Integrated Circuit Structure and Method of Fabrication TECHNICAL FIELD [0001] This invention relates
generally to an integrated circuit, and more particularly relates to the forming of an integrated circuit using
dummy patterns. More specifically, the present invention relates to a method of forming an integrated
circuit without parasitic capacitance caused by dummy patterns. BACKGROUND [0002] Chemical
Mechanical Polishing fﬁwgﬁﬂicﬁi@f‘éﬁ%m}ﬁdﬁ?‘é PhdhSRneizet tasticafiiggnductor wafers. CMP
takes advantages of the synergetic effect of both physical and chemical forces for polishing of wafers. It
is done bj,l a&%ﬁmw force to the back of a wafer while it rests on a pad. Both the pad and wafer are
then courle e gl)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] Themistencelif pattaciv effelatdn finesabiglishadity MR pretasaad hasdyeeticvkillkitdwes A
so-called "micro-loading effect" problem occurs due to a difference in pattern density and degrades the
uniformityoahpatieningiz€an Thednicieileaidingefféchimpe fairsio Mqpbsperitendly, abeyiknghtpon
simultaneously etching or polishing a region of a higher pattern density and a region of a lower pattern
density: diune:toienditeranceaiméneatchivgtiolishing ¢atetedfcadilin Friolowparegiorcdpagnaticer, the amount
of reaction produced by the etching/polishing process becomes locally dense or sparse, and convection
of a largeammalby diineagtipntariaducts

Q

BACKGROUND

[0002] Chemical Mechanical Polishing (CMP) is a process that is used for the planarization
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
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-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, 1 this un-uniformity
causes a "dishing" effect on the surface of the circuit. "Dishing" means that the surface at a location with
lower pattern density was polished faster than the surface with higher pattern density, hence forming a

dish shaped shrianR: IOPHIkescouipiast kg afiarthdwermethpdraiechipiepllyhisediRe #aunpkze the

effective pattern density across the die. The first method is a process step known as reverse etch back,
which invalves-fasing a Bagkolipveiehhrekpaisad RiRas. whitepsachad imethadis i layeaicdesign step

known as dummy fill, where the circuit layout is modified and dummy patterns are added to locations with

low patteri-densityerhhRReding ffdmmynatieMmhripsderachieve uniform effective pattern density
across the wafer, therefore avoiding the dishing problem. [0005] Conventionally, such dummy patterns

are lefti after CMP. In the case where dummy patterns are conductive, they form parasitic
capacital Tt HESHATER ARG T PAPAHE SRR L5 SBETS B REeime delay
due to charging and.dischargi géim The scaling scheme of ILD and higher operatio ére uency for
advanced BIOCLIBE WATEI AR Livche A JMFAUE BRI RS T IEHY BTAGAR capacitance.
At the present stage of the develgpment of the integrated ¢ircuit art, there is an increasing demand in the
Fld of AT FRLE A G oy Tt ARG il QUSRS AL e A ST Rregratec
cicults gping nie RiSheS FAPuARSies. he R na elshaiRdlsed Sy RarRsiic saneeianss o

locations with low pattern density. The adding of dummy patterns helps to achieve uniform

effective pattern density across the wafer, therefore avoiding the dishing problem.

[0005] Conventionally, such dummy patterns are 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
circuits going into higher frequencies, the slowing effect produced by parasitic capacitance

becomes an increasing problem.



becomes an increasing problem. 2 SUMMARY OF THE INVENTION [0006] The present invention is
devised to solve the aforementioned parasitic capacitance problem, and it is the object thereof to provide
a method of making an integrated circuit by a CMP flattening process not accompanied by an increase of
parasitic capacitance between metal wiring and dummy patterns. [0007] The foregoing has outlined
rather broadly the features and technical advantages of the present invention in order that the detailed

descriptic%J Mé%&ﬁ.&#ﬁwé@%ﬁ&(ﬁ%%y 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 apprefigts] by thbseskidlednncth®att ihatisbé wandeptienéndmpadiiedpbodinenpadisehosed might be
readily utilized as a basis for modifying or designing other structures or processes for carrying out the
same puggobksnohildeiiradentbjeveditocn i tshoulidlalsmbdsd alizaakinstho dackiled virthé aytdhat such
equivalent constructions do not depart from the spirit and scope of the invention as set forth in the
appended¥iBifigt B R EécBE BG REEAHpMEFbHE inEAddé DiGS DR} dpacieancorieetormpleical
understanding of the present invention, and the advantages thereof, reference is now made to the
following wiesgripiibdstakepdtieconjunction with the

[0007] The foregoing has outlined rather broadly the features and technical advantages of
the present invention in order that the detailed description of the invention that follows may be
better understood. Additional features and advantages of the invention will be described
hereinafter, which form the subject of the claims of the invention. It should be appreciated by
those skilled in the art that the conception and specific embodiment disclosed 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.



accompanying drawings, in which: [0009] Figure 1 is a cross-sectional view of a portion of a conventional
integrated circuit with dummy patterns. [0010] Figure 2 is a cross-sectional view of a portion of an
integrated circuit fabricated 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. 4 DETAILED DESCRIPTION OF
ILLUSTR%%%%%%&HEN‘I%F[E% W%ﬁg and using of the presently preferred embodiments
are discussed in detail below. It should be appreciated, however, that the present invention provides
many applieédje inFentivecercepithandarnthademhadiecirewideanmibvatyaod speaificaaptexts. The
specific embodiments discussed are merely illustrative of specific ways to make and use the invention,
and do ndidimif, tidesaajed Oidkhenndentiahe 0043k devealpnetisadkehforminganiniegrated circuit is
described. The method solves the RC time delay problem caused by dummy pattern parasitic
capacitanceohtiidjifg gluses ihgiu siratesia conventional integrated circuit. Isolation field regions 4 are
formed in substrate 2. Isolation field regions 4 isolate and define active regions. Depending on where an

active regigipdy locajegl, 102 Actve, (eGonaIPIBIEd 2 A5 Gilhet angmakacive solot yhish has a rea

. d CIroSS
device formed-therein; or a ésummy substrate region, whic as dummy

with dummy patterns.

[0010] Figure 2 is a cross-sectional view of a portion of an integrated circuit fabricated

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.



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) 16 is deposited,
metal plug 20 is formed through the ILD 16, and then metal wiring 18 is deposited and patterned. Note
that dummﬁ ,arpatterns 8 are not removed. C%Eacitors 12 exist. between dummy patterns 8 and metal wiring

18, and bt Pl Gt k'l E%Xﬂ%ﬁ%ﬁ@?ﬁ%@paﬂm 12 contribute to the

degradation of the circuits. [0015] Figure 2 illustrates an integrated circuit formed by an illustrative
embodin{®0t 2f the diesenkingemdomsigeon i ipg deigly @rkfand igired2nentealeati suRyayipaierins 8 are
removed 5 from the circuit and dummy silicon substrate patterns 14 are formed recessed from the original
silicon sustdee. Theieltidafiprifiaasnt, pas ofepaiasitie grpaoitancatias freeilalimingtepplioddle] Figures 3
- 11 illustrate a preferred embodiment of the present invention. In Figure 3, substrate 100 is preferably a
semiconduatatics dosatpicrthivtare pretarbbdyedibstvate 1000 b npedfaf @imehk siliConsywafiic In other
embodiments, substrate 100 could be formed of other semiconductor or insulator materials comprising
silicon, carbenjigermsatiidmsghliemeasheiilastnitivageispaktifiinugs todiuie andhobp horegi@ubstrate 100
may be in the form of a single crystal or a compound. In order to improve the performance of the device,
substratend@disnqrieferabdysstipgngdhénotb@icembodiments, non-strained materials can also be used.
[0017] Isolation field regions 102 are formed on substrate 100. In the preferred embodiment,

[0013] A novel method of forming an integrated circuit is described. The method solves the

RC time delay problem caused by dummy pattern parasitic capacitance.

[0014] Figure 1 illustrates a conventional integrated circuit. Isolation field regions 4 are
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 dummy 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)
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 between 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 8 are removed



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 STl is a stressed sheet region, i.e., the structure of the STI

material ¢risseRea @S RNENAAYIDDHINGSIaeHIRBIANS4 licaBAtRArBLabRAIMeM (1R SHihiegions are
formed of bulk materials. In order to effectively isolate the active regions, the isolation field regions have

a minimumieePsnedRbOLie3Ofo8 s i RAR PLRTSF PRMAROBARR ithel MY bHeA LBk arather

embodiment, isolation regions 102 are formed by Localized Oxidization of Silicon (LOCQOS). A preferred
the act A Tbns. ARERK Ao SLB A A BUGF G R OSBRI SatiEted rom
rogions 102U OD PR LI BB G K Rk R Ao e B G R & BARdAHahe substrate
ntide mABUTHHEE By St A o I A RE AP e B BT AUAL e mask
has apertures co res%ondin% to the recessed pattern to be fornglt?ﬁg. Then, the subsfrate may be etched in

the conviSRGRAT HEEH R BNPSHG R TRE LA O PRR LA SR ARG § BRI i kiU, arsenic,

nitrogen, aluminum, indium, and phosphorus. Substrate 100 may be in the form of a single
crystal or a compound. In order to improve the performance of the device, substrate 100 is

preferably strained. In other embodiments, non-strained materials can also be used.

[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 STT 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 nm.

[0018] In another embodiment, isolation regions 102 are formed by Localized Oxidization
of Silicon (LOCQOS). A preferred embodiment of the LOCOS process is to pre-etch the active
region, then form a layer of Si3N4 covering the active regions. An oxidation step is then
performed. Regions covered with Si3Ny4 are protected from the oxidation, while exposed regions

form a layer of SiO..



[0020] As shown in Figure 3, isolation regions 102 are formed to isolate active regions. Active region 109
is a normal active region. Substrate region 108 is a dummy substrate region. Active regions 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 Inm - 10m by isolation field

regions 1@819nd tynicady NeveAi#d Ginaho ot 00 1810 AD I Me [PPRbl bPhINR GRNYE MGG Of

describing the invention, the same reference numbers are used to refer both to an active region and to its

outer dimgpgién GHieEANNEHSIANHO iR FUT iReQ Rsiha N PIMH RelVE REiIIMAPb{PEimension
108 is the surface of dummy substrate region 108. [0022] Figure 4 illustrates the forming of gates. A gate

dielectricygyemnsQctniRimes.PmaskRstate 4Q0idoNanvasibyidiarieiiRetiasik RiraledQ4: amlgrlielectric

layer 103 preferably comprises SiO2, oxynitride, nitride or other high-k materials. Gate electrode layer

104 is praferaiaiyopelysiicamaieauaitimayibs o merniupetehonaskampaperdisggucture comprised of
metal, semiconductor, metal oxide or silicide. Gate electrode layer 104 has a work function of about 2.5 -

6.0eV. Thegaip distpcisicnandgaialgactiade Bredhasipatiennad vsngdithegsaphydeehnalagy to form
gates. Gate electrodes may be formed in normal active regions, dummy 7 substrate regions and isolation

field regiopavéndishalesiipdeshioupe ehingurumy auhstdis RPN LB aaésplation field regions 102 are
dummy patterns. Figure 4 shows gate electrodes 106 which

[0020] As shown in Figure 3, isolation regions 102 are formed to isolate active regions.
Active region 109 is a normal active region. Substrate region 108 is a dummy substrate region.
Active regions 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 0.0001um?* - 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. Outer dimension 109 is the
surface of the normal active region 109. Outer 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



are formed in isolation field regions 102. [0023] As illustrated in Figure 5, a photo resist 110 is formed to
protect the normal active regions. To effectively protect active regions from being over etched, the photo
resist extends beyond the MOS transistors by about 10nm - 10m, and preferably by about 20nm-3um.
Photo resist 110 has a thickness between about 10nm and 5m, and preferably about 50nm-5m. [0024]

Figure 6 ipstrate sclecross SeriRMalime v gbite tiewiRted ictyimadtal thenddmubstRaltemIsAre
removed. In the preferred embodiment, dummy patterns 106 are preferably removed selectively by wet

etching UgIRG, AR GLERINGISRIYESIRKQbh Hcanathey sabadineent L RIGAIRABRY (eieoNdLGiaLin an

ambient filled with HBr+C12+02. Since outer dimension 108 is not protected by photo resist, the material

under outes girpessinnd PBidn elabedaasisatoopically. 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 d| n 108 an the Io the isolation |on 02 are different. The loss in isolation field region
102 1s abIRAb.so0AT I AR AR ot B %ng S dimBISHARIA TR Hetrodes 106

are removed aft cers 112 are formed (see Figure 0025] Inth f d bodi t, d
et ST TR A RS AR o gmﬁ% bk tog et gt %%ﬁn%rgéﬁ%n Himents,

dummy ubstrat n be .remoyved. bef e ate Iectro 04 i b, aft ele rode 104 is
formed, JFARE 1 WSLLBAR AT Hited Tob2a) ?sﬁ%%?ﬁe B L7 AL s P
removedrébsxlsstlsl Y\éellaléré%wn Irrlletsr;%etween about 10nm and Sum, and preferably about 50nm-5Sum.

[0024] Figure 6 illustrates the cross sectional view of the integrated circuits after the dummy
patterns are removed. In the preferred embodiment, dummy patterns 106 are preferably 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,+0O,. 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



photo resist may be removed in a tunnel reactor in the presence of the oxygen plasma. A pair of 8
spacers 112 is then formed along the sidewalls of the gate dielectric 103 and gate electrode 104.
Spacers 112 serve as self-aligning masks for a subsequent salicidation process, as described below.
The spacers 112 may be formed by well-known methods such as blanket depositing a dielectric layer

over the gpiiigJe@ioR inelifindcLhstaiacdd-andigsterrlestradelddfc thenamnisel eriaadeetohing to

remove the dielectric layer from horizontal surfaces and leaving the spacers 112. [0027] Figure 8

illustrates agdarmatiepvelthe souresianthaliaifoes Qnseidhe JaisRRAt SRR MQSiBeeme,
semiconductor 113 is epitaxially deposited to a thickness of about 400A - 600A. Semiconductor 113

forms the,spwce RN IENS Ohihe vesoitig MO ransisiemestbidSitern st wisskachas source and
drain region 113. A preferred method of forming semiconductor 113 is selective epitaxy. An SiO2 layer is

formed tQipp@risuDaF el B2 chIRenidasharRthenfimea 100gh S Keexpase GRukes/drain regions.
Semiconductor 113 is then epitaxially grown. Semiconductor 113 is preferably formed using Molecular

Beam EpitaxytréMBE) althaiioh etherdepogiiardecniisugsninotging Chemisah¥aparBenasition (CVD),
Ultra High Vacuum Chemical Vapor Deposition (UHVCVD), Atomic Layer Chemical Vapor Deposition
(ALCVD)spadvistal ©rganic Chemical Vapor Deposition (MOCVD) can also be used. Deposition
preferably occurs at a temperature in the range of 300C - 950C, and more preferably in the range of

450C t n
S0Cto ?&(?2%] a d 1gu e lljlg?rfll?esssﬂll %r]ﬁ%?lc@l-r rtrheI rs]c}Qrecge%(? Hram regions. For a raised

source/drain MOS scheme, semiconductor 113 is epitaxially deposited to a thickness of about
400A — 600A. Semiconductor 113 forms the source and drains for the 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
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 exposed, semiconductor 113 is grown epitaxially. On the SiO,
layer, a poly-crystal is formed. The poly-crystal and SiO, are then etched, leaving only the
source and drain and poly gate regions. Source/drain regions are finally defined by implant and

thermal annealing.



where a single crystal substrate is exposed, semiconductor 113 is grown epitaxially. On the SiO2 layer, a
poly-crystal is formed. The poly-crystal and SiO2 are then etched, leaving only the source and drain and
poly gate regions. Source/drain regions are finally defined by implant and thermal annealing. 9 [0028] As
illustrated in Figure 8, metal silicide 114 is formed over the source and drain regions and preferably over

gate eleqfppdg]104 as welkihhe tickp@sssohp@lalisdigide 114 fsrheafsiaphidesaihamhalerh500A. Metal

silicide 114 may be a transition metal or metal compound such as Nickel, titanium, cobalt, tungsten,

tantalum;fibhe Ak e RME ARar ARPERRIIRIG: coRdyGe MRtekiakAeRQTIIREMIiGhgmigaliyapor
Deposition (CVD), Physical Vapor Deposition (PVD) or other alternatives. Layer 114 will be referred to

interchangeabhbBsi&deialalRye500 A liciges i ayRe N hene P oI RGr S auUsSiaBtalt Shavidl bempeasaized

that, depending upon the embodiment, layer 114 could be either a metal layer, or could be a silicide that

was formg@hfremNiak@etahlayer thvahasipiaereasiah mitbritie UREeHYig-saRvcapsiapteseegions. [0029]
In the preferred embodiments, metal 114 is a metal silicide. The metal silicide may take the form of

transitionchigialtsilicigigeaiad dpsys e tainCRORadIaNpoe VaRsiion naata) |reRe predpsied embodiment,

metal layer 114 is formed by first depositing a thin composite layer of metal, such as titanium, cobalt,
nickel, tunpggtamidH the ke mithef Mtaapaesk. ovgethe AeNicee ioRikeing iheexaasasbsuifacas el the

semiconductor 113 and the gate electrode 104. The device is then annealed to form a silicide between
the deposited snataliRnit tagednel aitydbnguexpasedssion. It should be recognized that, depending upon

the embodiment, layer 114 could be either a metal layer, or could be a silicide that was formed

from a metal layer that has inter-reacted with the underlying semiconductor regions.

[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
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.

10



silicon regions (specifically source/drain regions and polysilicon gate electrode 104). The 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 oygugbe! siliciderdicaaily @REARBRiSLIARCA Dfis FoHIRR, AL HAIN FRIARS Athe@ih J@eirode 104
using known deposition techniques, such as CVD. 10 [0030] At the same time the silicide 114 is formed,

silicide 13thisrmlea iognadeieniay difensiaados I HievsinRypsulRiaifRfgaBstARreYRaUS steps, the
dummy substrate 108 has been recessed. This increases the distance between the silicides and metal

wiring, theseiaeR cseshicng dhe raRaciianGs helwean tbe Sibcitiesianshiaialywvine o[QRStiAs illustrated in
Figure 9, an inter-level dielectric (ILD) 118, also sometimes known as a Pre-Metal Dielectric (PMD) or an

Inter-MetadduigheatiicdpaB) dayepisviepasiiadionrs thel sufacaaidhe circuit. This ILD layer 118 is
conventionally silicon oxide deposited using, e.g., CVD, Spin on Coating, PECVD, HDPCVD, LPCVD, or

e vl o sl ectiones, The Lo loye cTElses oneniopal lene bpsedgloon,
SassauAbes YRS RS T BT D e IR B B s
Carbon surface of the circuit. This ILD layer 118 is conventionally silicon oxide deposited using, e.g.,
CVD, Spin on Coating, PECVD, HDPCVD, LPCVD, or other well known deposition techniques.
The ILD layer comprises conventionally silane-based silicon oxide, SiON, SiN, SOG, doped
silicon oxide or TEOS-based silicon oxide. The ILD 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

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.

[0033] 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

11



((x-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 gate dielectric. [0032] Figure 10

illustrates dResivicARRIRdGiERU AfieceraRRRRS RAEIINS At bRahldhavaReen IR away thus

opening contact openings in the ILD dielectric layer. [0033] Figure 11 illustrates the device after a metal
plug 120 Rasdpeen 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 11 adhesion layers, such as formed of titanium / titanium nitride or tantalum
niide. aHPSHler o Rk O] A e T T35 A0 LA SUHAELS: IS by using
sputtering. The. sputtering deposits a titanium/tungsten film to a thickness bet 20nm and 500nm,
el pre ST SR AEROB  THO A oAb S SR RS TR ET o CTE) S her used to

pattern the metal| wirin . [0Q35] Althqugh the present invention and jts adv es have been
Cescribed IR RoSh e cEPSi0L HP O RS LB O ST S e o be
made herein witho#t depei\rting frci%the spirit and scope of the invention as defined by the appended
claims. to patternt € metal wiring .

[0035] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be 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, presently 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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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, presently existing or later to be developed, that perform substantially the same function or achieve
substanti ‘%h%t(a@a R d the corresponding embodiments described herein may be utilized
according to the present invention. Accordingly, the appended claims are intended to include within their
scope suth procesaesgra@dhiitesit snacwiectai@poeimgpositions of matter, means, methods, or steps. 12
WHAT IS CLAIMED IS: 1. An integrated circuit structure, comprising: a semiconductor substrate having a
top surface; an issdatioonfiatddegibsttarhadiextengingrfrom said top surface of said substrate into the
substrate; a dummy substrate region separated by said isolation field regions wherein said dummy
substrate regions islinga fiepl sugiaaddhat dsesecadssedifsam dith pubstiate fopid yifbaejta inosnal active
region separated by said isolation field regions wherein said normal active regions have a surface that is
substantialhsea@ianar with said substrate top surface; a gate dielectric formed on said substrate top
surface and within said normal active

a dummy substrate region separated by said isolation field regions wherein said dummy

substrate regions having a top surface that is recessed from said substrate top surface;
a normal active region separated by said isolation field regions wherein said normal
active regions have a surface that is substantially coplanar with said substrate top surface;
a gate dielectric formed on said 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;
a source region and a drain region formed in said normal active region adjacent said gate
electrode;

a silicide layer formed on said source region, said drain region, said gate electrode, and said
recessed surface of said dummy substrate region ;

an Inter-Level Dielectric (ILD) formed on said normal active region, dummy substrate region
and isolation field region;

a conductive plug formed in said inter-level dielectric and contacting said gate electrode; and

a metal wiring layer formed on said inter-level dielectric.
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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; a source region and a drain region formed in said normal active region adjacent said gate
electrode; a silicide layer formed on said source region, said drain region, said gate electrode, and said

recessedssurfacerefifgigh shdmen stbetiaied 88 @RimAN WHaEeweh RiglRetittlePfeimesion said normal
active region, dummy substrate region and isolation field region; a conductive plug formed in said

inter-levelgielegtiic ARt AP acksmsaid fstenRlertrds:-andimunesalndr oK aysfidenanrdoen said
inter-level dielectric. 13 3. The integrated circuit structure of claim 1 wherein said semiconductor substrate

is selected from a group consisting of Semiconductor-On-Insulator and bulk semiconductor.. 4. The

integrateg circu'th:truc%tf::urr%to(fl claim 1 wherein lsaf'd rece ed.surf%ce of saH'dS dlfjmfr:ngfsullas&rate region is

recessed from said Pcl)p Grface 6 1staslttgluscu r:i‘:,t(r)at%e%y about 2 N to 500 nm. 5. The in %gra?élangrcuit

structure of claim 1 wherein said yecessed, surface of said dum ubstrate ion.is essed from said
o St e B BT i 1
wherein said semiconductor substrate is a

5. The integrated circuit structure of claim 1 wherein said recessed surface of said dummy

substrate region is recessed from said top surface of said substrate by about 10 nm to 200 nm.

6. The integrated circuit structure of claim 1 wherein said semiconductor substrate is a
compound comprising a material selected from the group consisting essentially of silicon,
carbon, germanium, gallium, arsenic, nitrogen, aluminum, indium, phosphorous, and

combinations thereof.

7. The integrated circuit structure of claim 1 wherein said semiconductor substrate is in a

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

8. The integrated circuit structure of claim 1 wherein the isolation field region is shallow

trench isolation.

0. The integrated circuit structure of claim 8 wherein said shallow trench isolation is filled
with a material comprising a material selected from the group consisting essentially of silicon,
oxygen, and nitrogen, and combinations thereof, and wherein said shallow trench isolation has a

permittivity between about 0.05 and 50.
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compound comprising a material selected from the group consisting essentially of silicon, carbon,
germanium, gallium, arsenic, nitrogen, aluminum, indium, phosphorous, and combinations thereof. 7. The
integrated circuit structure of claim 1 wherein said semiconductor substrate is in a form selected from a
group consisting of single crystal, poly crystal, and amorphous. 8. The integrated circuit structure of claim
1 whereinghe isplRtipieipldegiomisshaliavolrenal iSARIRM Sid he inedrated i tisivichdEengf claim 8
wherein said shallow trench isolation is filled with a material comprising a material selected from the
group copsigting@sasndpdyiadsilicon, oxygen, and nitrogen, and combinations thereof, and wherein said
shallow trench isolation has a permittivity between about 0.05 and 50. 14 10. The integrated circuit
structure of claim 1 wherein said isolation field region is formed by local oxidation of silicon. It. The

integrated circuifsirghiie o €Al LNPLein fne. Solelinn feld fenion s, n A1 fsolation,region. 12. The

integrated Circuit struc 0 m erein: said active region and sai umm§lg%sstar%te region are
spaced apart b%about Inm to 1 m; said active regions has a size of between about 0.0001 m2 and about
SO at region.
10000m2; an
12.  The integrated circuit structure of claim 1 wherein:

said active region and said dummy substrate region are spaced apart by about I1nm to
Tum;
said active regions has a size of between about 0.0001pum2 and about 10000pum?2; and

said dummy substrate region is recessed between about 2nm and 500nm.

13.  The integrated circuit structure of claim 2 wherein said silicide layer has a work function

between about 2.5 and 6.0eV.

14. 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
silicide, and combinations thereof, and wherein said gate electrode has a work function between

about 2.5 and 6.0eV.
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said dummy substrate region is recessed between about 2nm and 500nm. 13. The integrated circuit
structure of claim 2 wherein said silicide layer has a work function between about 2.5 and 6.0eV. 14. 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 silicide, and combinations thereof, and

wherein 33id gafe @lery®de HasiaNAIkfdnctioR-hRWRgs BRRYt 2.5 and 6.0eV. 15 15. A method of
forming integrated circuit comprising: forming isolation field regions on a semiconductor substrate

extending from g smifRCR Iht Rt SRS RIS iDHo. SRIdisHRSIEAR sIHming atadiplerdtica Qrfaaidosurface of
said substrate; forming gate electrodes on said gate dielectrics; forming a photo resist covering selected

said gatesgl@ctoaesantsaleciasdragions of said substrate; selectively etching said gate dielectrics and
gate electrodes not covered by photo resist; selective etching said regions of substrate not covered by

said photo resistyanfhol eMOVIPR Gsitth PRAAAT esisicd 6f The susthagof claim 15 further comprising: forming
a pair of spacers along opposite sidewalls of a non-etched gate electrode and gate
forming gate electrodes on said gate dielectrics;
forming a photo resist covering selected said gate electrodes and selected regions of said
substrate;
selectively etching said gate dielectrics and gate electrodes not covered by photo resist;

selective etching said regions of substrate not covered by said photo resist; and

removing said photo resist.

16. The method of claim 15 further comprising:

forming a pair of spacers along opposite sidewalls of a non-etched gate electrode and gate
dielectric;

forming source and drain regions on opposite side of said non-etched gate electrode and
gate dielectric ;

siliciding on said source and drain and said non-etched gate electrode;

forming an inter-level dielectric (ILD) over said non-etched gate electrode and said
source and drain;

forming an opening in said ILD;

forming a conductive plug in said opening; and

forming metal wiring on a surface of said ILD contacting said conductive plug.
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dielectric; forming source and drain regions on opposite side of said non-etched gate electrode and gate
dielectric ; siliciding on said source and drain and said non-etched gate electrode; forming an inter-level
dielectric (ILD) over said non-etched gate electrode and said source and drain; forming an opening in
said ILD; forming a conductive plug in said opening; and forming metal wiring on a surface of said ILD

contactingzsaid eaRekgH¥a piudaikb15whbRametedioteaimdbs whesritsrld algielamstodesspatdrotected
by said photo resist are fully removed. 18. The method of claim 15 wherein said gate electrodes not

protectediiy seidqato resist is partially removed. 19. The method of claim 15 wherein the thickness of
said non-etched gate electrodes is less than about 500nm. 20. The method of claim 15 wherein etched
said regions of substrate not covered by said photo resist are recessed to a depth of about 2-500nm. 21.

The metfigd of diim diierel Seid RIRIRPSIH SreRte RN IBPRea AR FSIRRIS R gat%
electrodes by about IOnmto 1Opm.

partially removed.

19. The method of claim 15 wherein the thickness of said non-etched gate electrodes is less

than about 500nm.

20. The method of claim 15 wherein etched said regions of substrate not covered by said

photo resist are recessed to a depth of about 2-500nm.

21. The method of claim 15 wherein said photo resist extends beyond respective said selected

gate electrodes by about 10nm to 10um.

22. The method of claim 15 wherein the step of selectively etching said gate dielectrics and

gate electrodes not protected by photo resist is by dry etching.

23. The method of claim 22 wherein the dry etching gas comprises a gas selected from the

group consisting essentially of HBr, O2, CI2, and combinations thereof.

24, The method of claim 15 wherein the step of selectively etching said gate dielectrics and

gate electrodes not protected by photo resist is by wet etching.

25. The method of claim 24 wherein the wet etching solution is KOH.
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22. The method of claim 15 wherein the step of selectively etching said gate dielectrics and gate
electrodes not protected by photo resist is by dry etching. 23. The method of claim 22 wherein the dry
etching gas comprises a gas selected from the group consisting essentially of HBr, 02, C12, and
combinations thereof. 24. The method of claim 15 wherein the step of selectively etching said gate

dielectrics@nd oaie RIRETOEsIRh PROIRRIRINMBNOSM IR SR RY it Bighite PRothegnrihiod of claim 24

wherein the wet etching solution is KOH. 17 26. The method of claim 15 wherein said isolation field region

is selected ki SfQURIkANSISHEE- RO RIRBIOWEME BRIERIA ORIl lesR! mddatinaiafisiicon, and air isolation.
18
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