, nmetal 14 is a nmetal conpound or all oy

of transi SepkoRBlcRr32 ASrAE i i re . detai| below, netal 14 nay be
“a silicide fornmed on tghersﬁfi a%:lgﬂ%fécg% OBt 01“3?CI LHiFdpetal o sagjigpaductaret al

14 is in ditsert £ontach Wi sem duct or | ayer , at _equilibriumthe
carriers flow a short %?gsottvghtggmé%:?gasngga(pheé‘eﬁgﬁtgg?qég’éo%%(ﬁéq%t’%&Slﬁi@n'r:b.d up of
charges on both sides of the interface, thereby -formng a Schottky :
barrier. dthei ghtsoot embmlithants,isarysiad laatfep nostharel iphyeed etigt-minedy by t he
bandgap of the sem conductor, in addition to other factors. Sem conductor
| ayer 12 Panig@ideeoeidydrd2 mag\ceusa strasn ggbpr @ARFEYvOS tewi1d g@gmgﬁ %;agth%ubst rate
2 so that the Schottky barrier height between netal 14 and gs m conduct or
12 wi || beatsnells Flevset fafrth¢ methbabf depbsiti@l) ghdeviieh Waging Ay cont acting
netal 14 and substrate 2 interface. [0018] Di%l ectric Ia@eg%ée}féheinémm -
deposi t edTloin st aky 1o pripgsatdtheBRRS L& 107 kAN ¥ oo 20A - 1 000A,
and nore preferably about 200=600A. Geﬁ/nerall%lfty,1 g’!eﬁgga?%n\rgﬁgoﬂc%gﬁéﬁnﬂ@“?my

© serve  t hamslacipbilNRr s PAT RAGRMssolinf Sittne U@l 86bL il AU 16, Compensat es f or
the stress arising fromthe | attice ni srratchwaeﬁksv?g)é{srsl Y %688%&'}% o ayer

12 and memabbstdueangdahBtygessseni conduct or |ayer 12 and substrate 2. By

relieving the stress caused by lattice m smatch, the nunber of defects in

-6 the ma@@* 14, sem conductor layer 12 and substrate 2 can be reduced,
(thus i npr 7|}|g déviedlustrated in Figure T is metal 14 deposited on semiconductor fayer 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 fhe 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 intefface 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
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 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
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reliability and performance. As will be described in greater detail bel ow,
dielectric layer 16 can be deposited to have significant stress
properties, perhaps higher than 400 MPa in order to conpensate for
significant stress in the underlying |layers. [00191 Second, dielectric

| ayer 16 preferably acts as an etch stop layer and provides a nargin of
error for over-etching of subsequently fornmed | ayers, such as a

subsequent | % f10r M%onht%(g ﬁaﬁ?ﬁhd&@&%@ Jfaqa b I'réd@qr\,ed! @M@fmprgﬁﬂgaeﬁhéev, as

devi ce geonetriés shrink, tthe thickness of silicide layer 14 al so shrinks.

F i nst ance. I V. C: I - : 3
o LSy 0, ST 0 AGR, ool pnl g OIS ol |
t hi ck . F 0 d I i h ilicid
b e e e

increases the risk.that the silici |ayer will be etched away when the
contact‘ﬁFﬁﬁﬁﬁfﬁgS@B&ﬁ@ﬁs?ﬁmgi@ﬁﬁggﬁg@ﬁﬁp§mforned |LD. Wile etch

end- poi nt detection technol ogy provides for a high degree of accuracy,
there i govery | 8dcbhd ditRbgicnayef 1 @pietrably ddk Siah eeh dep laggi mdprasddshi n as
described herein. Dielectric layer 16 provides for an additional margin

of = err ormQYin 34 GordSerdcHBICHT s8bRBudh@Y fdred Dyes) syt alshBeqWintip sehingliect ri c
| ayer 16 positioned between ILD 18 (Figure 2f) and the silicide |ayer,

et chi ng ;pRYI-N8 dReLERIIES 1dyRr. t Whesd IO PS detibd SdometRb SiHnROhE kiR nakeyr 18 and
stopping at dielectric l'ayer 16. Since ILD layer 18 is much thicker than

di el ect rsjil&ide?%fi@eﬁ]a@sca dhfinilsS Fel fibdagdd] 4 &emBlMORIRUEE Ak féceo%fﬁﬁ%qlét op

precisely at ectric layer 16. Overetching into dielectr l'ayer

tshoul d np Iﬁ}igrogs B@E ﬁaqgggigi_@id@% Okt %ay'ezayﬁﬁ of gﬂﬁy iS@O—ME%t inctﬁi@me@g. eéc)fﬁ?géc hed .

t hr ough. "Secon I'n ielectric layer 16 and stopping at silici

| EL%T ay dit S SRisplaier s8R R EO UM e BARMG WRBE LohcbIANST P
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 [1.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



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. 7 [0020] Third, dielectric layer 16 hel ps stabilize the
underlying silicide by inhibiting contam nation during downstream process
.steps. Such contam nation nmay conme fromthe oxidation of the silicide

| ayer duripgedihe dep@sfididcant Qfe e Further .detajls are provided
in "Advanced Thernal | ylStcabI e'I,eSri 1:6:38!p gée[t%é}l%qﬁ Lg%dterr%a%ilﬂ?lg‘? !’Hnﬁﬁm%e’ed Logi c

Grcuits Wohfimida@b®aracal Fgggﬂg T : aci tor DRAMS," by M Saito,
et al., |EDM 99- 805, r\%gi (k:)ﬁmiﬁs erg% Sy&ti%g'csséjrg%g? FUBRB Y FoRy Towfter ence.

[ 0021] Fi gatiBSorér thd&iouehy e r.at e..one odi nent of the present

i nvention wherein the _st?ﬁ%f%bégﬁ%ﬁﬁg¥¥%?8%ﬁiﬁmﬁ?ggrEmﬂwréﬂmhﬁ@@ﬁaﬂkd
into the pfoL&sS QA TiQL M t istar. e skilled inthe art wll
recogni ze that t %e_ t eac%%%bﬁ%%dﬁE@;@fﬁmﬁﬁsﬁoﬁlf%‘%’ew besiv Gingéss vith

T e LRl IR . B b (e e e e vact
nerei n i [ pepste b uE Rein G e PoLt | e oxper i mentation. tn the
illustrated enbodi nent, the dielectric / nmetal / second bandgap ehergy

sem condufi0dl] / - fFipmes hahagap2e NREGNe opwhthbiitltr e is.used in
source and drain regions to | ower contact résistad%gg&#&%ng POl fFedn ey

al so be usEgtirailbibergeih Gigte AR e a8 i Ofe 3% el 2%% igure 2a
illustrates a substrate 2 with Sh%ﬁfom/Trggcﬁ&gggﬁg%g%ﬁ‘ %gF%mPEﬁiQW% 4,

(gngs ?rTla t re ﬂgﬁ’mgﬁ ét&][a?tl vfaiiﬂﬁégc@tgﬁig& braf 635 pRchily nekehing a;%;:n?‘ltcln £ Wide rangs Qfe dseviicgs,

: 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.



trenches with an insulator such as silicon oxide. As is well known, STI
regions isolate the active regions in which transistors and the like wll
be formed. Substrate 2 can be either a bulk sem conductor wafer or an SO
configuration. In other enbodinents, substrate 2 may be strained-Si on
relaxed SiCGe; it may al so conprise Si, Ge, C, a conpound sem conductor or
conbi nations thereof. 8 [0023] Gate dielectric 6 and gate el ectrode 8 are

al so i l l # at e?}g#enrgéegé ur ate%ectr%dfk ?%\é\”ﬁiso 'ﬂgx %di ﬁllrl:tl uré”‘2 a;&seis %la&lv ctric

| ayer is' ol'l ectr ayer.

These Ia ers are t tern tch to,fonmt ode 8
oot SR SrEt it BRRRDRINE DR DB 02 B ea@ayn%f*e St o,
‘oxynitride, nitride and hi refe ny
pol ys.|.’Eleﬁ%eia&qr%ﬁ8a*@apﬁiﬁeﬂhﬁ%ya Bé{lﬁafwf%fﬁ‘e@t?gl“ e 83}?31&0?{) et e of
dielectric / metal/ sem conductar, This 0 tr cture s the gate
d|eIectr@@ﬂdﬁﬁﬁmhéﬂ?bﬁﬁ%HCWW%ﬁFﬁﬁé %ﬁpﬁﬁ&ﬁggr%? ?ﬁggﬂmWﬁnﬁggéwﬁ 1. [0024]
Figure 2b illustrates a pair of spacers 10 fornmed_al ong the sidewal | s of

t he gat ecleatiped bisrdferasy aplasieanealdionsh it gy bg formsd plbipgtahq agampeings

sel f-aligning masks for subsequent source/drain formation steps,

descri bedrubeicofidicBawicd patdl ssrregndbeor oF e BOmRRPURR i uciiionlas thageth dwsl,ec@ureh as
bl anket depositing a dielectric |layer over the-entire region including

subst r at ma@he fametddatethe sectwrodiscl8sedtihEigureni. sot ropi cal |y etching to renove
the dielectric fromthe horizontal surfaces and |eaving spacers 10.

Dopi ng Ojfrﬂgic{l] IL%Q bio 8 tlsa%%St ! to?fslgacgrg 1§ &férl%% al%{x?ﬁﬁegfdeﬁms%f thc!:' eCt rice

or space OI’ nme art or e transi St or
(source aa d]ecgric b Bhd oate electrode 8. Spacers 10 serve as self-aligning masks for subsequent

source/drain formation steps, as described below. Thre spacers may be formed by well-known
1;113th6ds 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 SOUI‘CE‘ 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)
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regions. [00251 As shown in Figure 2c, a sem conductor 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 - 6001. A preferred nethod of
form ng sem conductor material 12 is selective epitaxy. An S 02 layer is
formed to cover the substrate. Openings are then forned through the Si Q2.

to expose drivetal SREECELIHAEA VaBGH 1943 siti el ctor material 12 is then
epitaxially grown. Seni conduél?or éb%n%%@ﬂné?e?%yi fs)epﬁﬁlé‘f”é?%%qr%bix Brwsdt aisi ng

Mol ecul ar :BessmdRiil %Yan@é@@00".@'@96"‘&9%&%@%@%{9&?i é%gg%gﬁi?s%i gq?;.“@ac

i ncl udi ng Cheni cal Vapor Deposition (

Vapor Depasi b OredsEVLY] i er_Chenl cal Vapor Deposition (ALCVD)
-9 or Metal Oragga}ni-c Che%%é@é 87?8%& Ii%élﬁéeég'?q‘g Y CrSEpBLBiaton exposed,

pref er abl YeBEAHSoflav@ 17t ture in .ange of 300C - 950C, and nore
preferably int he r a%gézg§&§%%p¥a§1 Oanqgeaéﬁz gf‘tYEfapcﬂY“é%@f & fbrmsd Thhan 100
mrorr. | nythe L el : the . single crystal substrate is exposed,
seni condutt gr ”(Sayégsf%]% o7 ol e@g%"% Oé‘?gl §ymicepdycios agpI0l2. | Seypanopductor
pol y-crys 1 srf0rmed. e oly-crystal and SiO2 are then etched,
| eavi ng o%%ngl:lr% @811118 ﬁgtoglf 9 Sﬁ%Pgﬁ%rX@é?ﬁlwﬁﬂdb@ whultingalIONSi tmbsid@. f or ns part

of the soprce and.drain regions for the resulting MOS transistor.
Gener al | y,H*e’%t"alﬁ’s gdseieﬁlf%%ﬂ tgg&tﬁ%%OUf%éné giircisgigriofotmedifron exiicmgudi@mmegisf r om

sem condu r..materigl 12 be,highly doped (e.g., >2x1020cm 3). [0026]
Dopi ng of ﬁs@%%@ﬁﬁ%ﬁéﬁ"g-nﬁ%’@pizémglz can be acconplished either during the

epitaxial growth process or subsequently in an ion inplantation step. In
(a pr ef er r @a2@nbodiapeiztor s&#@Bbctor material 12 can be accomplished either during the epitaxial

growth process or subsequently in an ion implantation step. In a preferred efnbodiment, doping
of semiconducfgr 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 alqng with other process gases, such as silicon, germanium, hydrogen,

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

[0027] Semiconductor léyer 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 .sem conductor material 12 occurs concurrently with the epitaxial growth
step. This is acconplished by introducing appropriate dopants, such as
~ boron, phosphorous, arsenic, and the like into the chanber along with
ot her process gases, such as silicon, germanium hydrogen, chlorine,
‘nitrogen, helium and the like, during the epitaxial growth step. [0027]
Sem conductor layer 12 has an energy bandgap | ower than the underlying

substrat ﬁ)logm) IS%HT!%E' ol §IH1te§’ 3?{%&? éajé dIWEde § Baé%ch%glsuﬁéfraw &b s ubstdiave is
N a preferrea enpodi

silicon. hent, sem’conductor layer 12 conprises a Si

d Ge - b i ! _
Mattice Spo e CALROR, GAOORE L A0 Yo ﬂasre%%g&doetn%%lwag%ﬁ@elmfodg he

ing difteren ween sém conduct or d substrate 2.

In a preferr enbodi nent, the ger L Uf i et 0% and
more pr eg@lpgf)?@arieﬁ%‘%gg? %Sr?ﬁéﬁ%‘?’ gﬂfé’% p'; E;H% Iﬁe ec%?%%ﬁ vg%}rﬁt?% tmli s
typically less than 4% and prefer in the range f 0. 1%to 2% [0028]
In ot her® %‘Ba‘?ﬁ ﬁr‘éﬁ %r,enibﬁgfnéﬁ ; S(B’fweﬁs:ﬁn‘éaj? b r?%%mg N Otglhaéﬁlgﬁﬁrm%sfgézl%?oné Gbstrate
2, semconductor, materjal 12 is recesse artly or, in whgle) in
*substratﬁm?ﬁE%@%é?ﬂ“d?“?%@%%@%@“f%%% rorI @Béﬁ%ﬁﬁ?xﬂggfh}ﬁﬁagﬁﬁ ei ther side.
of gate electrode 8 by etching substrate 2. Nate that suybstrate may be
~ under cut eBHERTE _§|§?&Eé? despble fQRAYE F5ORES ﬁ‘%ﬂ?eﬁéﬁ”ﬁ&@’% é’%fél“gg%bfaa?% 8L Wi t h
gate electrode 8. Spacers 10 are designed so as to allow for precise’
al i gnentieasfods heushetbeshreabaniel regtondeyling fepghs Poergs ety OB P IsHsYi nent s,
spacers 10 may be designed so that the recessed regions are spaced apart
(i n the gemntégals iathogententthseaiseycifoderidiheOtpaikaled iohe po oall gcogrzalaet ot her
enbodi nents, it may be desirable to have recesses formed within the
(verti cal theopthoian kegmeht afaierecesses 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
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el ectrode 8, such that the channel region resulting fromthe subsequently
formed source and drain regions is shorter than the gate el ectrode w dth.
One skilled in the art will recognize that the optinmum alignnment 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 conductubstrdiey, eLayeni 4 i@ Rerades b j Syl ator. recesses may be
formed by anisotropically etching tr%%ng%?{drggtmee%ﬁ?fxrfﬁ,aS’é‘.“’@!?,133’1‘5?011 thet chi ng.

(0029] I n sptdiBEatioR bR BN S ] . mterjal 12 may have a | ayered
structure and the top Iaye?c%g%h%gl\%g?g%ﬁ?m%@w ® Brtodiient dyer Homouldrvey

part of tkehbothambRYs! ik LS odi nent , t he bandgap of the top

| ayer, which is in di recﬁSié%%%%gc@edvfﬁaﬁéﬁli%yeri %ﬁfﬁmwwéwmw@mbﬁw@p
of substr atRicdnddcRPRQ] L { rat in Figure 2d, netal layer 14 is ‘
formed over source gé%émg\r%é%ﬁ%@a?%o ggerﬁ?}cqe‘ﬁv dfsfehBYsy osvarsiligaiedayetiect r ode 8

as well. The thickness of netal 14 is preferably | ess than about 500A

Metal 14 KPlbe altaraefeired ambodetak, nomtalTetiod me@raIsmd Tﬁyﬁllgta?%ﬁliéiciiet anium -
cobalt, tungsten, tantalum or the |ike or other appropriate cofducti ve

materi al GEPHEIN @d, widm@hemtdabetwMaPH aRERDS ol SBLEVE) 50, RRYS| cal Vapor
Deposition (PVD) or other alternatives. As di sb%sgé(%ﬁ saﬁégh‘ib?lﬁ?a arrier

formed betifieidnmaptakt tk4oanet tRARTELAJEE LOE WIRIER has.a | ower barrier
hei ght than a barrier height that woul d be for nﬁqgtjeaﬁ\/%oéﬁtha’i‘%ec‘faﬂ%?ﬂ act

St ahetal Layer or a o e anE et e et e F ORout d b
(r ecog n_i z edetal) aﬂm,h ad epand, %aﬁ%&eﬁ,h&g@ﬂp,ocgit@ﬂcte; ovler ee Elev]ﬁi, i%glﬂl{igg &eer

exposed surfaces of semiconductor layer 12 and gate electrode 8. The device is ther annealed at

a temperature higher than 300°C, and preferably between 400-800°C, and at a pressure lower

than about 10 Torr, and more prefera-b[y lower than about 1 T orrl 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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either a metal layer or a silicide fornmed froma netal |ayer that has -
interacted with the underlying sem conductor regions, or a conbination-
-thereof (e.g., a nmetal layer over a silicide layer). [0031] In a preferred
enbodi nent, netal 14 is a netal silicide. The netal silicide may contain
N or C, and may contai n between 1% and 25% CGe, preferably 1-5% Ge. The
netal silicide may take the formof transition-netal silicide and may
contain nore than one transitio netal. In a ef erred _enpbodi nen net al
Fayer 140V R mBdony i cretspbgrr il PGSOy SR i e
titanium cobalt, nickel, tungstep, or the |like, over _.the device,.
i nol udi s diHesTieRBRERh SRR CES G ISERFEBRATET BF STo B AR A Al
el ectrode 8. The device is then annealed at  a {enp rature higher than
300C, aneisprashdeEiskyserdtondETer AR B Bunddpgalatyeh e detivesn SEWEPLIUEREN about
-10 Torr, and nore preferably lower than about | Torr to forma siljcide
bet ween mheriald@poéindedyinptdbiraing. Thelatiseleignachgnagepesearieinancoicsaions
“(specifically source/drain regions and polysilicon gate conductor 8). The
resul t i ndgfevet @lkhesnbiford evhicbgietents nzayeripabais thrawbent e affeeied laverlger 14 in
‘Figure 2d." Preferably, the resulting silicide layer 14 is in the range of

S00A to {oﬁ?gjet hixe e andlle GROUAN SASaES! S b SRBESR1 difin B B0 O desi on

choi ce. t anotheér & iment, silici ayer 0 ornmed by
i rect|yoertonnaigoraet 8 4 SRR ARG i Sl FREShePh B SR LG &
Bt SOOI 0P B4 R H0RA g
SOA - 0GR DIYE) Bt e g v e TBTIES DR S e Lol PG RlPY
Chem cal dB\]/J%Spig(gn I’EI)S c?dsci)ftdiie(ljérc]:frgcl_lapyga\r/ [1) ’ma? %;[3 cl%[sgne, rat 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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CVD net hods, such as Plasma Enhanced Chem cal Vapor Deposition (PECVD),
and thermal -12 CVD may al so be used. As discussed above, dielectric

| ayer 16 is preferably chosen not only for its dielectric properties, but
also for its ability to conpensate for stress arising fromthe lattice

m smat ch between sem conductor material 12 and netal |ayer 14 and between

sem condugggas; Mag el e s rlvin strate 2. The lattice
m smat ch ‘rfr‘;ay }cause {)!él%a(g%drzrlgné r%%gfg%gi}/eﬁé eﬁ@%@@?%}%@ kK, dismsemttines, whi ch

defects nRyow ated he affected |ayers. [0033] In the above
preferred enbodiﬁgntsfi?%Rﬁg?gﬁbggﬁf@émgﬁﬂmﬂSQF%”Vﬁéf layst, iSha@e@patied
formed ong@,$idd strate and a silicipde layer is forned on the upper
surface'o? t he gg%%éﬁﬂgh&ﬂe%?%aﬁaﬁ%gﬁhﬁgibﬂﬁ@fﬂ Errdwaly sihenclosdt ween t he
| ayers o > an ov |1, stress. . (e. tensile or conpressive) on the
silicid ga?, %’ygﬁ%ﬁ?}‘ﬁi %%ﬁ B?r‘a‘FtHYIt ‘H@C’Fl&i(»fﬁ"e NIOXB L EFR, LPTHE, mabteérivadll- and
deposi ti thod.of dielectric |ayer 16 may be chosen, at |east in part,
to corrpeﬁl)lgs}le?'lt;%1 4%8?31?%%511”@?%@15 mléyifrléfpéf?"rl@ﬁ inswipioati wontn thdineheed Tahe
| ayer 16(§%ﬂfprneg§gf a conposite oxide/oxynitride structure, in which a
first oxide" $UBIHy P BISHIBIT Mgtssiay (mothawn) maf b ftmdionopaerf0blowed by
an oxynﬁgggde Igyer of approxi mately 300A. The oxide and oxynitride |ayer
i s pref erabl §YeJF dRerderjo fppsgptast ongningsrochatource ahdaivein rédian afb@CqEi gure 3
illustrat a_.devi ce enpl oying an oxide/oxynitride conposite drelectric
| ayer 16, SlFrdie HaterE Alusoates the dscsien atfier the eapded s @fIL@dii:I%ctri@Pé}/%%
[0034] The above described dielectric l'ayer will preferably provide for
stress oflavapssn sichehivedsyy thag OMRingAGRact qpesifeyia EHeL DN idiNeiIARIENGE that
{400MPa- 2GPa. One of ordinary skill :
ielectric layer 16 operates as an etch stop layer during the etching of ILD dielectric layer 18 and

thus protects Fhe underlying silicide layer 14. Next, the exposed portions of d-ieleqtric layer 16 in

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

layer 16 is quite thin relative to [LD dielectric layer 18, process control and end-point detection

are m0r§ closely controlled, thus limiting the likelihood of over-etching through the ﬁnderlying '

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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inthe art will recognize that a wi de range of conpressive and tensile
stresses can be conpensated for by adjusting the materials used for
dielectric layer 16 and the nmethod of deposition. For instance, silicon
nitride deposited by Low Pressure Chem cal Vapor Deposition (LPCVD) may
be used to provide for tensile filmstress. Likew se, silicon nitride
deposited by PPCVD may be used to provi de for corrpressi ve filmstress.

: [;SeL Oospﬁ:g Irré'b 1St Bl?ﬁe&%\?r}f Hg\leﬁg’ rb?n 1%? alnlt ave ge%'de%cbﬁg ﬁ')tc{eltaﬂ gtl LD)

0Si ted e surface of

inter-netal diel ectrlc S. next ver .t

e di ol @t e ondied Tt TS cies) sy e 1 %?e&@fispsa%fli’b SF B5R i oxi de
deposi ted using, e. Tetraethyl orthosilicate (.TE CVD, .PECVD, LPCVD,
or ot herwigsi depwﬁmgowélﬁégntt@%scpmﬁfpa%@m%ﬁ% @e(ﬁi %?%éppﬁ'féb‘% tlgisdes

i nsul ati on between the transistor and.  overl “netal _|ines.

‘phot or esMsteovrattey fcape qfitfstrressovapliseion ot Bic taﬁ%ihﬁlg?‘% @rfh%ﬁa%%ff‘r the ILD
| ayer 18 in order to formcontact openings to the source and drain regions
and t he gatodimedisel tetprdicess, Fadincem@epiadirpsemapsaion Henagey meansaiethods fud
exposed portions of ILD dielectric layer 18 have been etched away, thus
openi ng sagatiactibedpethie agsificatidnh sl dob ofl prdingwt skillcintepyest willNotdsl ytahpreciale

di el ectric layer 16 operates as an etch stop |ayer during the etching of

| LD di el gt thediscdyies ofliBe gadn: inhersioprob@sts nakinemthentiyitng, sinositides dfayer
14. Next, the exposed portions of dielectric layer 16 in the contact
openi NgSmafd neheedihopy, 6f RepaPirysetsy fgstReackiey e HealevBbeH thg: feRoE). Because
d| electric layer 16 is quite thin relative to ILD dielectric |ayer 18,

pr ocess &Batliely @0deNtindeh bt adeivecliisentialBrte: faleeewlias gleyogenpbidht ed, thus
‘limting the | |}l)<el i hood of over-etching through the underlying

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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silicide layer 14. [0036] Figure 2g illustrates the device after netal

pl ugs 20 have been forned in the contact openings. Metal plugs 20 nay be
formed 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 tantal um
nitride, and other layers as well. By providing a novel structure in

whi ch netal plugs 20 contact a silicide |layer 14, which contacts the
under |l yi ng | ow bandgap energy material 12, coupled with

st r ess- cUHBEAs &LAMYEDdBel ectric | ayer 16, the contact resistance and
stress-induced defects may be reduced, thus inproving device perfornmance.
-14 [0037] Although the present invention and its advantages have been
described-in detail, it should be understood that various changes,

subst i t Ut i ons\ripeEied efrait dstise eapris@zmade herein  without departing from
the spirit and scope of the_ invention as defined by the appended cl ai ns.
Mor eover, t heséegpefoned ofa fEstdind of scappmideder hgming 8 firroenergythenrdterl t o be
limted to the particular  _enbodi nents of the process, nachine,

manuf act ur e, @ 8BFPESFEF OR 584 Subgltd%r , means, nmethods and steps described in

the specification. As one of ordinary skill in the art wll readily
appreci ate P PYAPEHEEPL G Ee8F S he present invention, processes,
machi nes, nanufactgreﬁ conpositions .of matter, nmeans, nethods, or steps,
present |y exFeFeRgd 6P KEQ SVﬁnﬁﬁm%@WETBﬁgﬁ?sPHQ%“%@V*H?HW@§H%%?%@?iaIIy

t he sane % nction or achi eve substanti.ally Eﬁ sane result as the
cor r espdit :@e Cﬂ?&ﬁ'}gaﬁipﬁg’ﬁf@ p%g%srf?’%g Oﬁétseéioﬂé &}Bgseﬁleqorl ‘%@H“’&ﬁéé?cﬁp‘hg to
the pr ese%Qrtgy hgln\égaf}} clmogla"ld @gp%?trrg!gigl%l, X/herein 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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t he appended clains are intended to include within their scope such
processes, machi nes, nmanufacture, conpositions of matter, neans, nethods,
or steps. -15 WHAT IS CLAIMED IS: 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

el ectrode on said gate dielectric; source and drain regions conprising
dopant regions in the substrate on two sides of the gate dielectric and
top dopant portions fornmed of a second kind of sem conductor with a second
ener gy Bandgdpe devisadictlado panbereie giidrrabstmtseqveiprises hemseto neeeniefogy tleandgap
is lower than the first energy bandgap; a netal or netal conpound on the
t op dopéarenp gorstsianst Bf Ge.lrempond semipnedugioa 30U eginedS| on eeldkied §iGedBEhect ri c

| ayer on the netal or netal conpound; a second dielectric |ayer on the
first dpemgsds nindegsihishdhgataridioketfct i ve pl ug contacting the metal and

di sposed in said first and second dielectric |ayers. 2. The device of
claiml1l wherein said first dielectric |ayer has inherent conpressive
stress. 3. The device of claiml wherein said first dielectric |ayer has
i nher enf- t endh¢ deviqeggiaim lywherpip sgidyancdopat pettignsaf paid/eires and desirgregipnss t

dielectric | ayer conprises a_material selected
extends thiroughout said source and dram regions.

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,



fromthe 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,
oxynitride, nitride, and high-k materials (k>8). 6. The device of claiml
wherein said top dopant portions of said source and drain regions extends
t hroughout said source and drain regions. 7. The device of claim1l wherein
said top dopant portions of said source and drain regions has a thickness
of nor e 12han Thbdeticssd claim 8whika sddwiet cofipahdismndeabigicden sai d top dopant
portions of said source and drain regions conprises at |east two
materials selected formthe group consisting of Si, Ge, C and

conbi nati ons thereof. 9. The device of claim1 wherein said top dopant
portions3of Sdkdesouritdaimnid dhagin sziégic silictiohtai rhckasss lof &8¢ thid aduoni C
percent CGe. 10. The device of claim1l wherein said top dopant portions of
sai d sodPBé and drain regions contains up to about 4 atonic percent C.

11. The device of claiml wherein said source and drain regi ons have an
inmpurity with doping concentration higher than 2x1020em 3 and said

inmpurity is selected formthe group consisting of B, P, As, In, Sb and
conbi natlfon tikerdewee of claim 12 wherein said metal silicide comprises at least two materials

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.



17 12. The device of claiml wherein said netal conmpound is a netal
silicide. 13. The device of claim 12 wherein said netal silicide has a

t hi ckness of |ess than about 300 A 14. The device of claim 12 wherein
said netal silicide conprises at |least two materials selected formthe
group consisting of N, C and conbi nations thereof. 15. The device of claim
12 wherein said netal silicide contains between about 1 and about 25
atom c percent CGe. 16. The device of claim 12 wherein said netal silicide
is atransition-netal silicide. 17. The device of claim1l wherein said
met al cdhpouhit &urprf siesn Lvpharin oid eedond Rgiditdnductornetains betd8n abbe 1devi ce of
claiml %rein said first dielectric |ayer conprises at |east two

mat er i af% 20U PRAOWYF BFEH $he group consisting of Si, 0, N and conbinations
thereof. 19. The device of claiml wherein said first dielectric |ayer has
a thickness between about 50 A to about 1000.4. 20. The device of claim]l
wher ei nz5ai dTigadeRice beehinPHewhSHR k1S Bfte AickBER REmBGEL € ARAKGT QlecODfromal d gate
dielectric and a second netal on said second sen conductor, and wherein an
ener gy thbarwipafSiof. osmiididsedddasiennboatiue thereof.s | ower than an ener gy
bandgap of said first sem conductor. 18

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

substrate.



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

bet ween about 10 and about 50 atom c percent Ge. 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 claim 1l wherein said source and drain regions are recessed
wthin said substrate. 19 24. A nethod of formng an integrated circuit
device, said nmethod conprising: formng a gate dielectric on a surface of
a substrate, said substrate having a first energy bandgap; form ng a gate
el ect r odé onAgadtepdyd famdigaindeegrited cifcait déviee. sridpasthodofomppisioer s al ong
opposite sidewal | s of said gate el ectrode and said gate dielectric;

form ng sourfeeniagd gele dicteciisgin orsurfiy of @ swiistge.deidantstre gronsa first smray
substrate on two sides of the gate dielectric and form ng top dopant
porti on$2f&¥ed of a second kind of seniconductor with a second energy
bandgap on sai d dopant regions, wherein said second energy bandgap of

sai d top dop@RRinHy e Barogs onedeasolivlesiaand drain regions is | ower than
the first energy bandgap of said substrate; formng a netal |ayer on said
source and dPERNRS £ @BF 8%§Eacerf BIPRg PRpositer sidesialiypletaidcgaid decgndsaiddaideatsl | ayer

dieleciric;

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



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 said opening. 20 25. The nmethod of claim24 conprising
epitaxially growing 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
fornmed of a second kind of sem conductor. 26. The nethod of claim25
wherein said epitaxially growi ng said top dopant portions of source and
drain regions conprises selective epitaxy. 21 27. The nethod of claim 26

wherei n.said.-sel ecti.v itaxy is selected fromthe group consisting of
Mol ecul é&? BeaTr?ﬁe E“be?tloﬁx?? c%%%l':z)% ‘yofﬂpflf’lﬁg P é&fﬂﬁf?@?éﬁing‘&’a‘ib%wﬁl%ﬁf)si tion
( UHVCVD) tom ¢ Layer Chem.cal. Deposition (ALCVD), Mfal O ganic Chem cal
Vapor E%ﬁ%%%ﬁ*%ﬁ“ %ﬂﬁ@ﬁ?fagﬁﬁﬁgﬁ FWQFF%W? ﬁWé?B&F@S?%%SfﬁﬁdﬁﬁFﬁﬁd of
claim?2 rei id selective .epitaxy includes form ases. conpri sing
an el eerV r?}é@?eﬁ%gﬁ?ri%ﬁ% P %rﬂtoﬁseo%ralgﬁgmﬁeoanns%idﬁ? 1g'°8% ar%%, ?£‘% al%?‘m@iﬁ }‘mﬂl,rg’PHe, P,
B, As and,i.Gpbipations thereof. 29. The nethod of claim 26 wherein said

sel ective epltaxy conprises a deposition tenperature in the range of
about 300-950C. :

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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30. The nethod of claim 24 wherein said netal |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 Déposi tlheme{iREQYDzimt MemiakinOdld, sdi@sier epitaknts @ected difors piet fretp  e- beam
sputter, and conbinations_thereof. 22 33. The nethod of claim 31 wherein
sai d forRRRYNS Sl ol Bepm Fapaxy (MEarUlsa igh %@um@fﬂp’ﬁ%ltv%?ﬁh@@oﬁlﬁgn at a

t enper atuhe HINRloh O RAAAUNiA00G AN, Ak BVBI GRSHTG o LESS: Lhan,  about

10 Torr 'In a gas nprisi ng ts se group

consi st imgodtion (MOAND)HaW céﬁ,bm&%ngﬂgreggnbl nations thereof, said first
anneal ing perforned after said salicide process. 34. The nethod of claim

33 further conprising: selective nmetal renoval by wet etching after said

first anpeal.ing;. an nd. anneal i ng. 35. The nethod of claim 33
furt her ggoﬂ:b‘plngﬁiﬂﬁ)g ?c}zum Zée wicl)erem ssl;ll gectlve epitaxy inciudes 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.



formng a TiNor Ti cap during said first annealing;, and selective netal
renmoval by wet etching. 36. The nethod of claim24 wherein the form ng of
said first dielectric conprises a CVD nethod selected formthe group
consi sting of LPCVD, PECVD, thermal CVD, and conbinations thereof. 37.
The met hod 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 forned with an inherent conpressive stress. 23

Sui ci de/ Sem conductor Structure and Method of Fabrication ABSTRACT OF THE
DI SCLOSBRE A Tjhe efthod efklami®odiineit sanf fotnhiee priesent lajeniehtd OMpEREPr | ses a

di el ectric/metal/2nd energy bandgap (Eg) sem conductor/lt Eg substrate
structure. |G eraealing 2 e fperaiirehiglsn thee tabews SPECaand et  pressurersf bondlact or

with al r er. bandgap.(tad ) i ut in contact with netal. The
ener gy aﬁﬁ%&%ﬁ%“égxﬁﬁﬁm?%ﬁﬁﬁ%E%%WE@%H&%@%BFSﬁ%“?%&%?%Fﬁaﬂmﬁﬁ@m%ﬁ%ng
bandgap 1N, e ALSke Bl cBMEORANGEAT s AN AP ERTSER e}ﬁ?o}u%ﬁ'%ﬁelt Q?d]nsaili é@ V. In
addition, a |layer of dielectric nay be deposited on the netal. Fhe

di el ect mrawedsayer has built-in stress to conpensate for the stress in the
nmetal, 2nd E. sem conductor and (s° Eg substrate. A process of naking the
structure is also disclosed.

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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(FIG 1) 24

Silicide/Semiconductor Stracture and Method of Fabrication

ABSTRACT OF THE DISCLOSURE

A preferred embodiment of the present invention comprises a dielectric/metal/2" energy
bandgap (E,) semiconductor/1™ Eg substrate structure. In order to reduce the contact resistance, 2
semiconductor with a lower energy bandgap (Z“d Eg) is put in contact with metal. The energy
bandgap of the 2™ E, semiconductor is jower than the energy bandgap of the 1% E,
semiconductor and preferably lower than 1.1eV. In addition, & layer of dielectric may be
deposited on the metal. The dielectric layer has built-in stressto Compensate for the stress in the
metal, 2" E; semiconductor and |* Eg substrate. A procegs of rﬁaking the structure 1s aiso

disclosed.

{FIG.1)
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