Integrated Grcuit Structure and Method of Fabrication TECHN CAL
FI ELD [ 0001] This invention relates generally to an integrated
circuit, and nore particularly relates to the form ng of an
integrated circuit using dunmy patterns. Mre specifically, the
present invention relates to a nmethod of form ng an integrated
circuit without parasitic capacitance caused by dummy patterns.
BACKGROUND [0002] Chem cal Mechanical Polishing (CVWP) is a process

that is used for I%]?@%r%lt@d‘@if@lﬁf SPictfe SEANVIOMIUCHFaN@EKien OVP

t akes advant ages he synergetic effect of both physical and

chem cal forces for polishing of wafers. It is done by applying a

| oad for FECHY ¢ NeFHddk of a wafer while it rests on a pad. Both the
pad and wafer are then counter rotated while a slurry containing

bot h abr provies amsh ihRAGSH KRt BERT ARk Sad ifitePaca EcUi) BT Med bhvtic TV ieRtean
effective way for achieving truly gl obal planarization over the

entire supgt fdhRg of A0RBLraklRir&Xl B RGRANI palahd ®ofe Gligedily] the hiekdib
pol i shed by CMP processes has been well known. A so-called

" m cro- | gagiid 185t a6t mepioa Rl BIMMAE GH et diRuid withdt BhRaGEcabiifadct er n
density and degrades the uniformty of pattern sizes. The

"m cro-| eadidg RkffClaiteertains to a phenomenon occurring upon
si mul t aneously etching or polishing a region of a higher pattern

density and a region of a |lower pattern density: due to a difference
_in the epaoktgH@goibshing rate of a filmfromone region to another,
-{pgé anount of reaction produced by the etching/polishing process

ngg?}a 2 n l[(g)?) th %rr;l?c%l 1\9[2%(:11%1%%:5]%%]jsh?'nngd(C%/&SI Yseacl;[rj:)((:)egs t?lfat isa usleg1 %(g?heapqaonlélu%atigg
of semiconductor wafers. CMP takes advantages of the synergetic effect of both physical and
chemical forces for polishing of wafers. It is done by applying a load force to the back of a wafer
while it rests on a pad. Both the pad and wafer are then counter rotated while a slurry containing

both abrasives and reactive chemicals is passed underneath. CMP is an effective way for

achieving truly global planarization over the entire substrate.

[0003] The existence of pattern effect in films polished by CMP processes has been well
known. A so-called "micro-loading effect” problem occurs due to a difference in pattern density
f D and degrades the uniformity of pattern sizes. The "micro-loading effect” pertains to a
phenomenon occurring upon simultaneously etching or polishing a region of a higher pattern
density and a region of a lower pattern density: due to a difference in the etching/polishing rate
of a film from one region to another, the amount of reaction produced by the etching/polishing
process becomes locally dense or sparse, and convection of a large amount of reaction products
causes an un-uniformity in etching rate. Large variations in effective pattern density have been

shown to result in significant and undesirable post-polish film thickness variation. Particularly,



causes an un-uniformty in etching rate. Large variations in
effective pattern density have been shown to result in significant
and undesirable post-polish filmthickness variation. Particularly, 1
this un-uniformty causes a "dishing" effect on the surface of the
circuit. "Dishing" neans that the surface at a |ocation with | ower
pattern density was polished faster than the surface with higher
pattern density, hence form ng a dish shaped surface. [0004] To

count er agkis hhSfoehfPedusesh WRishBE NIRE Atk fuVRteC il cidSie 8DIsRin€ s 2t
the effective pattern density across the die. The first nethod is a

process sjERrkd st ioh SMBMNSFer Shtdin BRGKy wasdPolli R d IERMP tNAE the USHARE waAhMBSK
to etch back raised areas. The second nethod is a | ayout design step

known as peamhubi labnsit YRS hihEn€d fithithpdda¥@ate, i s modified and dummy
patterns are added to locations wth EOM/pattern density. The adding
of dummy patterns helps to achieve uniform effective pattern density
across t H800#hf erTo eopatereidhis cHembitap mgthoRsarg Y@isriyusst ghtdapize tgegsgtive
Conventional |y, such dummy patterns are left in place after CMP. In

t he case PAsR densig{apps Hﬁtd!eeghﬁsﬁfétrféﬂh@riéi f BYOcER step Ewmr BFreHera sl brake
capacitance with the interlayer metal wiring. The parasitic .
capaci t andéchdpypdyel Binssmasy tp pleh packraised appas. dipe gesend meigpdis gilayguigssign step
di scharging tine. The scaling schene of |LD and hi gher operation

f r equenc\knpwr asghipamciall whegdesaresit Wyout isgnedided and damalypatidray g dded to
degradati on due to unwanted parasitic capacitance. At the present
fs_ﬁge of locatiensdashddw pariern depfity Ree adding @f direy patiesnsihelpa kq achieFrepniform an
increasing demand in the field of digital integrated circuits for
fast er swifedive ngfteni depsiiytasrosyhe wafehghessfpreamdidige therdishing podblanhe
integrated circuits going into higher frequencies, the slow ng

ef f ect pr[@am:ed @ynvglﬂfoﬂﬁi)l, kfeh ﬁﬂxﬁﬂl?ipﬁ%eme left in place after CMP. In the case where

dummy patterns are conductive, they form parasitic capacitance with the interlayer metal wiring.
The parasitic capacitance contributes to the RC time delay due to charging and discharging time.
The scaling scheme of ILD and higher operation frequency for advanced processes will cause
severe performance degradation due to unwanted parasitic capacitance. At the present stage of
the development of the integrated circuit art, there is an increasing demand in the field of digital

integrated circuits for faster switching circuits. With the switching demands of the integrated

circnits going into higher frequencies, the slowing effect produced by parasitic capacitance

becomes an increasing problem.



becones an increasing problem 2 SUMVARY OF THE | NVENTI ON [ 0006] The
present invention is devised to solve the aforenentioned parasitic
capacitance problem and it is the object thereof to provide a

nmet hod of making an integrated circuit by a CW flattening process
not acconpani ed by an increase of parasitic capacitance between netal
wiring and dummy patterns. [0007] The foregoi ng has outlined rather
broadly the features and technical advantages of the present
invention_in order_that the detailed description of the invention
that fol SSMMARY PRTHEINVENTIer st ood. Additional features and
advant ages of the invention will be described hereinafter, which

f orm t he [g008] ectTiRfprdsh@ iflemidits @vistd® sbRY ﬁﬁtalf&élnedtibneﬁhﬁm'sﬂc bspacitance
appreci ated by those skilled in the art that the conception and

speci fi ¢ pespRediERts vt $5dcPSedofTh RWidBa nie@Mdidf Yhakidt brl in?@fhtedirduibBysd S
for nDd|#§|ng or designing other structures or processes for carrying

out the Q@ BatRHNPBRREss Abt dcbifinfahiBd BYAn mBYRBLK PRasitlctcapdeRatcd batheén hgtat
realized by those skilled in the art that such equival ent

const r UctyigiiSand Quaely @At fromthe spirit and scope of the

i nvention as set forth in the appended clains. 3 BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 0008] For a nore conpl ete understandi ng ?f t he
present i(#PEht i ofbe f%@lﬁ%@sga@‘aﬂfé@%‘sbmﬁd%ﬁh%@Pt“r‘?sé‘fl%?eétﬁ’é%‘ pdvapiagss fhde

to the follow ng descrlptlons taken in conjunction with the
the present Invention in order that the detailed description of the invention that follows may be

.
- better understood. Additional features and advantages of the invention will be described

hereinafter, which form the subject of the claims of the invention. It should be appreciated by
those skilled in the art that the conception and specific embodiment disclosed might be readily
utilized as a basis for modifying or designing other structures or processes for carrying out the
same purposes of the present invention. It should also be realized by those skilled in the art that
such equivalent constructions do not depart from the spirit and scope of the invention as set forth

in the appended claims.



acconpanyi ng drawi ngs, in which: [0009] Figure 1 is a cross-sectional
view of a portion of a conventional integrated circuit wth dunmy
patterns. [0010] Figure 2 is a cross-sectional view of a portion of
an integrated circuit fabricated wusing an illustrative enbodi nent of
the present invention. [0011] Figures 3 through 11 are
cross-sectional views of internediate stages in the manufacture of
an integrated circuit enbodyi ng advant ageous features of the present

i nvention, Al LED DESCRI PT | LLUSTRATI VE EMBODI MENTS [ 0012]
The naklﬁgngﬁaﬁgg- %& P§§&ﬁk§§ preferred enbodi nents are
di scussed in detail below It should be appreciated, however, that

the preseis] NV e b @drddotiplettamd Ereiaydisiddr theCdeft invenu6x) ahd/ e aDABREPISS
that can be enbodied in a wide variety of specific contexts. The
speci fi Cthepsth Q&lb@RRISnIN $8d¢36 8 felloavikEEdeSdriptibhd thish idnyiRic@dn wiewe f i C
ways to make and use the invention, and do not limt the scope of
the i nvea@doglga #@(ﬁl&}lnﬁ AGMEdL: et hod of formng an integrated circuit
i s described. The nethod sol ves the RC tinme del ay probl em caused by
dummy pattern parasitic capacitance. (& 014] Figure 1 illustrates a
convent i 8¥W4P1 i ntldgiat s €95 é“tﬁ“?“al M Yef FPBWO? P W’DP’%‘PBEH Jugprgppeireutt
formed in _substrate 2. Isolation field regions 4 isolate and define
active ré@? H@Hwﬁﬁﬁﬁﬁﬂlng on where an active region is |located, the
active region is referred to as either a normal active region,
r’} [0010] Figure 2 is a cross-sectional view of a portion of an integrated circuit fabricated
o

using an illustrative embodiment of the present invention.

[0011] Figures 3 through 11 are cross-sectional views of intermediate stages in the

manufacture of an integrated circuit embodying advantageous features of the present invention.



whi ch has a real device forned therein, or a dummy substrate region,
whi ch either has dummy patterns or no device forned therein. MOS
transistor 6 is a real device. Devices 8 are dunmy patterns.
Silicide 14 is forned in the dunmy substrate region. Silicide 14 is
devel oped together wth the source/drain regions of the real MOS
transistor 6. After the Inter-Level D electric (ILD) 16 is
deposited, netal plug 20 is forned through the ILD 16, and then netal

ot 1 eropel AEE SRR BY b R M B R e IY S n88' ana et al

wiring 18, and capacitors 12 between silicide 14 and netal wring
18. Thes¢omapaci Tiermaking 260 nditig dTuliccpré@ntlynge@eg asatinntsale difv@ssed in detail
circuits. [0015] Figure 2 illustrates an integrated circuit forned by
an il ustei Tesherdodippeiiateaf howaeer, Ma@EEHtseht Tv@MtibOprovidaHayiapglicable
Figure 1 and Figure 2, note that dummy patterns 8 are renoved 5 from
the cir cuuvtenmdoﬁ&maswnlb@ emb&didisih halid: Rably@f Rfecild cantexts. ormpkcific
recessed fromthe original silicon surface. Therefore a significant
part of RAbaGEAS JIEARAE af-aNGEy NRSIARE Bf Hhbiflt Raysad maké HALBE kiR, 3
- 11 illustrate a preferred enbodi nent of the present invention. In
Figure 3ad wmmttg“’gg&df%egﬁ@iﬁ&abl y a sem conductor or insulator.
More preferably, substrate 100 is fornmed of a bulk S|I|con wafer. In
ot her embodi rrents substrate 100 coul d be fornmed of

seni condd@gh or AAEmaad ohfatwps 4 Wlegeifg et %%CPPeeloﬁhe Betpgsbiplves the
ejmanl um gal | ium arsenic nitrogen, alum num, indium and
phosphor && ‘%ﬁ“é?yrpé?téer&%ls‘?‘iw dymmypaftea PRFHT APACia8Egl e (J cryst al

or a conmpound. In order to inprove the perfornmance of the device,
substrat odidp i SFigit efiekaibya Ghiaatiord intdgfated diekit. ¢530@h feldtrsgions 4 are
non-strained materials can al so be used.

formed in substrate 2. Isolation field regions 4 isolate and define active regions. Depending on
where an active region is located, the active region is referred to as either a normal active region,
which has a real device formed therein, or a dammy substrate region, which either has dummy
patterns or no device formed therein. MOS transistor 6 is a real device. Devices 8 are dummy
patterns. Silicide 14 is formed in the dummy substrate region. Silicide 14 is developed together

with the source/drain regions of the real MOS transistor 6. After the Inter-Level Dielectric (ILD)

R

) 16 is deposited, metal plug 20 is formed through the ILD 16, and then metal wiring 18 is
deposited and patterned. Note that dummy patterns 8 are not removed. Capacitors 12 exist
between dummy patterns 8 and metal wiring 18, and capacitors 12 beiween silicide 14 and metal

wiring 18. These capacitors 12 contribute to the degradation of the circuits.

[0015] Figure 2 illustrates an integrated circuit formed by an illustrative embodiment of the

present invention. Comparing Figure 1 and Figure 2, note that dummy patterns § are removed



[0017] Isolation field regions 102 are forned on substrate 100. In

the preferred enbodinent, isolation field regions 102 are Shall ow
Trench Isolations (STI). The STl regions 102 are preferably forned
by etching shallow trenches in substrate 100, and filling the

trenches with an insulator such as silicon oxide. The permttivity
of the STl insulator is in the range of about 0.05 - 50, and
preferably about 0.05 - 4. In a preferred enbodinent, the STl is a

stressed hfdé cif®diafdumihy SlicontsiBstrade Pt 18 20 fobhiel r&%’sseﬂ&foﬂf th@briginal
causes a stress on the surrounding silicon regions. In | another

enbodi MeRflicot Aera&l IThERHrONS e fiinf St BT Par@bitidbphicitifdeqiat Ble elihaider to
effectively isolate the active regions, the isolation field regions

have a m ni num depth of about 30 - 650 run, and  preferably about 50
- 450 nml%418b18] Flswe%oﬂhé#uﬂéar%w%?ﬂ embogipezt pighe P@bﬁ“bﬁ%ﬁﬂ{l‘e‘? Ta Figure
formed by Localized Oxidization of Silicon (LOCOS). A preferred
enbodi mert SWrah B0 iTrelsrashsrsmicopdicto opingasere quﬁéfeéfé%WX/é“bSFéta il Gt
then forma Iager of Si 3N4 covering the active regions. An oxidation

step i s tormed ohebylopiliend watkrginguker embesitaentsysybrtraty Biicogidebe forgted of etfer
fromthe oxidation, while exposed regions forma layer of Si02. 6
[0019] | rempisendapior orépsulaias ol COMPEHISHICoR CRDGT ESENIODN, SABUMOMHRSF: of
air isolation regions. A pattern of recesses or cavities is etched
in the suixgenpbmipo, iKépe s8¢ shosphongso Sybsiratsyl 08 mak by it the,formios p pigela
caonventional mask such as a silicon dioxide/silicon nitride nmask

f of med byrystaberrarospopidolnairder uoignoaphithe Herforsmpnen efdhedevica substralsr 0B 4t | on
techni ques. The mask has apertures corresponding to the recessed
pattern trecftyebly eiramed. InPrhenembdsdémenity sen-stagedrmatepals earcsdbeiuged: he

{0017] Isolation field regions 102 are formed on substrate 100. In the preferred embodiment,
isolation field regions 102 are Shallow Trench Isolations (STI). The STI regions 102 are
preferably formed by etching shallow trenches in substrate 100, and filling the trenches with an
insulator such as silicon oxide. The permittivity of the STI insulator is in the range of about 0.05
— 50, and preferably about 0.05 - 4. In a preferred embodiment, the STI is a stressed sheet region,
i.e., the structure of the STI material causes a stress on the surrounding silicon regions. In
another embodiment, the STI regions are formed of bulk materials. In order to effectively isolate
the active regions, the isolation field regions have a minimum depth of about 30 - 650 nm, and

preferably about 50 - 450 num.

[0018] In another embodiment, isolation regions 102 are formed by Localized Oxidization
of Silicon (LOCOS). A preferred embodiment of the LOCOS process is to pre-etch the active
region, then form a layer of Si3Ny covering the active regions. An oxidation step is then
performed. Regions covered with SizN, are protected from the oxidation, while exposed regions

form a layer of SiO,.



conventional manner through the apertures defined in the silicon

di oxi de mask. [0020] As shown in Figure 3, isolation regions 102 are
formed to isolate active regions. Cl.1 Active region 109 is a normal
active region. Substrate region 108 is a dunmy substrate region.
Active regions and dunmy substrate regions take a variety of shapes,
such as square, rectangular, L-shape, etc. Active/non-active
substrate and non-active/ non-active regions are spaced apart by
about | nppo191L Omibyetizsothéte®odifnem] Holht@Girefsns 102 areddinet YPhi€ blajio@yiensa
size of about 0.0001n2 - 10000nR2. [0021] For the conveni ence of

descri bi pgpatthf of RYQEsiI0P Bavitleh & SABPIn RS ABLAELI K0URAEHsEs A HrmbdBfletting
refer both to an active region and to its outer dinension. Quter

di mensi oSG d ®aldiBonad Haflkawen Afa hien DRkIBkilLes diide A BANOS; stdddre "
di mension 108 is the surface of dummy substrate region 108. [0022]

Fi gure 4phdibidgiahRSnitdied SiFdtl Mbrieftiod dcBBiqued PRt Baskih Beluires | ayer
103 is formed on substrate 100, followed by a gate el ectrode | ayer

104. Gat gori;laisﬁt!n@ﬁl% b e kRYGLA ﬂa@tg‘r_n% 6f Brakd. YhenC BRRABESS maly 6 etched in the
oxynitride, nitride or other high-k materials. Gate el ectrode |ayer

104 is  p&RERIAR fanR Sl ROfpertilel AQMBMinithe TR IRWRE of netal,
or a conpound structure conprised of netal, sem conductor, netal

oxide or silicide. Gate electrode |ayer 104 has a work function of
about 2. 020 e\ shatie ingFgue & igqlation Feiong ALR yafumed Kcitqle actiyF &8ien
gﬂtterned using |ithography technology to formgates. Gate .
Lect r oddstiveerpeipre 1§98 Areermahackise mon-a%{%is%e egigh dofsis adumRy SPERIELeHeR e
regions and isolation field regions. Gate electrodes fornmed in dumy
substr at écﬁw@g'pgjﬁlgs and dummy substrate regions take a variety of shapes, such as square,
rectangular, L-shape, etc. Active/non-active substrate and non-active/non-active regions are
spaced apart by about 1nm - 10um by isolation field regions 102, and typically have a size of

about 0.0001pm” - 10000um>.

[0021] For the convenience of describing the invention, the same reference numbers are
used to refer both to an active region and to its outer dimension. Quter dimension 109 is the
surface of the normal active region 109. Quter dimension 108 is the surface of dummy substrate

region 108.

[0022] Figure 4 illustrates the forming of gates. A gate dielectric layer 103 is formed on
substrate 100, followed by a gate electrode layer 104. Gate dielectric layer 103 preferably
comprises Si0», oxynitride, nitride or other high-k materials. Gate electrode layer 104 is
preferably polysilicon, although it may be formed of metal, or a compound structure comprised
of metal, semiconductor, metal oxide or silicide. Gate electrode layer 104 has a work function of
about 2.5 — 6.0eV. The gate dielectric and gate electrode are then patterned using lithography

technology to form gates. Gate electrodes may be formed in normal active regions, dummy



108 or isolation field regions 102 are dummy patterns. Figure 4 shows
gate el ectrodes 106 which are forned in isolation field regions 102.
[0023] As illustrated in Figure 5 a photo resist 110 is forned to
protect the normal active regions. To effectively protect active
regi ons from bei ng over etched, the photo resist extends beyond the
MOS transi stors by about 10nm- 10m and preferably by about

20nm 3um Photo resist 110 has a thickness between about | Onm and

511m angdubpirat pipht ¥ndaldation BERMSdNs. G1tOOl2ddodEs fHtHicd B diuthiny Sisarite Segidne
cross sectional view of the integrated circuits after the dummy

pat t erns 16 & s &eld rédlordsn 62 e afi@iy e @D P LRI how SlgHiMedd@dtésCI06 Svhih6
are preferably renoved selectively by wet etching using an etching

sol ut i on ,K@imel th Rnetdisticierbegl iment, dry etching may be conducted in
an anbient filled with HBr+Cl2+02. Since outer dinension 108 is not

protected by photo_resist, the material under outer dinenpsion 108 is

et ched amﬂéﬁk r opfcrytpted HEgurg Gt wphotn e dil O famsd it PreteetRynqrakaciint n

of about 2nm - 500nm and preferably about 10-200nm_ Since . a

sel ect i vE&ZEHioRifertEvelyquefect pfive regdons figm heme Syerafchad- fherliriesit sxtanly

the loss in the isolation region 102 are different. The loss in

i sol at i ofieYond fhg M@ trapsisiqypby abogtlonm —1i9ugpandRretarably Sy apait Jpnm-SumyBipto

10- 100nm I n anot her enbodi ment, dummy el ectrodes 106 are_renpved

af ter spasist 5l0hppa thigkacss getirgen qbewd Opngnd enip)and pepderaly phout HErpefer r ed

gg?odinent, dummy substrate 108 is etched at the sanme tinme the dummy
t er ns (¢Rh] ar exiglr€ B afhstrdill (AL H64s SBRL IR She keI SHidusts hAdrRheldiBamy

can be renmoved before gate electrode 104 is fornmed, after gate

el ect r odgadddds akSreh@VdBHh thOpreREtLEMBIARMGP IGRIS phildns B6Grd SRRl removed
selectively by wet etching using an etching solution KOH. In another embodiment, dry etching
may be conducted in an ambient filled with HBr+Cl,+0,. Since outer dimension 108 is not
protected by photo resist, the material under outer dimension 108 is etched anisotropically. The
outer dimension 108 is etched to a depth of about 2nm — 500nm, and preferably about 10-200nm.
Since a selective etching is used, the loss in the outer dimension 108 and the loss in the isolation
region 102 are different. The loss in isolation field region 102 is about 10-300nm, and preferably

about 10-100nm. In another embodiment, dummy electrodes 106 are removed after spacers 112

are formed (see Figure 7).

[0025] In the preferred embodiment, dummy substrate 108 is etched at the same time the
dummy patterns 106 are etched. In other embodiments, dummy substrate 108 can be removed
before gate electrode 104 is formed, after gate electrode 104 is formed, or after the spacers 112

are formed.

[0026] As shown in Figure 7, the photo resist 110 is removed. As is well known in the art,

photo resist may be removed in a tunnel reactor in the presence of the oxygen plasma. A pair of



[ 0026] As shown in Figure 7, the photo resist 110 is renoved. As is
well known in the art, photo resist may be renoved in a tunnel
reactor in the presence of the oxygen plasna. A pair of 8 spacers
112 is then forned along the sidewalls of the gate dielectric 103 and
gate el ectrode 104. Spacers 112 serve as self-aligning nmasks for a
subsequent salicidation process, as described below The spacers 112
may be formed by well-known net hods such as bl anket depositing a

di el ectr klfacé@y% is @48 Tortld@ alBAd ihk §idévels Ok RRL URicB@ic IUDSid @telckGOdearnd.
gate el ectrode 104, then anisotropically etching to renove the

di el ect r iggackRY®S sdr OMORAHARN Rdsk S1IF h RHER AR JallcRBMOTE0ERE as SREARAS
112. [002% Fi gu?é 8 iSI I usgtql?{a%t eé? t he fornlgti oah of trﬂg source and

drain r e%i@@?fhe'%?iceé lrléiim_%? e for Rk GEL AL RIWnMEhodS BRARSs bRAXE 8QRGHES O
113 is epitaxially deposited to a thickness of about 400A - 600A.

Sem condygiefric lz;ly_\%r §RF 8 ehihe r&%ri&@udﬁ{&ugé’tﬁierlﬁo fer ga&@@ec’h‘%gyi d4l fhgn MOS
transistor, so’it is alternatively referred as source and drain

region 1 %t’rzisotétpgﬁl%f &&fir?g%o %&R@ %eqieléc%mﬂag goﬁ%miﬁﬁlm W EREs hd :fbaivﬁg éhe

sel ective epltaxy. An Si | ayer 1s formed to cover substrate 1

Qpeni ngs are then formed through Si Q2 to expose source/drain regions.
Sem conductor 113 is then epitaxially grown. Sem conductor 113 is
pr ef erab% formed usi (19 Mol ecul ar Beam Epitaxy (MBE), although other
deposi t i 002 kchriiigies lustsates bl fogmatioa of bakourasd dREHEELDS- HAr @Y |
&éra H gh Vacuum Chem cal Vapor Deposition (UHVCVD), Atomi c Layer

m cal seragritrain pEQHsphene serpispravespr b3 inenitakialty deaniited Chetickagss Yt
Deposition (MOCVD) can al so be wused. Deposition preferably occurs at
a tenper 404k e 600N tSemicondugeor 313 ROOThe sOEEENd draths fsrthe resulting MOS transistor,

so it is alternatively referred as source and drain region 113. A preferred method of forming
semiconductor 113 is selective epitaxy. An SiO; layer is formed to cover substrate 100.
Openings are then formed through SiO; to expose source/drain regions. Semiconductor 113 is
then epitaxially grown. Semiconductor 113 is preferably formed using Molecular Beam Epitaxy
(MBE), although other deposition techniques, including Chemical Vapor Deposition (CVD), -
Ultra High Vacuum Chemical Vapor Deposition (UHVCVD), Atomic Layer Chemical Vapor
Deposition (ALCVD) or Metal Organic Chemical Vapor Deposition (MOCVD)} can also be
CJ used. Deposition preferably occurs at a temperature in the range of 300°C - 950°C, and more
preferably in the range of 450°C to 850°C, and at a pressure less than 100 mTorr. In the region
where a single crystal substrate is exp;osed, semiconductor 113 is grown epitaxially. On the 5i0;
layer, a poly-crystal is formed. The poly-crystal and SiO- are then etched, Ieaving only the
source and drain and poly gate regions. Source/drain regions are finally defined by implant and

thermal annealing.



preferably in the range of 450C to 850C, and at a pressure |ess than
100 nmforr. In the region where a single crystal substrate is
exposed, sem conductor 113 is grown epitaxially. On the SiQ2 | ayer,
a poly-crystal is forned. The poly-crystal and SiQ2 are then etched,

| eaving only the source and drain and poly gate regions.
Source/drain regions are finally defined by inplant and thermnal
annealing. 9 [0028] As illustrated in Figure 8, netal silicide 114 is
formed oy@2sl he souig@icandFigiaizmetbledicRidg 1adoficalowsahd yunreeald gane

el ectrode 104 as well. The thickness of netal silicide 114 is

pr ef er abkagidne e ﬁr&&ab@mwgammdﬁm hs ®éll. ITGE Beckhdd ofMRytabelicde 114 is
transition netal nmetal conmpound such as Nickel, titanium cobalt,

tungsten reffeam)aiewmarmboﬁtfmoixl MBtailickRNB4 a8t a BRSO IThe) Br m@t@%ﬂ@bhﬁtﬁ
mat eri al dep05|ted via Chem cal Vapor Deposition (CVD), Physical

Vapor  Dgpask ic8l, (EMBh, QbaRih@keR|dRinatdr iR like bayde olﬂe{la%yrd) priaRe
referred to |nterchangeably as a netal layer or a silicide layer in

the ensui.ngneie eEShtdpoditd sia@&l:ﬁmﬁlevﬁrpepgwsz@fﬂ (@hﬁ} PhiiRRENSHRY UpoON
t he enbodi nent, | ayer 514 could be either 'a nmetal layer, or could be

a siliciggp $slilﬁ’a§1 (BRS) SR Nterfi 908 BayZBl Al willBY Stk diBb idd@ehahftlaBlyak §@Gt£d
with the underlylng sem conduct or regions. [0029] In the preferred

embodi Mepds, o M&IR]de 244 1h$heacn§[§ﬁg”‘thlsc§§slldnc 'ItCL‘ﬁouIa_ IB@réE@érﬁ’ied $tlal 'd@ﬁe&@lngﬁ on

take the formof transition-netal silicide and may contai n nore

E e tr an%ﬂete'n%edl%htaiaycrl 174 €4\8d bé)&ﬁ&e{ Haa lgﬂp QdbsBbe 2 HBL@ thhia¥R rfor;ﬂ%é

formed by first depositing a thin conposite |ayer of netal, such

as tit amﬁgma £A98 fer th?ﬂut%g fhter-r % 408 Hith The d?lﬁer‘i)h[‘?g debdi@nitfcid ré'éld}lscapped

over the device, ’inc I ng the exposed surfaces of the sem conduct or

113 and the gate el ectrode 104. The device o N
[0029 In the preferred embodiments, metal 114 is a metal silicide. The metal silicide may

take the form of transition-metal silicide and may contain more than one transition metal. In one
preferred embodiment, metal layer 114 is formed by first depositing a thin composite layer of
metal, such as titanium, cobalt, nickel, tungsten, or the like with TiN capped, over the device,
including the exposed surfaces of the semiconductor 113 and the gate electrode 104. The device
is then annealed to form a silicide between the deposited metal and the underlying exposed
silicon regions (specifically source/drain regions and polysilicon gate electrode 104). The

C_) resulting metal silicide regions are illustrated as metal layer 114 in Figure 8. Preferably, the
resulting silicide layer 114 is in the range of 50 A to 500 A thick, although the desired thickness
is a matter of design choice. In yet another embodiment, silicide layer 114 could be formed by
the deposition of a silicide such as cobalt silicide or nickel silicide directly onto the surface of
source and drain regions and gate electrode 104 using known deposition techniques, such as

CVD.
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is then annealed to forma silicide between the deposited netal and

t he underlying exposed } silicon regions (specifically source/drain
regi ons and polysilicon gate el ectrode 104). The } resulting netal
silicide regions are illustrated as netal layer 114 in Figure 8.
Preferably, the resulting silicide layer 114 is in the range of 50 A
to 500 A thick, although the desired thickness is a matter of design
choice. In yet another enbodinent, silicide |ayer 114 could be forned
by the pmpoisitinhbma tifiktlicGildele0¢ B fagnsdodiadide 196 lis atdodernd onicakee!
silicide directly onto the surface of source and drain regions and

gate el egineaden 10¥4n teidagink oM a@eRasi. i Revib 8GR, GeatmnBlnbstas 108WhR
10 [0030] At the sane tine the silicide 114 is formed, silicide 116

is also (@niRdssed) D REreasdd KB ABIaAeE btbBibeh MelsiGideddiidnetdl Baida tiRref@gi ON.
In previous steps, the dummy substrate 108 has been recessed. This

I ncr easegedhdifs @k s4RRGACRIVRE thelshRidst dddchdaswiand metal wiring,
therefore redUC|ng the capacitance between the silicides and netal

wiring. [0031] As illustrated in Figure 9, an inter-level dielectric
(1LD) 11803L) 50 Aghestraisd & lfégﬂﬁvﬂ aﬂd%tﬂaleriﬁlélel@é&“a|<ﬂr9)é|1%é{SP|S%m%t% n%‘?’“
an Inter-Metal Dielectric (IMD) |ayer is depasited over the surf

of the cﬁSr%'EthMetq*rﬁlgleqnﬁfdP )é’rf ﬂ&i%errl\éeteld?feléﬁfl? GMED fayess dpRagiiedse
deposi ted usi ﬁi in on Coatin ﬂ PECVD, A HDPCVD, LPCVD,
or ot her S4iEFE © h‘b%ﬁ“tﬂeﬁ%% iItI? Bﬁeftlégllﬁrﬁowé@ona ¥ Rilicqn 9side sdopgsited using & &<

ventional ly silane-based silicon oxide, SIiON, SiN SOG doped
Cili con bYPuSBon Eiemies RECHDSHPPEYR. BRFUD, ormier retbiporederaise techniques

preferamdg rlses low-k material, for exanple, Fluorinated

Silicate (fFS@PPUSPW%V‘PﬁUG@@Y stlgngrteerdrinpR @Edy SiQkeayil, SOG, doped
silicon oxide or TEOS-based silicon oxide. The IL.D layer also preferably comprises low-k
material, for example, Fluorinated Silicate Glass (FSG), Polyimides, Hydrogen Silsesquioxane
(HSQ), Methylated Silsesquioxane (MSQ), Methylated Silica, Fluorinated Amorphous Carbon
(a-C:F), PTFE (Teflon), porous organics and porous Inorganics (Xerogels, Templated Silica).
This ILD layer 118 will provide insulation between the transistor and overlying metal wiring that
will be formed subsequently. A photo resist material (not shown) will be formed and patterned
over the ILD layer 118 in order to form contact openings to the source and drain regions and the

C) gate dielectric.

[0032] Figure 10 illustrates the integrated circuit after the exposed portions of the ILD 118

have been etched away, thus opening contact openings in the ILD dielectric layer.

[06033] Figure 11 illustrates the device after a metal plug 120 has been formed in the contact
openings. Metal plug 120 may be formed of tungsten, aluminum, copper, or other well-known

alternatives. Metal plug 120 may also be a composite structure, including, e.g., barrier and
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(HSQ, Methylated Sil sesqui oxane (M5Q, Methylated Silica,

Fl uori nat ed Anor phous Carbon (a-C F), PTFE (Teflon), porous organics
and porous Inorganics (Xerogels, Tenplated Silica). This ILD |ayer
118 will provide insulation between the transistor and overlying
nmetal wiring that wll be formed subsequently. A photo resist
material (not shown) will be formed and patterned over the ILD | ayer
118 in order to formcontact openings to the source and drain regions
and the a@akon diyek Gt dsGornlel 82 thniing tir@iuhOniirlde Ustah@ku@sSnidride, andbegy [afeed
circuit after the exposed portions of the ILD 118 have been etched
away, thyswepeni ng contact openings in the ILD dielectric |ayer.
[0033] Figure 11 illustrates the device after a netal plug 120 has
been forned in the contact Eenlngs Met al Iug 120 may be forned of
t ungst en [PBALni iyt BEEediim 422 bifpaed qa . SRt I PR Py

plug 120 al so he a conposite structure, includ , €. barrler
and 11 aaﬁéér%dqpai}téPéltanglaéwn%?éenffﬁmﬁ%atftscr ?ﬁstb%tﬁ’eﬁﬁﬁoﬁlg’t“}nfléa?‘ﬂ?naﬁﬁlt ri de
or tantalumnitride, and other |ayers as well 034] A nmetal wiring
fi | m 122 Prederatdy phoyt Hinmpleithographie &befolqamnwe%%fgnémwﬁﬁ?gm ﬂi"?fé‘lsed
sputtering deposits a titaniunmtungsten filmto a thickness between
20nm and 'Spda® thamefal Wriag 842abl y about 300nm Lit hographi c t echnol ogy
and Reactive lon Etching (RIE) are then used to pattern the netal

Wi ring 126035] 0035hofkH e pitkent MOerRioR SRNEs ddVMRANes Bive BB debcBibadlaiaddes
Zﬁie been descri bed in deta|I it should be understood that vari ous

nges, spdhRFiel dnblér'st@@cﬁth@t%n&lstcﬁﬁl%&d, QB AbnsA8d ABFRI0AEEAMIE made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be limited to the particular
embodiments of the process, machine, manufacture, and composition of matter, means, methods
and steps described in the specification. As one of ordinary skill in the art will readily appreciate
from the disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, prese'ntly existing or later to be developed, that perform
substantially the same function or achieve substantially the same result as the corresponding
embodiments described herein may be' utilized according to the present invention. Accordingly,

the appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.
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wi t hout departing fromthe spirit and scope of the invention as
defined by the appended clainms. Moreover, the scope of the present
application is not intended to be Ilimted to the particul ar

enbodi ments of the process, machi ne, manufacture, and conposition of
matter, means, nmethods and steps described in the specification. As
one of ordinary skill in the art wll readily appreciate fromthe
di scl osure of _the present invention, processes, machines,
nanufactuﬁ@HA%B%%b§#@$%ﬁ% of matter, neans, nethods, or steps,
presently existing or later to be devel oped, that perform
substantiélIf“fﬁgggﬁﬁﬂnyﬁﬁFFﬁﬂﬁ°8Pm55ﬁieve substantially the same
result as the correspondi ng enbodi nents described herein may be
utilized accoedlicogiutior subgraprlesiegt taprsudamej on. Accordingly, the
appended clains are intended to include within their scope such

processes, j . jit1 0 f : S,

et hods, o e asB e sefBRHAE! Hdhei B ATRAR AT or BB Lpn BRI
structure, conprising: a sem conductor substrate having a top
surface; PEEIae ingrihe segligpndisgir %58 ned ext endi ng from sai d top
surface of said sem conductor substrate into the sem conductor
substrate; a UMY siuRad FalR =RBMAN b 8RANRIBEh BiKIdSBEiths S6th déhamngd | €l d
regions fromrenmai ning portions of said sem conductor substrate,
wherein said dunmnmy. . substrate rgqion Bas,a,t%B surface recessed from
said top SOFPHCY P STRICL R VOt FOF R UL PRI SUBHACIRER L 2988 d
top surface of said dummy substrate region is substantially flat
across it surfuing tecebad; from said top surface of said semiconductor substrate, and wherein said

top surface of said dummy substrate region is substantially flat across its entirety;

a first silicide layer on said top surface of said dummy substrate region;

a normal active region separated by said isolation field regions from remaining
portions of said semiconductor substrate wherein said normal active region has a surface
that is substantially coplanar with said semiconductor substrate top surface;

a gate dielectric formed on said semiconductor substrate top surface and within said
normal active region; and

a gate electrode formed on said gate dielectric.

2. The integrated circuit structure of claim 1 further comprising:
a pair of spacers formed along opposite sidewalls of said gate electrode and said gate

dielectric;
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a first silicide layer on said top surface of said dummy substrate
region; a normal active region separated by said isolation field
regions fromrenmaining portions of said sem conductor substrate
wherein said normal active region has a surface that is
substantially coplanar with said sem conductor substrate top surface;
a gate dielectric forned on said sem conductor substrate top surface

and w thin sald.c AfHABhd é‘ﬁxtain‘éls%érﬁ%hl?é&?ig?al’i‘djncﬁmgl%@ve%g%& e[cﬁ)aqgl}tfségii med on

said gate dielectric. 2. The tegrated circult structure aim1l
further conprising: a pair of spacers forned al ong opposite sidewalls
of said g&f€ckrEder ode and said gate dielectric; 13 a source region
and a drain region formed in said nornmal active region adjacent said
gate el ectrofl@cond sRiRie N erSoinediofl €aill 83080 rég@dn R4 @Bin S&diich, Bfllkaid@ate €gi ON,

said drain region, and said gate electrode; an Inter-Level
Dielectric égkf» formed over said nornmal active region, said dumy
substrat e I°€%1%n and said isolation field regions;: a conductive plug
formed in said ILD and contacting said gate el ectrode; and a netal
wi ring | ayeranfloterybelebbickarid (ILDPforBed dileesaidroeyal atted regiang said dwimyuct ur e
of claim2 wherein said second silicide |ayer has a
substrate region and said isolation field regions;
a conductive plug formed in said ILD and contacting said gate electrode; and
a metal wiring layer formed on said ILD.
3. The integrated circuit structure of claim 2 wherein said second silicide layer has a
work function of between about 2.5 eV and about 6.0 eV.
4. The integrated circuit structure of claim 1 wherein said recessed top surface of said
dummy substrate region is recessed from said top surface of said semiconductor substrate
by about 2 nm to 500 nm.
5. The integrated circuit structure of claim 4 wherein said recessed top surface of said
dummy substrate region is recessed from said top surface of said semiconductor substrate
by about 10 nm to 200 nm.
6. The integrated circuit structure of claim 1 wherein said isolation field regions are

shallow trench isolation regions.

7. The integrated circuit structure of claim 6 wherein said shallow trench isolation
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wor k function of between about 2.5 eV and about 6.0 eV. 4. The
integrated circuit structure of claim1l wherein said recessed top
surface of said dummy substrate region is recessed fromsaid top
surface of said sem conductor substrate by about 2 nmto 500 nm 5.
The integrated circuit structure of claim4 wherein said recessed top
surface of said dummy substrate region is recessed fromsaid top

surface Ofre%?tﬂ'fé%esfﬁlml GRAGUGLO0 c%h&Bﬁélﬁgazf fater® s ﬁ}e‘dt&oﬂn%%{]oﬁ@co%ﬁgm@m 6.

The integra circuit structure of aim 1 rein sard atron
field regions_are _shallow trench isolation regions.

i nt egr at edSENtady Pf sidqop Xy gRmeandmItiaza, AGCORREIEEYT therrod agchahqrfawsaclﬁ’ ench
isolation 14 regions are filled with a material conprising a

mat eri al  sediRGitRAH Edihoh Reidhk BAlR aGeMEHiSTy R@weeaab@AD0RMAds500f Silicon,
oxygen, and nitrogen and conbi nations thereof, and wherein said

shal | ow tren Lsol ation .regi ons have p nitt Vi en about
0,05 and So. e rd iyt SRSy PBIF 1 Beriethiabt sk OBl "has o
Sem conductor-On-lnsulator structure. 9. The integrated circuit

structure sghctgb.ai m 1 wherein said sem conductor substrate is in a
formselected froma group consisting of single crystal, poly

crystal, gnd 1% | Se%-lthg rc&l?zl;treu]&g?e JrhmIl %&gin%%liﬁ Qéfﬁlgo ﬁﬁt{tt?{'%{ﬂw{rgteg)fl claim

1 wherein sai t1on regrons are orne ocal oxi gatl on

of silicon.
a form selected from a group consisting of single crystal, poly crystal, and amorphous.

10. The integrated circuit structure of claim 1 wherein said isolation field regions are
formed by local oxidation of silicon.
11.  The integrated circuit structure of claim 1 wherein said isolation field regions are air
isolation regions.
12.  The integrated circuit structure of claim 1 wherein:

said normal active regioﬁ and said dummy substrate region are spaced apart by about
1 nm to 1 pm;

said normal actiﬁe region has a size of between about 0.0001 um * and about 10000
um %; and

said dummy substrate region is recessed between about 2nm and 500 nm.
13. The integrated circuit structure of claim 1 wherein said gate electrode comprises a

material selected from the group consisting essentially of semiconductor, metal oxide and
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11. The integrated circuit structure of claiml1 wherein said
isolation field regions are air isolation regions. 12. The
integrated circuit structure of claim1 wherein: said normal active
region and said dummy substrate region are spaced apart by about 1
nmto 1 m said normal active region has a size of between about
0.0001 m 2 and about 10000 m 2; and said dummy substrate region is

recessed Qﬁ%x\ﬁ@%ﬂd ERfpiHa %&Br{‘ﬁe%?;@ aﬁ@@h&&h sét? gatd Dol £85HHoA0mAL LAY T

structure of ¢laim 1 wherein said gate el ectrode conprises a

material selected fromthe group consisting essentially of

seni condub#tren aheitalS 8% PdeVand 15 silicide, and combinations
thereof, and wherein said gate el ectrode has a work function between

about 2. 51andTHs ite@Mied ouit FRGthB bLGLiat18theEdin il demSohdiclobalstafte ighai m 1
wherein said sem conductor substrate is a conpound corrprl sing a

materi al sel ect(ﬁd fromt he oulg cdglgsi shF essenti al | IIo I i con,
carbon, g&VTREAP ?ﬁmp&éﬂf’ﬁﬂ‘ﬁi“’ geelaf Lo e BERYR fonsis) “tﬁﬁsﬁ‘}ﬁ"i Y|°ﬁa‘ 'ty
phosphorous, and conbinations thereof. 15. The integrated circuit
st r uct ur e caoborg fameanidm f gatiuhe arsendaypitiogénngumamnm) indiem; prevghorods,@hdct ri ¢
(ILD) formed over said gate el ectrode, said dummy substrate region

and said |sol.ation fleld regions; and

15. The integrated circuit structure of claim 1 further comprising:

an Inter-Level Dielectric (ILD) formed over said gate elecirode, said dummy
substrate region and said isolation field regions; and

a metal wiring layer formed on said ILD, wherein a space directly over said top
surface of said dummy substrate region but below said metal wiring layer is filled with
said ILD and said first silicide layer only.
16. The integrated circuit structure of claim 1, wherein an entire top surface of said first
silicide layer is lower than said top surface of said semiconductor substrate.
17.  An integrated circuit structure, comprising;:

a semiconductor substrate having a top surface;

isolation field regions occupying portions of said semiconductor substrate, wherein
said isolation field regions extend from said top surface of said semiconductor substrate

into the semiconductor substrate, and wherein said isolation field regions separate

16



a metal wiring layer formed on said ILD, wherein a space directly
over said top surface of said dumy substrate region but bel ow said
nmetal wiring layer is filled wwth said ILD and said first silicide
| ayer only. 16. The integrated circuit structure of claim1l, wherein
an entire top surface of said first silicide layer is |ower than
said top surface of said sem conductor substrate. 17. An integrated

circuit S}ankhﬁrﬁﬁg &ni@?%id%%ﬂ%nd%ﬁ%ﬁb&ﬁ&qh&%E@J regik}l%sctoﬁl?{iﬁné%‘&ﬂnﬁ% atop

surface; isolation regi ons occupyl ng portrons of sal

sem conduct or substrate, wherein  said isolation field regions extend
from sai d "4&3 28T 2EEe BEOBANY VETRR U AvRRLe9n Bat 4 4P srfapgiEersicHe

sem conduct or substrate, and wherein said isolation field regions

separ at e HomlseidBdp WulfecePPEdid @AscodfiuciakibsBfé conduct or substrate into
sub regions conprising a dunmy region and an active region, and

wher ei idd . eqi h t f. d f idt
surface of saf fuiiEONALE B CuBERralasd ATpRYEERET | ci e | ayer on

said top surface of said dummy region; a gate dielectric formed on
sai d top surfagae déleddd Grmseimncan thpctidace 9linst eaiconduntbr swbstrdie andsai d
active region; a gate electrode fornmed on said gate dielectric; an
Inter-Levg}itthQﬂjg& eir%io(nl LD) forned over said gate el ectrode, said
dummy region and said i5olation field regions; and

a gate electrode formed on said gate dielectric;

an Inter-Level Dielectric (ILD) formed over said gate electrode, said dummy region
and said isolation field regions; and

a metal wiring layer formed on said ILD, wherein a space directly over a top surface
of said dummy region and below said metal wiring layer is substantially filled with said
ILD and said first silicide layer.
18.  The integrated circuit structure of claim 17 further comprising;:

a source region and a drain region formed in said active region adjacent said gate
electrode;

a second silicide layer formed on said source region and said drain region; and

a conductive plug formed in said ILD and electrically coupled to said gate electrode.
19.  The integrated circuit structure of claim 17, wherein an entire top surface of said

dummy region is substantially fiat.
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a metal wiring layer formed on said ILD, wherein a space directly
over a top surface of said dumry region and below said netal wring
| ayer is substantially filled with said |ILD and said first silicide
| ayer. 18. The integrated circuit structure of claim 17 further
conprising: a source region and a drain region forned in said active
regi on adjacent said gate electrode; a second silicide |layer forned
on sai d seyr cendiglbaRd RS fhdud b G Mein M hiife GHRMMES driaP! ug
formed in said LD and electrically coupled to said gate el ectrode.
19. The integrated circuit structure of claim17, wherein an entire
top surf adst ghcidelayer ijawerhansgid ap sudace ghsaidssmicandupior pukstrate 7 20 The
integrated circuit structure of claim17, wherein an entire top
surface of said first silicide layer is |lower than said top surface
of said sem conductor substrate. 18
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