Complementary Field-Effect Transistors and Methods of Manufacture [0001] This application claims
the benefit of U.S. Provisional Application No. 601526,133 filed on December 1, 2003, entitled
Complementary Field-Effect Transistors and Method of Manufacture, which application is hereby
incorporated herein by reference. TECHNICAL: FIELD [0002] The present invention relates generally
to semiconductor devices, and more particularly, to complementary field-effect transistors and
methods of manufacture. BACKGROUND [0003] Size reduction of metal-oxide-semiconductor
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TECHNICAL FIELD

[00(}2} The present invention relates generally to semiconductor devices, and more

particularly, to complementary field-effect transistors and methods of manufacture.

BACKGROUND

(00637 Size reduction of metai-oxide-semiconductor field-effect transistors (MOSFET),
i.n_c]uding reduction of the gate length and gate oxide thickness, has enabled the continued
improvement in speed, performance, density, and cost per unit function of integrated circuits
over the past few decades. To further enhance transistor performance, strain may be introduced,
in the transistor channel for improving carrier mobilities. Generally, it is desirable to inducé a
tensile strain‘in the n-channel of an NMOS transistor in the source-to-drain direction, and to
induce 2 compressive strain in the p-channel of 2 PMOS tramsistor in the source-to-drain
direction. There arc several existing approaches of introducing strain in the transistor channel

region.

[0004] In one conventional approach, as described in a paper by J. Welser et al,, entitled
“NMOS and PMOS Transistors Fabricated in Strained Silicon /Relaxed Silicon-Germanium

Structures,” published at the December 1992 International Electron De¥ices Meeting held in San



Structures,” published at the December 1992 International Electron Devices Meeting held in San 1
Francisco, CA, pp. 1000-1002 and incorporated herein by reference, a relaxed silicon germanium
(SiGe) buffer layer is provided beneath the channel region. The relaxed SiGe layer has a larger lattice
constant compared to relaxed Si, and the layer of Si grown on the relaxed SiGe will have its lattice
stretched in the lateral direction, i.e., it will be under biaxial tensile strain, Therefore, a transistor
formed on the epitaxial strained silicon layer will have a channel region that is under biaxial tensile

strain. In %is ap%rq(?ch, the 6$Iaxed SiGe buffer layer can be thought of as a_stressor that introduces
strain in th&2BRA et ot VP HE & ABE dBrorpormt ariypriesgBelowattdsitansigtanatiannel region.

[0005] This approach is very expensive because a SiGe buffer layer with thickness in the order of
micromet&?d gg‘l@%@%ﬁ/ﬂ?%ﬁﬁé}@@@@@mw@m@ BlaxdexSi SiCbutfer e lepist and some
of these dislocations propagate to the strained silicon layer, resulting in a substrate with high-defect
density. THECHRBSHBhromEATSH Netitad Shsatidathateyee el 6d gmensh drddunchmestaimaterial
properties. [0006] In another approach, strain in the channel is introduced after the transistor is
formed. litstifisiGprsdicn imthidrstlabedilon s doimeitl byendecsimplpiadi kansistonstysiurg formed ina
silicon substrate. The high stress film or stressor exerts significant influence on the channel, modifying
the silicoriraxtgter Spanid girtibepitariahetapgioniednd st iR :SHEi RedN ar is under '

biaxial tensile strain. In this approach, the relaxed SiGe buffer layer can be thought of as a

stressor that introduces strain in the channel region. The stressor, in this case, 15 placed below

the transistor channel region.

{0005] This approach is very expensive because a SiGe buffer layer with thickness in the
order of micrometers has to be grown. Numerous dislocations in the relaxed SiGe buffer layer
exist and some of these dislocations propagate to the strained silicon layer, resuliing in a
substrate with high-defect density. Thus, this approach has limitations that are related to cost

and fundamental material properties.

[0096] In another approach, strain in the channe! is introduced after the transistor is formed.
In this approach, a high stress film is formed over a completed transistor structure formed in 2
silicog substrate. The high stress film or stress‘c.:;r e;;erts significant influence on the channel,
modifying the silicon lattice spacing in the channel region, and thus int%oducing strain in the
channel région. In this case, the stressor is placed above the completed transistor structure. This
scheme is described in detail in & paper by A. Shimizu et al., entitled “Local mechanical stress
control (LMC): a new technique for CMOS performance enhancement,” published in pp. 433-
4?36 of the Digest of Technical Papers of the 2001 International Electron Device Meeting, which

is incorporated herein by reference.



channel region. In this case, the stressor is placed above the completed transistor structure. This
scheme is described in detail in a paper by A. Shimizu et al., entitled "Local mechanical stress control
(LMC): a new technique for CMOS performance enhancement,” published in pp. 433- 436 of the
Digest of Technical Papers of the 2001 International Electron Device Meeting, which is incorporated
herein by reference. 2 [0007] The strain contributed by the high-stress film is believed to be uniaxial in
nature with a direction parallel to the source-to-drain direction. However, uniaxial tensile strain
degrades@nﬁgilole Ig:lgbilit while, uniaxial. compressive strain degrades the electron mobility. lon
implantation  of germ&m CERRYEL By 5 Sighesiran filaraxbelis el arbe srhaaietie ties ovigilectron
mobility is_not degraded, but this is difficult to implement due to the close. proximity of the n-channel
and p- ch%ﬁﬁ%‘f‘&P&g 5o eSRurSF O Hare direstime Fovevaremiisil wnelicossieiegtides method to
induce straip such that the performance characteristics of transistors are enhanced. 3 SUMMARY OF
THE INVI?RF‘? %bﬁé{lW%?éaéﬁW@n@ﬁwwmméegmwmmm.swadpmir@itmmvented,
and technical advantages are generally achieved, by embodiments of the present invention, which
provides S&fHFEREHBerrIdSIRGE ordlsviveloriiaprinethn opdiating ieheracliesisticsmebihe i
semiconductor device and a method of manufacture.

not degraded, but this is difficult to implement due to the close, proximity of the n-channel and p-

channel transistors. Therefore, there is a need for an efficient and cost-effective method to

induce strain such that the performance characteristics of transistors are enhanced.



[0008a] In one aspect, there is provided a semiconductor device comprising: a substrate; a transistor
having a gate electrode and a source/drain region formed on the substrate such that current flow
through the source/drain region is substantially along a <100> crystal orientation of the substrate; a
dielectric formed on the sides of the gate electrode and on top of the substrate adjacent to the gate
electrodéLAAMARYiCItd IPb oA HREBY on the surface of the substrate below the dielectric. [0008b] In
another aspect, there is provided a semiconductor device comprising: a substrate having a first
semicon mEEPRarIVtAtheHRioRIgIEe BonetaRtANd elYerbmP SEmMRoHEIERIE N 4tetidl with a
second lattice constant, and one or more field-effect transistors formed on the second semiconductor
material iaxiteeaindraniegerere fisneialsuasbiaridally siohedimenes oDheanpseal rsnialiofOD08C] In
another aspect, there is provided a semiconductor device comprising: a substrate having a first silicon
layer, a mstasides SijstdBedlaymicondtedirdtsiticon laysevaribicaseained dilicorerdayer ohtiite relaxed
Sij_<Gex layer; and one or more field-effect transistors formed on the strained silicon layer, wherein
the currentficwisictiondp sicbstahtiatiythod «fi O@rudagstat orientation. [0008d] In another aspect, there is
provided a semiconductor device comprising: a substrate; a first transistor formed on the substrate,
the first fi@0eSatoihaningspelitsilgadds plecthadeaanthadiksicseuksade rainpiegign thedirskiransistor being
oriented such that current flow through the first source/drain region is substantially along the <100>
crystal ransistor having a gate electrode and a source/drain region formed on the substrate such that

current flow through the source/drain region is substantially along a <100> crystal orientation

of the substrate; a dielectric formed on the sides of the gate electrode and on top of the substrate

adjacent to the gate electrode; and a silicide portion formed on the surface of the substrate

below the dielectric.

[0008b] In another aspect, there is provided a semiconductor device comprising; a substrate

having a first semiconductor material with a first lattice constant and a second semiconductor

material with a second lattice constant, and one or more field-effect transistors formed on the

second semiconductor material, wherein the current flow is substantially along the <100>

crystal orientation.

[6008¢] In another aspect, there 1s provided a semiconductor device comprising: a substrate
having a first silicon layer, a relaxed Si;.Gey layer on the first silicon layer, and a strained silicon
layer on the relaxed Si;Gey laver; and one or more field-effect transistors formed on the strained
sificon layer, wherein the current flow is along substantially the <100> crystal orientation.

[0008d] [n another aspect, there is provided a semuconductor device comprising: a
substrate; a first transistor formed on the substrate, the first transistor having a first gate
electrode and a first source/drain region, the first transistor being orienied such that
current flow through the first source/drain region is substantially along the <100> crystal

orientation of the subsirate; and a second transistor formed on the subsirate, the second
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orientation of the substrate; and a second transistor formed on the substrate, the second 4 transistor
having a second gate electrode and a second source/drain region, the second transistor being
oriented such that current flow through the second source/drain region is substantially along the
<100> crystal orientation of the substrate; wherein each of the first gate electrode and the second
gate elettrodettrabevspaeerscfonnedcatdriside athk aspacedssofithe dirgntragsistdhbeivgrdrger than the
spacers of the second transistors, and wherein at least one of the first transistor and the second
transistordisisos peder o fonmtrstsuhobet s witiit 8 redgivewiitikesigbetrduraddeinl repive &mbodiment, a
semiconductor device is provided on a substrate wherein the current flow is substantially along the
<100> crybrsmridhtationcofithe Kibswatetaiosiisidaoregichermpticaformbersabeashtidlihalong the
surface of the substrate beneath the spacers. [0010] In another embodiment, a semiconductor device
is providétthaaiingladirederandisher segwid gelcorldoiradsistores sietr ehatithe edidkemicfioli: id1gubstantially
along a <100> crystal orientation of the substrate. The spacers of the first transistor may be larger
than thesppawereichahssduonsratsisolageishan shponivarsfattivasicond vhusisiopacers of the first
transistor and the spacers of the second transistor may be formed over a silicided region. [0010a] In
another adpest shéesisopeovidbel arshativesof farthihe weuritonsigtiohaevicecetsdaraedod

comprising: providing a substrate; forming a transistor on the substrate, the
above a silicide region of the substrate.

[0009] In one embodiment, a semiconductor device is provided on a substrate wherein the
current flow is substantially along the <100> crystal orientation of the substrate. A silicide
region may be formed substantially along the surface of the substrate beneath the spacers.

[0616] In another embodiment, a semiconductor device 1s provided having a first transistor
and a second transistor such that the current flow is substantially along a <100> crystal
orientation of the substrate. The spacers of the first transistor may be larger than the spacers of
the second transistor. At least a portion of at least one of the spacers of the first transistor and
the spacers of the second transistor may be formed over a silicided region.

[0010a] In another aspect, there is provided a method of forming a semiconductor device,
the method comprising: providing a substrate; forming a transistor on the substrate, the
transistor having a gate electrode and spacers formed alongside the gate electrode; and
forming a silicided region along the surface of the substrate such that at least a portion of
the silicided region extends beneath the spacers, wherein current flow through a
source/drain region of the transistor is substantially along a <100> crystal orientation of
the substrate.

[06010b] In another aspect, there is provided a method of forming a semiconductor device,
the method comprising: providing a substrate; forming a first transistor on the substrate

such that current flow through a source/drain region of the first transistor 1s substantially
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transistor having a gate electrode and spacers formed alongside the gate electrode; and forming a
silicided. region along the surface of the substrate such that at least a portion of the silicided region
extends beneath the spacers, wherein current flow through a source/drain region of the transistor is
substantially along a <100> crystal orientation of the substrate. [0010b] In another aspect, there is
providediamethdd®f foystaipasemicordietondevide, theeméthodistmprising aproviding a substrate;
forming a first transistor on the substrate such that current flow through a source/drain region of the
first transistoits sulsstarftiallppaee altmyed <dl0fgsisiy gted briginatiorlofitie sulstratenthe first transistor
having a first gate electrode and a first spacer formed alongside the first gate electrode; and forming a
second tenesistonsisthicosubstratstsuetsublatimircorefiofionrbugheh scarcetdtsim megion of the second
transistor is substantially along a <100> crystal orientation of the substrate, the second transistor
having dlsesondgawnsisotrodeubsidraigécotmhgpatérformesiablonysideoid Secortigite electrode,
the second spacer being smaller than the first spacer, wherein a silicide region is formed substantially
along théhsurfacedoftirsigourbeydrain regiondsgels tkiacaokasis porsinewt thigpstiicidensegion extends
beneath at least one of the first spacer and the second spacer. 10010€] In another aspect, there is
providedvazgsmdiconducenoddvirséecolegitigingthg sccond spacer being smaller than the first

spacer, wherein a silicide region is formed substantially along the surface of the
source/drain region such that at least a portion of the silicide region extends beneath at
least one of the first spacer and the second spacer.

[6010c] In another aspect, there is provided a semiconductor device comprising: a
substrate; a transistor having a gate electrode and a source/drain region formed on the
substrate: a low-K dielectric formed over the substrate and the gate electrode; and a
silicide portion formed on the surface of the substrate below the dielectric; wherein the
semiconductor device includes a first region and a second region, the first region
comprising microelectronics devices and a plurality of metal layers, the sécond region
comprising at least one metal layer, and the second region further comprising a die-saw
edge and a clearance area, the clearance area being an area of without a top metal layer
over the substrate.

{0011} In still vet another embodiment, a method 1s provided to form a semiconductor
device. The method may include the sieps of providing a substrate, forming on the substrate a
transistor having spacers along the side of a gate electrode, and forming a silicided region
substantially along the surface of the substrate such that at least a portion of the silicided region
extends beneath the spacers. The transistor may be formed such that current flow through the
source/drain region of the transistor 1s substantially along the <100> crystal orientation of

the substrate.

4b



substrate; a transistor having a gate electrode and a source/drain region formed on the substrate: a
low-K dielectric formed over the substrate and the gate electrode; and a silicide portion formed on the
surface of the substrate below the dielectric; wherein the semiconductor device includes a first region
and a second region, the first region comprising microelectronics devices and a plurality of metal
layers, the second region comprising at least one metal layer, and the second region further
comprising a die-saw edge and a clearance area, the clearance area being an area of without a top
metal layer over the substrate. [0011] In still yet another embodiment, a method is provided to form a
semiconfiE@r deieeattiemeethatineay incleteithemiepeoipoMidingmpuhsiate iQkming on the
substrate a transistor having spacers along the side of a gate electrode, and forming a silicided region
substantigiipafolig trasitefand Dfdtadsivsitate Biohdhat aideastapogion of the silicided region
extends beneath the spacers. The transistor may be formed such that current flow through the
source/dia régrondngtesabsirsistdoiming ot dntinibg wderg fifve kORISR arigpiatiameh the
substrate. 4b [0012] In yet another embodiment, a method is provided to form a semiconductor device

having aafirsg thansistér dinst gasedecitbtransistha: Iﬁlﬁcﬂﬂﬁﬂi\@ﬁﬂﬁ@@h'ﬂ@ﬂiﬁ'&%ﬁ%&%@émwmng a

substrate, forming on the substrate a first transistor having a spacer formed
transistor is substantially along the <100> crystal orientation of the substrate: forming on the
substrate a second transistor having a second spacers formed along the side of 2 second gate
electrode, the second spacer being smaller than the first spacer, and forming & silicided region

subs;antially along the surface of the substrate such that at least 2 portion of the silicided region

extends beneath at least one of the first spacer and the second spacer.



along the side of a first gate electrode such that current flow through a sourceldrain region of the
transistor is substantially along the <100> crystal orientation of the substrate; forming on the substrate
a second transistor having a second spacers formed along the side of a second gate electrode, the
second spacer being smaller than the first spacer, and forming a silicided region "substantially along
the surface of the substrate such that at least a portion of the silicided region extends beneath at least
one of the first spacer and the second spacer. 5 BRIEF DESCRIPTION OF THE DRAWINGS [0013]
For a more complete understanding of the present invention, and the advantages thereof, reference is
now madﬁl@ﬁ@ﬁ@@i@@mﬁ*ﬂ@m@ conjunction with the accompanying drawings, in
which: [0014] FIGS. la-le are cross-section views of a wafer after various process steps in accordance
with one embodiment of the present invention; [0015] FIG. 2 illustrates a wafer in accordance with one
embodim@fiBf the et arardrsasipien; udd-{00dBE RIS Peoddtiliostnsite stmictheesiofmagamiconductor
die of a wafer in accordance with one embodiment of the present invention. 6 DETAILED
DESCRIREION Ofetnct) BTN TiMEEV BO DNbEME Jescriptions taken in conjunction with the

accompanying drawings, in which:

[0014]  FIGS. la-le are cross-section views of a wafer afier various process steps in

accordance with one embodiment of the present invention;

( [0015] FIG. 2 illustrates a wafer in accordance with one embodiment of the present

invention; and

[0616] FIGS. 3a-3d fllustrate structures of a semiconductor die of a wafer in accordance

with one embodiment of the present invention.



[0017] The making and using of the presently preferred embodiments are discussed in detail below. It
should be appreciated, however, that the present invention provides many applicable inventive
concepts that can be embodied in a wide variety of specific contexts. The specific embodiments
discussed are merely illustrative of specific ways to make and use the invention, and do not limit the
scope of the invention. [0018] FIGS. la-le illustrate a first method embodiment for fabricating strained
channel regions of transistors in a semiconductor chip. Embodiments of the present invention
illustrated herein may be used in a variety of circuits. For example, embodiments of the present

invention&@gmﬁy%gﬁi#@ﬁ 6'15%{ ?{ﬂm@ ' , inverters, XOR gates, NAND
gates, PMOS transistors tor pghg-uptraht%ls of, ra?ms or for pull-down transistor, and the like.

[0019] Referring first to FIG. 1a, a wafer 100 is shown comprising a first transistor 102 and a second
transistor @94 ¥ormdéeonakisybstrategldfuhérptiemhefetfark ¢ mbladiment dhaiBubstdie 430 comprises
bulk silicon having a crystal orientation of <100>. Alternatively, the silicon substrate 110 may be an

active layeof 2 beholddriduptntamein Sulatos( SQI Jisupayateindhis abermativeombordiment, the active
layer of the SO! comprises silicon having a crystal orientation of <100> formed on an insulator layer.

The insulaiemiayecomaytbenalaraexaraplesdeBuriedaxide (BOX) daxenormeiiconaxide layer. The
insulator layer is provided on a substrate, typically a silicon or glass substrate, but preferably a silicon

substratechasifigenerintakerenation pimkhaiv. [Q0ZRkn- angiher AMPARIMRN g Rihsirate 1101s a

multi-layered structure, wherein the
and do not Limit the scope of the invention.

( o [0018] FIGS. la-le iilustrate a first method embodiment for fabricating strained channel
regions of transistors in a semiconductor chip. Embodiments of the present invention illustrated
herein may be used in a variety of circuits. For example, embodiments of the present invention
may be utilized to form circuits for NOR gates, logic gates, inverters, XOR gates, NAND gates,

PMOS transistors for puli-ap transistor, NMOS transistor for pull-down transistor, and the like.

{00191  Referring first to FIG. la, 2 wafer 100 is shown comprising a first transistor 102 and
a second transistor 104 formed on a substrate 110. In the preferred embodiment, the substrate
110 comprises bulk silicon having a crystal orientation of <100, Alternatively, the silicon
substrate 1‘10 may be an active layer of a semiconductor-on-insulator (SOI) substrate. In this
alternative embodiment, the active layer of the SOI comprises silicon having a crystal orientation
of <100> formed on an insulator layer. The insulator layer may be, for example, a buried oxide
(BOX) layer or a silicon oxide layer. The insulator layer is provided on a substrate, typically a

silicon or glass substrate, but preferably a silicon substrate having a crystal orientation of <110>,

(0020 In another embodiment, the substrate 110 is a multi-layered structure, wherein the

layers have different natural lattice constants. One such type of substrate is a graded silicon-



layers have different natural lattice constants. One such type of substrate is a graded silicon- 7
germanium (Site) substrate with a strained silicon surface layer. Generally, a graded SiGe layer is
formed on a bulk silicon layer, and a relaxed SiGe layer overlies the graded SiGe layer. The relaxed
Sii_XGex layer, wherein xis preferably 0.1<x<0.5has a larger natural lattice constant than that of
silicon. Relaxed crystalline silicon is said to be lattice-mismatched with respect to relaxed crystalline
SiGe due to the difference in their lattice constants. As a result, a thin layer of silicon that is epitaxially
grown on the reJax?) ié{ia(;e Ia%% WM under biaxial tensile strain because the lattice of the thin layer
to ali

of silicon f&5fCed” S YR PiRESERpg sHisRSrrEarskaRn st ligy R Ertdeth Gnisstiment, it is
preferred.t tthgsstra'n d sjlicon has a crystal orientation of <100>. [0021] Another multi-layered
substrate!t SRS S SIEGR RERimyd Firelaned Hidle datierovsaliar dbn rededobiGie layer Having a second
natural lattice constant js formed on the first layer. The first layer may be formed of an alloy
semicond@@sf ShSiensat ShTRBAdE BBl abIF Sk soththaemrsaeidurseos] lattitectitsa tiaexample, the
first layer may be formed of SiGe, and the second layer may be formed of Si or a layer containing
Ge/C. In theistf railifftayBebiged psstelios, thiscuifagidrdudhnbicofitbestimdedturiasedayer is less
than about 1nm. [0022] Isolation regions, such as shallow trench isolations 112, may be formed in the
substraterdl@gedrrsteing §i( dre kribewlifimehcsidticithetactcihimnnddstoediihatiofieydsetation

silicon that 1s epitaxially grown on the relaxed SiGe layer will be under biaxial tensile strain

because the lattice of the thin layer of silicon is forced to align to the lattice of the relaxed
( crystaliine SiGe layer. In this embodiment, it is preferred that the strained silicon has a crystal

orientation of <1005,

[6021] Another multi-layered substrate comprises a first layer having a first natural lattice
constant. A second iayer_having 2 second natural lattice constant is formed on the first laver.
The first layer may be formed of an alloy semiconductor, an element semiconductor, &
compound semiconductor, or the ke, For cxample, the first layer may be formed of SiGe, and
the second layer may be formed of Si or a layer containing Ge/C. I these multi-layered

substrates, the surface roughness of the strained surface Jayer is less than about Inm.

10022] Isolation regions, such as shallow trench isolations 112, may be formed in the
substrate 110. The STIs 112 are known and used in the art. It is understood that other isolation
structures, such as field oxide {e.g., formed by the local oxidation of silicon) may be used. It

should also be noted that the STI 112 may induce 2 tepsile stress on the wafer 100.

[0023] A gate dielectric layer 114 and a gate electrode 116 are formed and patterned as is
known in the art on the substrate 110. The gate dielectric 114 is preferably a high-X dielectric

material, such as silicon oxide, silicon oxynitride, silicon nitride, an oxide, & nitrogen-containing



structures, such as field oxide (e.g., formed by the local oxidation of silicon) may be used. It should
also be noted that the STI 112 may induce a tensile stress on the wafer 100. [0023] A gate dielectric
layer 114 and a gate electrode 116 are formed and patterned as is known in the art on the substrate
110. The gate dielectric 114 is preferably a high-K dielectric material, such as silicon oxide, silicon
oxynitride, silicon nitride, an oxide, a nitrogen-containing 8 oxide, a combination thereof, or the like,
Preferably, the gate dielectric 114 has a relative permittivity value greater than about 4. Other
examples fcfféu%hcgﬂﬂ}ﬁ 'ﬁgﬁ iﬁ)% gxlu[miri '?e {gntkﬁin oxide, hafni oxide, zirconium
oxide, hai%glurﬁ oxynitrldge, or com inationshgﬁer%g%,sfa %4} %%%ee 61:‘8 edrirrécd %r}% 3Sdi?nré3¥1 iy which the
gate dielectyi tl@,y Jﬂﬁ compri an oxi edﬁﬁer the gate dielectric la r.1]§f may be formed by any
oxidation %erocessfg[suc ‘oS v%/%'{ (%ﬁasnd%g%telrpma o%abéﬁg\ﬁﬁ‘? 8 %ﬁbf&ﬁ?&%ﬁﬁ ﬂ%%’lﬂ%&% H20, NO,
or a combination thereof, or. by chemical vapor depositi gogg_%/D) techniques using,is |

tetra—ethy?—%?i o{%fsllhca:%‘%gl P SRS AeY &ﬁ ol W?Weoﬁp@fgﬁédoéﬁ%%ﬂ%@ﬁﬁ the gate
dielectric | e(réél_ﬂr is about 8 A to about 50 A in-thickness, but more preferably about 16 A in
thickness.t%ﬁ ] The gate electrode 116 preferably comprises a conductive material, such as a metal
(e.g., tantalum, titanium, molybdenum, tungsten, platinum, aluminum, hafnium, ruthenium), a metal

silicide (efgozdianiuty siichidecabathisicita: mickelsilicideaiamtelumisiigde) 1 2 Baitses an

oxide layer, the gate dielectric layer 114 may be formed by any oxidation process, such as wet or

dry thermal oxidation in an ambient comprising an oxide, H»O, NO, or a combination thereof, or

. "‘/—‘\‘.

by chemical vapor deposition (CVD) techniques using is tetra-ethyl-ortho-silicate (TEQS) and
oxygen as a precursor. In the preferred embodiment, the gate dielectric layer 114 is about 8 A to

about 50 A in thickness, but more preferably about 16 A in thickness.

0025} The gate electrode 116 preferably comprises a conductive material, such as a metal
(e.g., tantalum, titanium, molybdenum, tungsten, platinum, aluminum, bafnium, ruthenium), a
metai silicide (e.g., titanium silicide, cobalt silicide, nickel silicide, tantalum silicide), a metal
nitride (e.g., titaniurn nitride, tantalum nitride), doped poly-crystalline silicon, other conductive
materials, or a c;ombination thereof. 'l‘I'n one example, amorphous silicon is deposited and
recrystallized to create poly-crystalline silicon (poly-silicon). In the preferred embodiment in
which the gate electrode is poly-silicon, the gate electrode 116 may be formed by depositing
doped or undoped poly-silicon by low-pressure chemical vapor deposition (LPCVD) to a

thickness in the range of about 400 A to about 2500 A, but more preferably about 1500 A.

[0626] The gate dielectric 114 and the gate electrode 116 may be patterned by
photolithography techniques as is known in the art. Generally, photolithography involves

depositing a photoresist material, which is then masked, exposed, and developed. Afier the



nitride (e.g., titanium nitride, tantalum nitride), doped poly-crystalline silicon, other conductive
materials, or a combination thereof, In one example, amorphous silicon is deposited and recrystallized
to create poly-crystalline silicon (poly-silicon). In the preferred embodiment in which the gate electrode
is poly-silicon, the gate electrode 116 may be formed by depositing doped or undoped poly-silicon by
low-pressure chemical vapor deposition (LPCVD) to a thickness in the range of about 400 A to about
2500 A, but more preferably about 1500 A. [0026] The gate dielectric 114 and the gate electrode 116
may be p tolithography i S| wi. | art. olithography
involves p%%t%%ggﬁn%%%s%E%g%%%%ﬁm%%e?%@ﬂ\gh?)étlﬁ % h?ﬁ%r%%sé‘g@?@?gogec%%%% g\% o%ﬁed. After the

9 photoresist mask is patterned, an etching.process may be performed to remoye unwanted portions
of the oorErOH I A B e e R SR e
gate electrode 116 as illustrated jn FIG. la. In the preferr mbodiment in which the gate electrode
material é%ﬁﬁ@é@@%ﬁi#&cgﬁ%ﬂwigﬁﬂ H&‘&Sﬁ'g Hﬁgae[gtﬁ?f ﬁ%{e@ﬁgﬁ A ﬁaééﬂfﬁgté?cﬁﬁﬁ process may
be a wet or dry, anisotropic or jsotrgpic, etch progess, but preferaply is, an anisotropic dry etch
process.tf@@% %%%Wﬁ%?ﬁ%ﬁ@’%%&ﬂfﬁ@éﬁﬁe@ Sl SURIGTIR SRR G B IS devices and
NMOS devices, In one such embodiment, the ratio of the gate width of the PMOS devices to the gate
width of the FANMREPERSTHE SRIsDE 0N Y GAY 13MARIRRIG B EIBERE PG Sfo WO RFeferably is

an anisotropic dry etch process.

[0027] In one embodiment, the width of the gate electrode is different for PMIOS devices
and NMOS devices. - In one such embodiment, the ratio of the gate width of the PMOS devices
to the gate width of the NMOS devices is about equal to the ratio of electron mobility to hole
mobility in bulk silicon or strained silicon. In another embodiment, the ratio of the gate width of
the PMOS devices to the gate width of the NMOS devices is about equal to the square root of the

ratio of electron mobility to hole mobility in bulk silicon or strained silicon.

[0028] Sourcefdrain regions 118 are a lightly-doped drain (LDD) formed by ion
implantation. The source/drain regions 118 may be implanted with-an n-type doﬁnant, such as
phosphorous, nitrogen, arsenic, antimony, or the like, to fabricate NMOS devices or may be
impianted with a p-type dopant, such as boron, aluminum, indium, and the like, to fabricate
PMOS devices. Optionally, NMQS devices may be fabricated on the ‘sarne chip as PMOS
devices. In this optional embodiment, it may be necessary to utilize multiple masking and ion
implant steps as is known in the art such that only specific areas are implanted with n»itypé and/or

p-type ipns.

[0029]  Optionally, an epitaxial silicon may be grown in the source/drain regions 118. For

€xample, an epitaxial silicon layer about 200 A may be grown on the wafer. In this situation, the _- ;
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mobility in bulk silicon or strained silicon. In another embodiment, the ratio of the gate width of the
PMOS devices to the gate width of the NMOS devices is about equal to the square root of the ratio of
electron mobility to hole mobility in bulk silicon or strained silicon. [0028] Source/drain regions 118 are
a lightly-doped drain (LDD) formed by ion implantation. The source/drain regions 118 may be
implanted with an n-type dopant, such as phosphorous, nitrogen, arsenic, antimony, or the like, to
fabricate NMOS devices or may be implanted with a p-type dopant, such as boron, aluminum, indium,

chip a0 PG BEU ALy (e AR AR kS e SBERRC B 5 fe masking

and ion i mant stg s as is known in the art such that only specific areas are implanted with n-type
g Subs 5 : S ) ; )
and/or p-type |ons.% 029] Optionally, an epitaxial silicon may be grown in the source/drain regions

118. For example, an epitaxial silicon layer about 200 A may be grown on the wafer. In this situation,

the 10 LB preférhiiyiless:thadouz0end ahavmihbesuriseoef thesubaiatedas8ARelaw the surface

of the substrate. [0030] It has also been found that orienting the transistors, or other semiconductor

devices, sgpphithatitheistiveabilowiwilbssubsiantialiyeleng heos109z£ryatakgligntatign of the
substrate improves the hole and electron mobility. Accordingly, it is preferred that the masks
substrate improves the hole and electron mobility. Accordingly, it is preferred that the masks

used to pattern the source/drain regions 118 are such that the current-flow through the

source/drain regions 118 is substantially along the <100 crystal orientation of the substrate.

[0631] Referring now to FIG. 1b, a dielectric liner 120 and 2 spacer 122 have been formed
on the sides of the gate electrode 116, and a second ion implant has been performed in the
source/drain regions 118, Preferably, the dielectric liner 120 is one or more layers of an oxide
formed by any oxidation process, such as wet or dry theﬁnal oxidation i an azﬁbient COmpIising
an oxide, H>Q, NG, or a combination thereof, or by chemical vapor deposition (CVD) techniques
using is tetra-ethyl-ortho-silicate (TEOS) and oxyg*;:n as a precursor. In the preferred
embodiment, the dielectric liner is about 20 A to about 350 Awm thicknelss, but more preferably

about 150 A in thickness.

[9032} The spacer 122, which forms a spacer for the second ion implant, preferably
comprises silicon nitride (SisNy), or 2 nitrogen containing layer other than Si;Ny, such as SNy,
silicon oxynitride SiOcNy, silicon oxime SiONyH,, or a combination thereof. In a preferred
embodiment, the spacer 122 is formed from a layer comprising Si;N; that has been formed using

chemical vapor deposition (CVD) technigues using silane and ammonia as precursor gases.

[0033]  In the preferred embodiment, the ratio of the width of the spacer 122 to the thickness

of the dielectric liner 120 is less than 5, and more preferably, less than 3. Furthermore, it should
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used to pattern the source/drain regions 118 are such that the current flow through the source/drain
regions 118 is substantially along the <100> crystal orientation of the substrate. [0031] Referring now
to FIG. 1b, a dielectric liner 120 and a spacer 122 have been formed on the sides of the gate
electrode 116, and a second ion implant has been performed in the source/drain regions 118.
Preferably, the dielectric liner 120 is one or more layers of an oxide formed by any oxidation process,
such as wet or dry thermal oxidation in an ambient comprising an oxide, H20, NO, or a combination

thereof, %BX 8{1@mé@i&gg@%e%ggég%%é%@nwgggﬁq %s %P%ngésc gg%keatlg Eor%%s%licate (TEAS)

and oxygen as a precursor. In th e ic e 15 ab 5°A to about

5% A B L R RIS SR SO AR s S0R2 1 e 22 whih foms

a spacerfor the second ion implant, pre Ses silicon

containing layer. other than Sj uch as SIAN,,, silican oxynitride SiOxNy, silicon gxime SiO,;Ny:H,,
ora comgiﬁ}é%%ﬁﬁ%reagfﬁ?h%%gg rad S dfih Wgﬂf’,ﬁl &8 f%%sfo%%ﬁi th & Myer
comprising Si3N4, tgat has been formed using .chemijcal vapor deposition (CVD) techniques using
silane antPEhiRHBN H2 588 SRRSER PRdad OSa YIS H AR TARRe (RS & FiESe AR &bt PreBapREh & the width of

the spacer 122 to the thickness_ of the dielectric liner 120 is less than 5, and more preferably, less than
3. FurtheHiGramPlen b i iEicHEShAHAR Inesh Basess aveasbaskriomy! 0%raerhtine trpunaielevice. For

example, it has been - . .
spacers. To fabricate spacers of varying widths, it may be necessary to incorporate additional

masking, deposition, and etching steps.

[0034] The spacer 122 may be patterned by performing an isotropic or anisotropic efch
process. The preferred isotropic etch process uses a solution of phosphoric acid (HaPOy)
wherein the dielectric liner 120 acts an etch stop. Because the thickness of the layer of SisNyis
greater in the regions adjacent to the gate eléctrode 116, the isotropic efch removes the SigNs
material on top of the gate electrode 116 and the areas of substrate 110 not irﬂmédiatcly adiacent
to the gate electrode 116, leaving the spacer 122 as illustrated in FIG. .lb. Preferably, the width
of ‘Ihe_-_spacer 122 varies as the gate length of the transistors 102 and 104 varies, In the preferred
embodiment, the ratio of the Width of the spacer 122 to the length of the gate electrode 116 is

a‘nput 0.8 to about 1.5.

{6035]  The dielectric liner 120 may be pattémed, for example, by pf;rfcmjing an isotropic
wet efch process using a solution of hydrofiuoric acid. Another etchant that may be used is &
mixture of concentrated suiphuric acid and hydrogen peroxide, coﬁn'nonly referred fo as piranha
solution, A phosphoric acid solution of phosphoric acid (H3PO4) and water (H,0) may also be

used to pattern the dielectric Liner 120.
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found that 1/0 devices may benefit from a larger spacer due to the amount of current the device is
expected to handle. PMOS devices may also benefit from larger spacers. In particular, it has been
found that larger spacers on PMOS devices help reduce tensile stress on the p-channel. In this
example, it is preferred that the larger spacers are at least about 10% larger than the smaller spacers.
To fabricate spacers of varying widths, it may be necessary to incorporate additional masking,
deposition, and etching steps. [0034] The spacer 122 may be patterned by performing an isotropic or

[ | h di | h solutjon of phosphori id
Hapos nein I M eHae LS TRk GEn Cro il e Sebhadeat sl Mevayor o

- Si3N4 is ,greater. in the regions,adjacent to the gate electraode 116, the isotropic etch removes the
SiaN4 m% I(laﬁr%lgl on 1P e(r)ﬁ %bgaé é%égﬁé%?r‘&%i@fg‘aﬁhﬁfﬁérﬁf@%d&%%% ampiGtirptASdiately

adjacent ,to,the gate electrode 116, leaving the spacer 122 as illustrated in FIG. Ib. Preferably, the
width of fﬁ@b%ta%% ng%r%%é)]st ﬁlf‘evﬁg%%%ﬂi’%ﬁﬂ@%fﬁﬁ%ﬁ%@é‘?@mﬂélﬁ(ﬁh@m 3¥kiot the the

preferred embadiment, the ratio of the width of the spacer 122 to the length of the gate electrode 116
is about BighGHBbIRS, [0035] The dielectric liner 120 may be patterned, for example, by performing
an isotropic wet etch process using a solution of hydrofluoric acid. Another etchant that may be used

is & mixtpepf congentmtes suehul AsidRRliNI0g8RREIoX Bl Sleslp as pranha
solution. gphosphoric acid solution of phosphoric ré?i}d (H%Pé“?lé;égeﬁtggvgggt%} (ﬁe){grgnlg)l}l%o be

a portion of the dielectric liner 120 and the gate electrode 116 along the top of the transistors 102

and 104. If desired, a mask may be applied to the top of the transistors 102 and 104 to prevent a

recess in the top of the transistors 102 and 104,

[0038]  After foﬁning the spacers 122, a second ion implant may be performed in the
source/drain regions 118 as is known in the art. The source/drain regions 118 may be implanted
with an n-type dopant, such as phosphorous, nitroger, arsenic, antimony, or the like, to fabricate
NMOS devices or may be implanted with a p-type dopant, such as boron, aluminurn, indium, or
the like, to fabricate PMOS devices. Optionalty, NMOS devices and PMOS devices may be
fabricated on the same chip. In this optional embodiment, it may be hecessary to utilize multiple
masking and ion implant steps such that onily specific areas are implanted with n-type and/or p-
type ions. Furthermore, additional ion implants may be performed to create differing graded

Junction configurations.

[0039]  Referring now to FIG. 1c, a silicidation process has been performed to create silicide
areas 130, Generally, @ silicidation process involves depositing a metal layer, suc;b as, for
example, nickel, cobalt, patladium, piatinum, copper, molybdenum, titaninm, tantalum, tungsten,
erbium, zirconium, a combination thereof, or the like, and causing the metal layer to react with

the silicon, thereby creating a silicide. In the preferred embodiment, the silicidation process
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used to pattern the dielectric liner 120. 12 [0036] It should be noted that it is desirable to etch a portion
of the dielectric liner 120 from beneath the spacer 122 as illustrated in FIG. Ib. In the preferred
embodiment, amount of recess is about 10% to about 70% of the width of the spacer 122, but more
preferably about 30% of the width of the spacer. [0037] It should also be noted that the etching
process to create the recess may also remove a portion of the dielectric liner 120 and the gate
electrode 116 along the top of the transistors 102 and 104. If desired, a mask may be applied to the

top of the transist and.104.to prevent a, recess in the top of the transistors 102 and 104. [0038]
After forrﬁllg}]ﬁgzg‘[%g glrr)%%e%rgsmfgim 8 %‘8%%&8‘%"2 ‘1&%%8%@%%&%%%&% gee Y in regions
118 as is ﬁgowei&g% %rt. The goiééqﬁ{%grgin regions 118 may be img)lanjted with an n-type dopant,
such as pRGspn6rous, Hrroge, Sr L APRiF B o PYHRO R I #h BFROHEON b8 5868 or may be
implanted with a p-type dopant, such as boron, aluminum, indium, or the like, to fabricate PMOS
devices. ép‘lﬁ’B ’55%3 I@I@%@%é@‘gﬁcﬂm@d@ﬁ%%%éeﬁa%ﬁ%@a’ B eaéhsdikte chip. In this

optional embodiment, it may be necessary to utilize multiple masking and ion implant steps such that

only speqifiaireasaie: wmanima WIS BNV ReBIRA %A HNGHRPISALAigRRldon implants
may be performed to create differing graded junction configurations.
oxide. Cleaning solutions that may be used includes hydrofluoric acid, sulphuric acid, fydrogen

peroxide, NH:OH solution, a combination thereof, or the like.

[0041] The silicidation process may be performed by annealing, cavsing the metal layer to
selectively react with exi)osed silicon regions (e.g., the source/drain regions 118) and the poly-
semiconductor regions (e.g., the gate electrodes 116) to form a silicide. In the preferred
embodiment in which the metal layer comprises nickel, platinum, palladium, or cobal, the
silicidation process forms nicke! silicide, platinum silicide, palladium silicide, or cobalt silicide,
respectively. The excess material of the metal layer may be removed, for example, by
performiing 2 wet dip i a solution of sulfuric acid, HCl, HyO,, hydrogen peroxide, NH,OH,
'H§P4- or the like,

[0042] It should be noted.that the silicided portion of the silicon extends beneath the spacer
122 due to silicide cap layer thickness or the recess etched into the dielectric liner 120. It has
bee_n‘féund that the silicide formed in this manner increasgs the tensile stress in the channe! area
of the transistors 102 and 104. As noted above, the tcnsil¢ stress can enhance the flow of current

1n the channe! area of the transistors, particolarly with NMOS transistors,

[0043]  In an alternative embodiment, one or more of the steps of etching the recess in the
dielectric liner 120 and performing the silicidation process are only performed on NMOS

devices, thereby enhancing the electron mobility while not affecting the hole mobility of the
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[0039] Referring now to FIG. Ic, a silicidation process has been performed to create silicide areas 130,
Generally, a silicidation process involves depositing a metal layer, such as, for example, nickel,
cobalt, palladium, platinum, copper, molybdenum, titanium, tantalum, tungsten, erbium, zirconium, a
combination thereof, or the like, and causing the metal layer to react with the silicon, thereby creating
a sllicide. In the preferred embodiment, the silicidation process 13 utilizes a metal comprising nickel,
cobalt, platinum, palladium, a combination thereof, or the like. The metal layer may be formed, for

example, ntional. deposition.techniques such as, for example, evaporation, sputter

depositioﬁ%‘ﬁ%%‘%‘E‘é?%ﬁ&ﬁ%?éﬁ%%ﬁﬁ%ﬁé@%%&@?ﬂﬁ% 11882 [BRoBRACRSAST o o & iRk I Hietal layer, it
is prefergg&gécég\%g th ﬁ{%afer to remove native oxide. Cleaning solutions that may be used includes
hydrofluoti acide aibRaNE EHTHBE RS SR DYIGRAHIRSe RIS 1R ution, a combination thereof, or the

like. [0041] The silicidation process may be performed by annealing, causing the metal layer to

selectiveljpgedict wikeexpasashsiicRIt regiansr@igs/he SoK LRGN 18) fadithg poly-

semiconductor regions (e.g., the gate electrodes 116) to form a silicide. In the preferred embodiment.

in which 1 gaetablatiereraniss siekelupiaium. aaladumyoer caRel hensiigidalign process forms

nickel silicide, platinum silicide, palladium silicide, or cobalt silicide, respectively. The excess material

ﬂf é?eHggﬁ%%géxgea%ygsﬁgggﬂgﬂﬁﬁez%%%% %E&Et&@? ke AR, 3SQUHI0R gf sulfuric acid,
example, by a chemical vapor deposition (CVD) process. The CVD process can be a low-
pressure CVD (LPCVD) process, a Rapid Thermal CVD (RTCVD), atomic layer CVD (ALCVD)
or 2 plasma-enhanced CVD (PECVD) process, as commonly known and used in the art.
Preferably, tensile-stress filim exerts & tensile stress in the range of about 50 MPa to about 2.0
GPa substantially along the sonrce-to-drain direction. It is also preferred that the thickness of the
tensile-stress film is such that the ratio of the thickness of the tensile-stress film to fhe width of
the spacer is about 0.5 to about 1.6, In one embodiment, howe\}er, the t;ensile-stress film
comprises silicon nitride deposited by LPCVD having a magnitude of about 1.2 GPa;, and in

anoth;:r embodiment, the tensile-stress film comprises silicon nitride deposited by PECVD

having a magnitude of about 0.7 GPa,

[0045]  In another embodiment, PMOS devices may have a compressive-siress film, or no
stress film, while NMOS. devices have a tensile-stress film. The compressive-stress film results
in a compressive strain in the channel region of the p~cﬁannel devices in the source-to-drain
direction to enhance hole mobility. The process of forming a compressive-stress film on PMOS
devices and tensile-stress film on NMOS dsvices is further described below with reference to co-

pending Patent Application Ser. No. 10/639,170, filed August 12, 2003, entitled, “Strained
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H3PO4 or the like. [0042] It should be noted that the silicided portion of the silicon extends beneath the
spacer 122 due to silicide cap layer thickness or the recess etched into the dielectric liner 120. It has
been found that the silicide formed in this manner increases the tensile stress in the channel area of
the transistors 102 and 104. As noted above, the tensile stress can enhance the flow of current in the
channel area of the transistors, particularly with NMOS transistors. [0043] In an alternative
embodiment, one or more of the steps of etching the recess in the dielectric liner 120 and performing

the silicidation process are onl formed.on NMOS devices, thereby enhancing the electron mobility
while no enggijr?go{ﬂ@s%% é%’off%fégf%?édﬁ&ﬂﬁ%% videthions tRe b Gve BRiRSoliments, it may
be necessary to farm a mask over the' PMOS devices while performing one or both of these process
steps. [0’69r ?%F rﬁ?f{anh%?%ﬁ@?@ Id, a tensile-stress film 140 is deposited over the transistors 102
and 104 to create a tensile stress substantially along the <100> direction. The tensile-stress film 140

may be $gigh nitrRigeptimnyoothe FiEnsile sirpes-hatesal-and "(‘lﬁl})b%fpfmﬁﬂmgﬁéd S¥ample, by a
chemical vapor deposition (CVD) process. The CVD process can be a low- pressure CVD (LPCVD)

process yasgard. TeemabGye: (REGHRMRIeMIS lauer GHDLALEVR) ALARiasmasenhanced CVD
(PECVD) process, as comm%)ér%y known an% used %Mt%we art.SPreferany, t r@i%ﬁs elgf':g ff?fnq exerts a
tensile st 6408 1RE B ALRIRA MERIRANUE 2:%CVD. The ILD 150 is preferably about

1500 A to about 8000 A in thickness, but more preferably about 3000 A to about 4000 A in

thickness. Furthermore, in one preferred embodiment, the ILD 150 exerts a tensile stress

substantially along the <100> direction with a magnitude of about 0.1 GPa to about 2 GPa.

[0047]  Thereafter, standard processing techniques may be used to complete fabrication of
the semiconductor device, including process sieps such as forming metal lines and tayers,

forming vias and plugs, packaging, and the like,

[0048]  FIG. 2 illustrates a wafer 200 that may be used to fabricate semiconductor devices in
accordance with one embodiment of the present invention. As discussed above, it is preferred
that t@e current flow in the source/drain regions of the transistors 102 and 104 is substantially
alongﬁihe <100> direction of the silicon crystal structure. Accordingly, it is desirabie to notck or
otherwise mark th;: wafer such that the <100> direction is known, In the preferred embodiment,
2 5 mm, triangular-shaped notch is placed along the edge of the wafer 200 such that the notch is
iocat;d substantially along the <100> direcﬁon +/- about 7°. In aliernative embodiments, other
shapes, such as rectangular shapes, scratches, a flat edge, or the like, other orientations, such as

perpendicular to the <100> direction or the like, and other sizes may be used.

[9045] FIGS. 32 and 3b illustrate a layout or shape of semiconductor die 310 that has been

Sawn off from a wafer having either <100> or <110> notch orientations and may be used in
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GPa substantially along the source-to-drain direction. It is also preferred that the thickness of the
tensile-stress film is such that the ratio of the thickness of the tensile-stress film to the width of the
spacer is about 0.5 to about 1.6. In one embodiment, however, the tensile-stress film comprises
silicon nitride deposited by LPCVD having a magnitude of about 1.2 GPa, and in another
embodiment, the tensile-stress film comprises silicon nitride deposited by PECVD having a magnitude
of about 0.7 GPa. [0045] In another embodiment, PMOS devices may have a compressive-stress film,

or no stress fi ] I}]M i ave a tensile:-stress film. The,compressive-str film results
in acom%%gegéé'%\%aﬁﬁ In t%e%%rge?l%g |%er§cgh ‘ée%?i‘&’ "ar?r%(ga evi egoﬁ{l @@&%ﬁo%ﬁain direction
to enha ce.h9|e ility, The process of forming.a compressiye-stress film on PMOS devices and
tensile-s Vé%‘”fﬁr%m(?é)nl\fé{g@ %Ue?%}?c%%c%éﬁ?ﬂﬁgkgg%?ﬁo@éj%%gdf h?@?@kﬂé&@%&aﬁéﬁaing Patent
Applicatign Ser. No. 10/639,170, filed. August 12, 2003, entitled, "Strained, 15 Channel

Com pIeﬁ%@ ri@r&al‘—&?éll% REfr&ey fpgﬂﬁ%@ 33% Vi3S iErRiasiradharer Wolse A silisSPated herein
by reference. [0046] Referring now to FIG. le, an inter-layer dielectric (ILD) 150 is deposited over the

wafer 108YFHeAEY ISYER A 19pich I h Adush nermmanty sed fondabiisrig cemispsdigior silicon oxide
formed by deposition techniques such as CVD. The ILD 150 is preferably about 1500 A to about 8000

A in thickBBEE bulnttierdrdisly ee dpaBotin theapssingood owmk dielectric may greatly

deteriorate those Inter-metal dielectrics 332 and/or substrate 110 chipping (or cracking) defect
counts during the die 310 sawing process. The low-k materials, such as fluorine-containing or
( carbon-containing dielectric layers, are being commonly used for inter-metal dielectrics 332,
characterized substantially with both lower dielectric constant and lower mechanical strength
than conventional silicon oxide diclectric layer. Another ﬁnding of this invention 15 that,
regardless the wafer notch orientation is <100 or <110>, the most vulnerable chipping defecti;.re
locations are the neighboring strip of areas, running substantially in parallel o the die-saw edge
328 longitndinal directions, within about 300 um to about 500 }mi distance from the four die

corners 334:of top view of the die 310.

[0650] As a result, it is desirable to fabricate the die 310 such that the cleararce areas,.
| preferably including 314-a, -b shown in Fig. 3a and 314-c, -d shown in Fig. 3b, are positioned
about the circumference {or the border) of each die 310. One may easily séparate the area of top
view of the die 310 into two neighboring regions by 2 border line 322 shown in Figs. 32, 3b, 3¢
and'3d, in order to realize embodiments of the present invention. The first region 312 comprises
majority of microelectronics devices fabricated within die 310, such as tramsistors, resistors
capacitors, and the like, bond pads 316 of any shapes and a plurality of metal layers (not

ncluding the redistribution metal layers of die 310 assembly or bonding process) being used as
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thickness. Furthermore, in one preferred embodiment, the ILD 150 exerts a tensile stress substantially
along the <100> direction with a magnitude of about 0.1 GPa to about 2 GPa. [0047] Thereatfter,
standard processing techniques may be used to complete fabrication of the semiconductor device,
including process steps such as forming metal lines and layers, forming vias and plugs, packaging,
and the like. [0048] FIG. 2 illustrates a wafer 200 that may be used to fabricate semiconductor devices
in accordance with one embodiment of the present invention, As discussed above, it is preferred that

the curren{ ﬁ%‘ﬁh%t@hﬁ%c’f’dﬁﬁgﬁ@a eg ﬂ{% {i éran&stogs 102 atﬂg %04%5 r?gt tantlaJ % along the

<100> ditection of the silicon crysta struc ure ccorgzng y, s esiva "o 6ffferwise mark

the wafer sy ht ion | own In the prefeyre ment, a5 mm,
trlangula‘fJ%%gape%%nélghn}é%?g ed?f% d&&%??ﬁ%w E}L%@%@&bh%%?#f@w&m@ 'located
substantlallﬁ/ al e <10 /- about 7 ternatjve embodlments other shapes, such as
rectanguiar s qg?es S § gsgc tﬁ%ﬂi?@ﬁ?z& Brdinspcmel ]ﬁ}éfi%éﬁdlcular to the
<100> dlrectlon or i?e Ilke, other sizes may be used [0049] FIGS. 3a and 3b illustrate a layout or
shape of 8IS 5%3%%8%“5%8?1 USSR ITOPRATE HC I MERIREIRA PERRRS ¥POB> or <110>
notch orientations and may be used in 16 accordance with embodiments of the present invention. It
has beerfS A A% Wéf@rtééé C%ﬁ%déosmééﬁtéﬁs%f%tcmmmw@mw ’f there brittle

while performing the wafer or
second region 326 may share the same substrate space with the die-saw space for the die 310.

The second region 326 in Fig. 3a further comprises a die-saw edge 328 and a clearance area 314-
{ ' 8, -b, the clearance area being a strip of area in the second region 326 and being positioned along
the line of border 322 and about the circumference of the first region 312. The second region
326 in Fig. 3b may further comprise a metal containing seal ring 320 which may avoid mobile
ions or moisture contents penetrating laterally into microelectronics devicee fabricated in the first
region 312 during the die 310 assembly or future operating environment conditions. A similar
embodiment couid be used to forming a clearance area 314-¢, -d of Fig. 3b which being 2 strip of
areain‘the second region 326 and being positioned substantially along the space in between the
seal ring 320 and line of border 322 enclosed the first region 312. On another embodiment, the
Clearance area may be a strip of area in the first region 312 and could be positioned substantially
along the border line 322 and about the circumference of the first region 312.  Without the
continuous active device area or continuous ‘metal layers 336/338, the clearance arcas 314-a, -b, -
¢ and -d may greatly reduce those inter-metal dielectrics 332 and/or substrate 110 cﬁipping (or |

cracking) defect counts during the die 310 sawing and/for assembly process.

[0051)  For a device having 3 to 9 or more layers of multi-layer metal process technology, it

has been found that the top metal 336 layer experiences the largest portion of stress amount
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die 310 sawing process, substantially along with the die-saw edge, than a wafer having a silicon
crystal notch orientation of <110>, which is commonly used for fabricating semiconductor devices. In
addition, it has been found that the presence of low-k dielectric may greatly deteriorate those
inter-metal dielectrics 332 and/or substrate 110 chipping (or cracking) defect counts during the die
310 sawing process. The low-k materials, such as fluorine-containing or carbon-containing dielectric
layers, are being commonly used for inter-metal dielectrics 332, characterized substantially with both

lower dielectric, constant and lower mechanical.strength than conventional silicon oxide dielectric.
layer. An utértF (%in%qlr?lg%g?t e %(fg\l/\?élr?ﬁg%ul h‘ﬁna@@@%?a sﬁg%?ﬁia ?E&%F?}é’?@ﬁr SrARshhnes ©€00> or
<110>, the mo§t gﬁng\raﬁle crg%gin defective locations are the nei%hgboring strip of areas, running
substantiSHRTTR  aral St RE e AR SHGHOB S ISt PR RS ER R ABGE 38tatm to about
500 m distanc%géom the four die corners334 of top view of the die 310. [00501 As a result, it is
desirablet¥Tabrhatlithd'Ha TSl Preasinarmsiaraneminre fllatsyindcigimpBing a, -b shown
in Fig. 3a and 314-c, -d shown in Fig. 3b, are positioned about the circumference (or the border) of
each die PRPIHONA e dnproistraditlsatie iVt t5pr vismispatuctio maufunng peigisboring
regions by a border line 322 shown in Figs. 3a, 3b, 3c and3d,in order to realize embodiments of the
present i RISHSTHENIES Of SBFEh IRED cowripridess thaajditivy ofatal deyele dhoprifsrde\dhasafebricated -
within the 310, such as transistors, resistors capacitors, and the like, bond pads 316 of any shapes
and a p|lmﬁt§1éfma,§ﬂm tespapsp{raesta with about 0.5 wm to about 10 pm in width without covering of

the top metal layer or any of the inter-metal layers. In this manner, it may not only help o
( improve the mechanical siress induced substrate/dielectric chipping (or cracking) problems

during the die-saw process, but it may also help to act as a thermal/mechanical stress buffer area

to 1mprove the potential dielectrics cracking (or delaminating) reliability problems duﬁng the die

310 assembly or packaging process. For semiconductor manufacturing process with more metal

layers, such as more than € to 9 metal layers, then the preferable clearance area 314 may be a

strip of area about ! pm to about 20 pm in width, without sacrificing a plenty of die area, in

order o cope with the getting larger thermal/mechanical stress induced by the ever thicker metal

and dielectric stacked layers,

[0052]  FIGS. 3¢ and 3d are cross-section views of the clearance area 314 illustrating
exampies of configuraiions that may be used in accordance with an embodiment of the present
invention. Specifically, FIG. 3c illustrates the situation in which the clearance area, being
covered and filled with dielectrics, is void of any metal lavers and active areas. FIG. 3d
illustrates another embodiment in which the clearance area 314 does not contain an active area
and each metal layer contains a break in the clearance area. In order to get a less die

assembly/package defect counts with the optimal reliability, the clearance area 314 is about 0.5
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including the redistribution metal layers of die 310 assembly or bonding process) being used as 17
interconnects 318 for signal/power lines in the device or between the device and the outside world. A
single metal layer 318 may further comprise a plurality of stacked conductive layers, such as Ti, TiN,
Ta and/or TaN. The second region 326 comprises a plurality of metal layers or other microelectronics
devices 324 could be used for manufacture monitoring purpose, which may or may not intend to be
connected to the outside world. Meanwhile, a portion area of the second region 326 may share the
same s &pﬁﬁgny\{ | far. the.die 310. The.second region 326 in Fig. 3a
further glc?ﬁg%ﬁs a ie-s%}{v‘\//ﬁ%%ggZ ﬁ?oéﬂ a%% éﬁéllyail}r?é%dz\%% @f%—taéfaf ?fﬁ@%l@éﬁi{ﬁg’é’ réa being a
strip of areg, i I{]f c egion 326 and bejng.positipned along the line of border 322 and about the
circumfZ?gr?chleg the fi% %’ég%]%fﬁaﬁ%"g%%gﬁbﬁge%d?g%%é‘ m%&ww&w&&w&c%ﬁmse a metal
containi sgeqL 5iﬁng 1%%9 d\{vpich m(gry avcgd mobile ions or moisture contents penetrating laterally into
microelettronics éewcés F‘a%:ltfécat oﬁiﬁ]ﬂ & first region 312 during the die 310 assembly or future
operating environment conditions. A similar embodiment could be used to forming a clearance area
314-c, -fhef3Fig. Whithitis ieegriarmtip Rkmdeaindhe-aaceRereoiRNRAEANE HaingResitioned
substantially along the space in between the seal ring 320 and line of border 322 enclosed the first

region 342.q@oriptieiienembesiient s esIRRIPRCE MeATIBLE A3liRCEAmRINIRe first region 312

and could be positioned substantially along the border liné 322 and about the circumference of the
first regiamBAstio¥idTout Ustrative embodiments, as well as other embodiments of the inventior,

will be apparent to persons skilled in the art upon reference to the description. It is therefore

intended that the appended claims encompass any such modifications or embodiments.
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Panma

continuous active device area or continuous metal layers 336/338, the clearance areas 314-a, -b, - c
and-d may greatly reduce those inter-metal dielectrics 332 and/or substrate 110 chipping (or cracking)
defect counts during the die 310 sawing and/or assembly process. 100511 For a device having 3to 9
or more layers of multi-layer metal process technology, it has been found that the top metal 336 layer
experiences the largest portion of stress amount 18 resulted from the thermal/mechanical
combinational effect of those materials including the substrate 110, the top protecting/passivation
dielectric 330, inter-metal dielectrics 332, top metal layer 336, inter metal layers 338, the
organic/inowg_w@ RASSE fillgrs and the molding compound over the top protecting dielectric 330.
For a semiconductor manufacturing process with a fewer number of metal layers, such as less than 3
to 6 metal layers, the preferred clearance area 314 may be a strip of area with about 0.5 m to about
10 m in width without covering of the top metal layer or any of the inter-metal layers. In this manner, it
may not only helmtgedmgﬁ@y&c;p&%%:;ﬁghgress induced substrate/dielectric chipping (or cracking)
problems during the die-saw process, but it may also help to act as a thermal/mechanical stress buffer
area to improve mﬁ%%atial dielectrics cracking (or delaminating) reliability problems during the the
310 assembly or packaging process. For semiconductor manufacturing process with more metal
layers, such as - metal | then the preferable clearance area 314 may be a strip
T B T B R g R B

of area about | m'to m ut sacrificinga p i€ ®in

substrate such that current flow through the source/drain region is substantially along a
<100> crystal orientation of the substrate;

a dielectric formed on the sides of the gate electrode and on top of the substrate
adjacent to the gate electrode; and

2 silicide portion formed on the surface of the substrate below the dielectric.

2. The semiconducior device of claim 1, wherein the dielectric comprises a dielectric

liner and a spacer formed on the dielectric liner.

3. The semiconductor device of claim 2, wherein a ratio of a width of the spacer {0 a

tﬁickncss of the dielectric liner is less than about 5.

4. The semiconductor device of claim 2, wherein a ratio of a width of the spacer to a

length of the gate electrode is about 0.8 to about 1.5.

3. The semiconductor device of claim 2, wherein the dielectric liner comprises a

'ﬁlﬁt&ﬁty of dielectric liners.
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order .tocope with the getting larger thermal/mechanical stress induced by the ever thicker metal and
dielectric stacked layers. [0052] FIGS. 3c and 3d are cross-section views of the clearance area 314
illustrating examples of configurations that may be used in accordance with an embodiment of the
present invention. Specifically, FIG. 3c illustrates the situation in which the clearance area, being
covered and filled with dielectrics, is void of any metal layers and active areas. FIG. 3d illustrates
another embodiment in which the clearance area 314 does not contain an active area and each metal
layer contains a break in the clearance area. In order to get a less die assembly/package defect
counts with the optjimal reliability, the clearance area 314 is about 0.5 19 m to about 20 gm in width
and may beﬁprefepﬂi’BIVﬁﬂwWﬁ eI pi e B adersindha digisttis lisork ersidenics, silicon oxide, a
carbon-containing diglectric, a nitrogen-containing dielectric, a flourine-containing dielectric, or the
like. [0053] Wl’ﬁfe%ﬂié ifVBIkeHhas been described with reference to illustrative embodiments, this
description is not intended to be construed in a limiting sense. Various modifications and
combinations of the illustrative embodiments, as well as other embodiments of the invention, will be

apparent to-persompeskilied:inuhe: ast MpepJRiarenes.foihe deserintion ltisthgrafore intended that the
appended claims encompass any such modifications or embodiments. 20
selected from the group consisting essentially of silicon nitride (SisNy), a nitrogen

containing layer other than Si;Ny, Si;N,, silicon oxynitride Si0yNy, silicon oxime

510;Ny:H;, or a combination thereof,

8. The semiconductor device of claim 1, wherein the semiconducior device is

covered with & tensile-stress film.

9. The semiconductor device of claim 8, wherein the dielectric comprises a spacer

and-zratio of the thickness of the tensile-stress film to the width of the spacer is about 0.5

teza'boutl 6.

10.  The semiconductor device of claim &, wherein the tensile-stress film exerts 2

tensile stress of 2 magnitude of about 50 MPa to about 2 GPa.

1L The semiconductor device of claim 1, wherein the substrate comprises & wafer
‘having amotch such that an angle formed between the <100> crystal orientation of the

substrate:and a line formed by the notch and the center of the wafer is less than about 7

degrees.
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WHAT IS CLAIMED IS: 1. A semiconductor device comprising: a substrate; a transistor having a gate
electrode and a source/drain region formed on the substrate such that current flow through the
source/drain region is substantially along a <100> crystal orientation of the substrate; a dielectric
formed on the sides of the gate electrode and on top of the substrate adjacent to the gate electrode;
and a silicide portion formed on the surface of the substrate below the dielectric. 2. The semiconductor
device of claim 1, wherein the dielectric comprises a dielectric liner and a spacer formed on the
dielectric liner. 3. The semiconductor device of claim 2, wherein a ratio of a width of the spacer to a
thickness of the dielectric liner is less than about 5. 4. The semiconductor device of claim 2, wherein a
ratio of a witith of theSSPiRBAYEY davicrrisiaie harkeaiachosdirain el eskablont 1.5. 5. The
semiconductor device of claim 2, wherein the dielectric liner comprises a Plurality of dielectric liners.
21 6. The seeARBOARIAAB ERAINE BraskamcorhosmdegiRiche dielectric liner is less than

13, The semiconductor device of claim 1, wherein the substrate is bulk silicon.

14.  The semiconductor device of claim 1, wherein the substrate is a semiconductor-
on-insulator substrate having a an insulator layer formed on a first silicon layer, and &

second silicon layer formed on the insulator layer, wherein the <110> crystal orientation

P

of the first silicon layer is substantially aligned with the <100> crystal orientation of the

second silicon layer and wherein the gate electrode is formed on the second silicon layver:

15.  The semiconductor device of claim 1, wherein the substrate comprises a first
_senﬁconductor material with a first lattice constant and a second semiconductor material

with 2 second lattice constant,

16, The semiconductor device of clatmy 15, wherein the first semiconductor material

comprises silicon-germanium.

17.  'The semiconductor device of claim 1, wherein the substrate comprises a first
..S'ﬂicog layer, a relaxed Si;Ge, layer on the first silicon layer, and a strained silicon layer

.qn;the relaxed Sij.,Ge, layer.

18 The semiconductor device of claim 17, wherein the strained silicon layer has a

-surface roughness of less than about 1 nim.
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about 350 A in thickness. 7. The semiconductor device of claim 2, wherein the spacer is formed of a
material selected from the group consisting essentially of silicon nitride (Si3N4), a nitrogen containing
layer other than Si3N4, SiXNy, silicon oxynitride SiIOXNy, silicon oxime SiO,Ny:H1,, or a combination
thereof. 8. The semiconductor device of claim 1, wherein the semiconductor device is covered with a
tensile-stress film. 9. The semiconductor device of claim 8, wherein the dielectric comprises a spacer
and-aratio of the thickness of the tensile-stress film to the width of the spacer is about 0.5 to about |
:6. 10. The semiconductor device of claim 8, wherein the tensile-stress film exerts a tensile stress of a
magnitude of about 50.MPa to abqut 2 GPa. 11. The semiconductor device of claim 1, wherein the

substrate cdfprisHE SRSty e RSteRiguEh Trisream e sratrsnfeicpdexieen the <100> crystal

orientation of the substrate :and a line formed by the notch and the center of the wafer is less than
about 7 deijrdedss 2P YRISTHFRdph s S PE dvedsisr clarmok i Whaasinatide: sGbstrate includes a

shallow trench isolation imparting stress onto the substrate.
PMOS transistor to a gate width of the NMOS transistor is about equal to the ratio of

electron mobility to hole mobility in the first silicon layer.

20.  The semiconductor device of claim 17, wherein the semiconductor device
includes a PMOS transistor and an NMOS transistor, a ratio of the gate width of the
PMOS transistor to a gate width of the NMOS transistor is about equal to the ratio of

electron mobility to hole mobility in the strained silicon layer.

21.  The semiconductor device of claim 17, wherein the semiconductor device
includes a PMOS transistor and an NMOS transistor, a ratio of the gate width of the
PMOS transistor to the gate width of the NMOS transistor is about equal to the square

:;qpt-r*of:\the‘ratio of electron mobility to hole mobility in the first silicon layer.

22.  The semiconductor device of claim 17, wherein the semiconductor device
includes a PMOS transistor and an NMOS transistor, a ratio of the gate width of the
PMOS transistor to the gate width of the NMOS transistor is about equal to the square

jfi?(it of the ratio of electron mobility to hole mobility in the strained silicon layer.

23 The semiconductor device of claim 17, wherein x is greater than about 0.1 and

less than abour 0.5,
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+ 13.¢The semiconductor device of claim 1, wherein the substrate is bulk silicon. 14. The semiconductor
device of claim 1, wherein the substrate is a semiconductor- on-insulator substrate having a an
insulator layer formed on a first silicon layer, and a C second silicon layer formed on the insulator
layer, wherein the <110> crystal orientation of the first silicon layer is substantially aligned with the
<100> crystal orientation of the second silicon layer and wherein the gate electrode is formed on the
second silicon layer. 15. The semiconductor device of claim 1, wherein the substrate comprises a first
semiconductor material with a first lattice constant and a second semiconductor material with a -
second lattice constant, 16. The semiconductor device of claim 15, wherein the first semiconductor

raiel oSSR ARTUNT Mol SRS LR S R e e

substrate comprises a first silicon layer, are ayer on

strained sjlj laxed S ii..1Gex layer..18. The semiconductor deyice of claim 17
H ( ,
wherein t%&ggﬁ?gcsgﬁc%%%e% e rP&%ﬂ%ﬁl@ﬁﬂg@% SsAREIEBFAMERAS 23 19, The

semiconductor device 81‘ ch%i%%ogherein the semiconductor device includes a PMOS transistor and
100

an NMOSoﬁ‘lanScl’éf%)(r:?{’gl1 rla ate width of the

25, The semiconductor device of claim 1, wherein the silicide portion COMPprises

nickel silicide, cobalt sificide, platinum silicide, or pé.ilaciium silicide,

.' ) 26.  The.semiconductor device of claim 1, wherein the gate electrode comprises a pate
dielectric formed of a material selected from the group consisting essentially of an oxide,

a nitrogen-containing oxide, or a combination thereof.

27. The semiconductor device of claim 1, whersin the gate electrode Comprises a gate

‘dielectric'having a dielectric constant greater than about 4,

8. “The semiconductor device of claim [, wherein the semiconductor device is
CQVE:‘rad by an inter-layer dielectric exerting a tensile stress substantially along the source-

tq-:{irainaéirection of about 0.1 G_Pa to about 2 GPa.

29f - The semiconductor device of claim 1, wherein the-semiconductor device
‘comprises.at Jeast one of a NOR gate, a logic gate, an inverter, an XOR gate, a NAND

-'g%i?, @ pull-up transistor, and 2 pull-down transistor,
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PMOS transistor to a gate width of the NMOS transistor is about equal to the ratio of electron mobility
to hole mobility in the first silicon layer. 20. The semiconductor device of claim 17, wherein the
semiconductor device includes a PMOS transistor and an NMOS transistor, a ratio of the gate width of
the PMOS transistor to a gate width of the NMOS transistor is about equal to the ratio of electron
mobility to hole mobility in the strained silicon layer. 21. The semiconductor device of claim 17,
wherein the semiconductor device includes a PMOS transistor and an NMOS transistor, a ratio of the
gate width of the PMOS transistor to the gate width of the NMOS transistor is about equal to the
square root of the ratio of electron mobility to hole mobility in the first silicon layer. 22. The
semicondudibr delAescanEpairtoy Sovirsrelslaim schimbenenmpositevitiest isglonasda PMOS transistor and
an NMOS transistor, a ratio of the gate width of the PMOS transistor to the gate width of the NMOS
transistor issetsodretatieo v rgisaonpuiing thisralistofite drdoemobiipiunlitple’ mobility in the
strained silicon layer. 23, The semiconductor device of claim 17, wherein x is greater than about 0.1
and less thmatdboetDibs 24@4 185 somcenductbraleyictnedig iverd, andibeaiecting dielectric her is
formed of a material selected from the group consisting essentially of an oxide, a nitrogen-containing
region further comprising & die-saw edge and a clearance area, the clearance area being

an area of without a top metal layer over the substrate.

31,  The semiconductor device of claim 30, wherein the clearance area in the second

region comprises 2 sirip about 0.5 pm to about 10 um in width.

32.  The semiconductor device of claim 30, wherein the clearance area in the second

region comprises & strip without an inter-metal laver over the substrate.

33, The semicondnctor device of claim 30, further comprising seven or more metal

iayers formed over the substrate.

34.  The semiconductor device of claim 30, wherein the clearance arez in the second

Tegion comprises a strip about 0.5 pm to about 10 pm in width without active area,

35, The semiconductor device of claim 30, wherein the clearance area in the second

region comprises low-k dielectric layer with a dielectric constant less than silicon oxide.

36.  The semiconductor device of claim 30, wherein the clearance area in the second

Tegion comprises a fluorine-containing low-k dielectric layer.
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oxide, or a combination thereof. 25. The semiconductor device of claim 1, wherein the silicide portion
comprises nickel silicide, cobalt silicide, platinum silicide, or palladium silicide. 26. The semiconductor
device of claim 1, wherein the gate electrode comprises a gate dielectric formed of a material selected
from the group consisting essentially of an oxide, a nitrogen-containing oxide, or a combination
thereof. 27. The semiconductor device of claim 1, wherein the gate electrode comprises a gate
dielectric having a dielectric constant greater than about 4. 28. The semiconductor device of claim 1,
wherein the semiconductor device is covered by an inter-layer dielectric exerting. a tensile stress
substantially along the source- to-drain direction of about 0.1 GPa to about 2 GPa. 29. The
semiconduztor d%%?c'@‘@@[&iﬁq@‘ {eHisrsicineSnidertiutorldavice arpriptisescatdeast one of a NOR
gate, a logic gate, an inverter; an XOR gate, a NAND gate, a pull-up transistor, and a pull-down
transistor. Z@iwcquﬁﬁrﬁl@ﬁih@h@wtadmdevekdmimmpﬂayﬂner comprising a first region and a second
region, the first region comprising microelectronics devices and a plurality of metal layers, the second
region comprising a plurality of metal layers, and the second region further comprising a die-saw edge
and a clearance area, the clearance area being
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an area of without a top metal layer over the substrate. 31, The semiconductor device of claim 30,
wherein the clearance area in the second region comprises a strip about 0.5 m to about 10 pm in
width. 32. The semiconductor device of claim 30, wherein the clearance area in the second region
comprises a strip without an inter-metal layer over the substrate, 33. The semiconductor device of
claim 30, further comprising seven or more metal layers formed over the substrate. 34, The
semiconductor device of claim 30, wherein the clearance area in the second region comprises a strip
about 0.5 p.m to about 10 pm in width without active area. 35. The semiconductor device of claim 30,
wherein the clearance area in the second region comprises low-k dielectric layer with a dielectric
constant led8 thar SHRISARERIE. decesmBRsingonductor device of claim 30, wherein the clearance
area in the second region comprises a fluorine-containing low-k dielectric layer. 26 37, The
semiconductor dé\fesierie Rawing@, st serinaiincieanainte! antiadfittiéatmeandstiegiohacomprises a
carbon-containing low-k dielectric layer, 27 38. A semiconductor device comprising: a substrate having
a first semicenodd stomapraberiol matbriaifiveh latticend tanstantmughia and '

one or more field-effect transistors formed on the second semiconductor material,

wherein the current flow is snbstantially along the <100> crystal orientation.

3% The semiconductor device of claim 38, wherein the second semiconductor
( material is silicon, and the substrate is 2 wafer having a notch such that an angle formed
between the <100> crystal orientation of the substrate and a iine formed by the notch and

the center of the wafer is less than about 7 degrees, -

40.  The semiconductor device of claim 38, wherein the first semiconductor material
comprises silicon-germanium.

41, "Thesemiconductor device of claim 38, wherein the semiconductor device
in¢ludes a PMOS transistor and an NMOS transistor, a ratio of a gate width of the PMQOS

tIansigtor to 2 gate width of the NMOS transistor is about equal fo a ratio of electron

‘mobility to hole mobility in the first semiconductor material.

42, The semiconductor device of claim 38, wherein the semiconductor device
inchides a PMOS transistor and an NMOS transistor, a ratio of 2 gate width of the PMOS

transistorto:a gate width of the NMOS transistor is about equal to a ratio of electron

Mobility to hole mobility in the second semiconductor material.
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second semiconductor material with a second lattice constant, and one or more field-effect transistors
formed on the second semiconductor material, wherein the current flow is substantially along the
<100> crystal orientation. 39. The semiconductor device of claim 38, wherein the second
semiconductor material is silicon, and the substrate is a wafer having a notch such that an angle
formed between the <100> crystal orientation of the substrate and a line formed by the notch and the
center of the wafer is less than about 7 degrees. 40. The semiconductor device of claim 38, wherein
the first semiconductor material comprises silicon-germanium. 41. The semiconductor device of claim
38, wherein the semiconductor device includes a PMOS transistor and an NMQS transistor, a ratio of
a gate widti3of thEhp MoSoatansisievits of ghim diduhatihtdmaSudmsisteriscabout equal to a ratio of
electron mobility to hole mobility in the first semiconductor material. 42. The-semiconductor device of
claim 38, wheiigin tHgdedricosicloctad deNbOIneindas: aPMOS transisidthanfdiaPMBEOS transistor, a
ratio of a gate width of the PMOS transistor to a gate width of the NMOS transistor is about equal to a

ratio of eleqtsagsienebiligtoidieshabiiv(s thesesordisemisendudiosmatenal. .28:43. The
semiconductor device of claim 38, wherein the semiconductor device

ratio of electron mobility to hole mobility in first semiconductor material,

44,  The semiconductor device of claim 38, wherein the semiconductor device
incindes a PMOS transistor and an NMOS transistor, a ratio of a gate width of the PMOS
transistor to a gate width of the NMOS transistor is about equal to the square root of the

ratio of electron mobility to hole mobility in the second semiconductor material.

45, The semiconductor device of claim 38, wherein the second semiconductor

material has a surface roughness of less than about ! nm.

4. The semiconductor device of claim 38, wherein the semiconductor device _
comprises at least one of a NOR gate, a logic gate, an inverter, and XOR gate, a NAND

gate, 2 pull-up transistor, and a pull-down transistor,

41 The semiconductor device of claim 38, forther comprising a first region and a
second region, the first region comprising microelectronics devices aﬁd a plurality of
metal layers, the second region comprising & plurality of metal layers, and the second
region further comprising a die-saw edge and a clearance area, the clearance area being

anarea of withont a top metal layer over the substrate.
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includes a PMOS transistor and an NMOS transistor, a ratio of a gate width of the PMOS transistor to
a gate width of the NMOS transistor is about equal to the square root of the ratio of electron mobility
to hole mobility in first semiconductor material. 44. The semiconductor device of claim 38, wherein the
semiconductor device includes a PMOS transistor and an NMOS transistor, a ratio of a gate width of
the PMOS transistor to a gate width of the NMOS transistor is about equal to the square root of the
ratio of electron mobility to hole mobility in the second semiconductor material. 45, The semiconductor
device of claim 38, wherein the second semiconductor material has a surface roughness of less than
about 1 nm. 46. memiconductor device of claim 38, wherein the semiconductor device comprises
at least one®$f a gusendretgideyiseco fanimthaheria O gates arbdANE: Riend pull-up transistor,
and a pull-down transistor. 47. The semiconductor device of claim 38, further comprising a first region
and a secoR@FREfERI AR FREPRyw Somplisibernioelectidnics devices and a plurality of metal
layers, the second region comprising a plurality of metal layers, and the second region further
comprising a die-saw edge and a clearance area, the clearance area being an area of without a top

metal layer gyver tig: siarUAeet8 988 . J he. sEM) r,device of claim 47, wherein the clearance
area in the second © ﬁ?%&%ﬁ% tic cleranice area in the second

region comprises a Strip without an inter-metal layer over the substrate,

50.  The semiconductor device of ¢laim 47, farther comprising seven or more metal

(" layers formed over the substrate.

51, The semiconductor device of claim 47, wherein the clearance area in the second

region comprises & strip about 0.5 um to about 10 pm in width without active area.

52, The semiconductor device of claim 47, wherein the clearance area in the second

region comprises low-k dielectric layer with dielectric constant less than silicon oxide.
53f The semiconductor device of claim 47, wherein the clearance area in the second

region comprises a fiuorine-containing low-k dielectric jayer.

4. Thesem; ; ; i
semiconductor device of claim 47, wherein the clearance ares in the second

IBZI0n.Comprises a carbon-containing low-k dielectric layer.
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region comprises a strip about 0.5 pm to about 10 m in width, 49. The semiconductor device of claim
47, wherein the clearance area in the second region comprises a strip without an inter-metal layer
over the substrate, 50. The semiconductor device of claim 47, further comprising seven or more metal
layers formed over the substrate. 51, The semiconductor device of claim 47, wherein the clearance
area in the second region comprises a strip about 0.5 m to about 10 m in width without active area.
52. The semiconductor device of claim 47, wherein the clearance area in the second region
comprises low-k dielectric layer with dielectric constant less than silicon oxide. 53. The semiconductor

device of claim 47, wherei I .in the second region comprises a fluorine-containing
low-k dielecttic Ia?éf%iﬁ%é@e%?%%&%%@é vice of claim 47, wherein the clearance area in the

second region-comprises a carbon-containing low-k dielectric, layer. 30 55..A semiconductor device
Flnpg g{li ?g Aescl ,@cﬁ’ ﬂﬂ? %lc

comprising: a su R Vllﬁgaa 1&Bh ?/rér% r;é% axed SI’x %I, ?aye?'fc‘)ur?tt%e first silicon layer,

and a strained silicon layer on.the relaxed, Sij.Pex layer; and one qr more field-effect transistors formed
on the strai%ﬁ’ﬁﬁéﬁqﬂfﬁqu@ﬁ@rgﬁﬁﬂ%tEﬁ#FzﬁFﬂ%ﬁg%l arsﬂ@stantially the <100> crystal

orientation. . . - .
one or more field-effect transistors formed on the strained silicon layer, wherein

the current flow is along substantially the <1003 crystal orientation.

56.  The semiconductor device of claim 55, wherein the substrate is a wafer having a
notch such that an angle formed between the <100> crystal orientation of the substrate

and a line formed by the notch and the center of the wafer 15 less than about 7 degrees.

57.  The semiconductor device of claim 55, whersin the semiconductor device
includes 2 PMOS transisior and an NMOS transistor, a ratio of a gate width of the PMOS
transistor to & gate width of the NMOS transistor 1 about equal to a ratio of electron

mobility to hole mobility in the first silicon layer.

58.  The semiconductor device of claim 55, wherein the samiconductor device
includes 2 PMOS transistor and an NMOS transistor, a ratio of a gate width of the PMOS
transistor to a gate width of the NMOS transistor is about equal to 2 ratio of electron

mobility to hole mobility in the strained silicon layer.

39 The serniconductor device of claim 55, wherein the semiconductor device

includes-a PMOS transistor and an NMOS transistor, a ratio of a gate width of the PMOS
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56, The semiconductor device of claim 55, wherein the substrate is a wafer having a notch such that
an angle formed between the <100> crystal orientation of the substrate and a line formed by the notch
and the center of the wafer is less than about 7 degrees. 57. The semiconductor device of claim 55,
wherein the semiconductor device includes a PMOS transistor and an NMOS transistor, a ratio of a
gate width of the PMOS transistor to a gate width of the NMOS transistor is about equal to a ratio of
electron mobility to hole mobility in the first silicon layer. 58. The semiconductor device of claim 55,

wherein the,sermigoRdhcienslgyice doshitss & RMGS IBASIsiRE A0t 2R MQS rppsisor, aratio of a

gate width of the PMOS transistor to a gate width of the NMOS transistor Is about équal to a ratio of

electron mo J;%E%&?AE M’H%&%S’f?ﬁﬁ%@g@ gi%‘%@{%ﬂ 1‘3a9. The semiconductor device of claim

55, wherein the semiconductor‘device Inc fansistor and an NMOS transistor, a ratio of
a gate width of the PMOS 31 transistor to a gate width of the NMOS transistor is about equal to the
square root of the_ratio of electron mobility to hole mobility in the first silicon layer. 60. The
semicondudfdr deliiescareraucss daiesrefitiaie s&mibemuubeordivindsdioctietiEs a PMOS transistor and
an NMOS transistor, a ratio of a gate width of the PMOS transistor to a gate width of the NMOS
transistor isizahsigs e§iEPYcens SquaneaoMPSHensistor, a ratio of a gate width of the PMOS

transistor to & gate width of the NMOS transistor is about equal to the square root of the

ratio of electron mobility to hole mobility in the strained silicon layer,

61.  The semiconductor device of claim 55, wherein x is greater than about 0.1 and

less than about 0.5.

62.  The semiconductor device of claim 53, wherein the strained silicon layer has a

surface roughness of less than about 1 nm.

63.  The semiconductor device of claim 55, wherein the semiconductor device
comprises at least one of a NOR gate, a logic gate, an inverier, an XOR gate, a NAND

gate, 2 pull-up transistor, and a pull-down transistor.

64 The semiconductor device of claim 53 , further comprising a first region and a
second region, the first region comprising microelectronics devices and a pluratity of
metal layers, the second region comprising a plurality of metal layers, and the second
region further comprising a die-saw edge and a clearance area, the clearance area being

an area without & top metal layer over the substrate.
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ratio of electron mobility to hole mobility in the strained silicon layer, 61. The semiconductor device of
claim 55, wherein xis greater than about 0.1 and less than about 0.5. 62. The semiconductor device of
claim 55, wherein the strained silicon layer has a surface roughness of less than about 1 nm. 63. The
semiconductor device of claim 55, wherein the semiconductor device comprises at least one of a
NOR gate, a logic gate, an inverter, an XOR gate, a NAND gate, apull-up transistor, and a pull-down
transistor. 64. The semiconductor device of claim 55,. further comprising a first region and a second
region, the first region comprising microelectronics devices and a plurality of metal layers, the second
region comprising a plurality of metal layers, and the second region further comprising a die-saw edge
and a cleafance g}ﬂéé‘?‘ﬂ‘l@ HeiPs dedssralrigambs. arhereimthvitiounee epenintht kegendver the substrate.
32 65. The semiconductor device of claim 64, wherein the clearance area in the second region
comprises BEAHFCHIBISEAS TP f5AH 6t 1o rbintwidithn 86wiRtle semiconductor device of claim 64,
wherein the clearance area in the second region comprises a strip without inter-metal layer over the
substrate. 67. The semiconductor device of claim 64, further comprising seven or more metal

66.  The semiconductor device of claim 64, wherein the clearance ares in the second

region comprises a strip without inter-metal layer over the substrate.

67.  The semiconductor device of claim 64, further comprising seven or more metal

( layers formed over the substrate.

68.  The semiconductor device of claim 64, wherein the clearance area in the second

region comprises a strip about 0.5 pm to about 10 pm in width without active area.

69.  The semiconductor device of claim 64, wherein the clearance arez in the second

region comprises a low-k dielectric Javer with a dielectric constant less than silicon oxide.

70.  The semiconductor device of claim 64, wherein the clearance ares in the second

( Tegion comprises a fluorine-containing low-k dielectric layer.

71 The semiconductor device of claim 64, wherein the clearance ares in the second

region comprises a carbon-containing low-k dielectric layer.
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layers formed over the substrate. 68. The semiconductor device of claim 64, wherein the clearance
area in the second region comprises a strip about 0.5 m to about 10 4m in width without active area.
69. The semiconductor device of claim 64, wherein the clearance area in the second region
comprises a low-k dielectric layer with a dielectric constant less than silicon oxide. 70. The
semiconductor device of claim 64, wherein the clearance area in the second region comprises a

fluorine-conﬁir}insg low-k. digle&tri.c layer. 71. The semiconductor device of claim 64, wherein the
. Hiconductor device ¢ 11’33}‘]51].’}.0.

clearance aréa In the second region comprises a carbon-containing low-k dielectric layer. 33 72. A
semiconductor devjcgeupprising: a substrate; a first transistor formed on the substrate, the first
transistor having a first gate electrode and a first source/drain region, the first transistor being oriented
such that current Hawsthreughihefiestsouecaidiain, egionissubsianiially aforgire <100> crystal

orientation of the substrate; and a second transistor formed on the substrate, the second transistor
having a seebrtbdatadeléctredeaniam segondisdust GidraireT dgichetisetabashdhgtansistor being
oriented such that current flow through the second source/drain region is substantially along the
<100> crystﬂ‘PW through the first source/drain region is substantially along the <100> crystal orientation
of the substrate; and
a second transistor formed on the substrate, the second transistor having a second gate
electrode and a second source/drain region, the second transistor being oriented such that
current flow through the second source/drain region is substantially along the <100> crystal
orientation of the substrate;
wherein each of the first gate electrode and the second gate electrode have spacers
formed alongside, the spacers of the first transistor being larger than the spacers of the second

transistors, and wherein at least one of the first transistor and the second transistor have

spacers formed above a silicide region of the substrate.
73. The semiconductor device of ¢claim 72, wherein the substrate comprises a wafer having a

notch such that an angle formed between the <100> crystal orientation of the substrate and a

line formed by the notch and the center of the wafer is less than about 7 degrees.

34



orientation of the substrate; wherein each of the first gate electrode and the second gate electrode
have spacers formed alongside, the spacers of the first transistor being larger than the spacers of the
second transistors, and wherein at least one of the first transistor and the second transistor have
spacers formed above a silicide region of the substrate. 73. The semiconductor device of claim 72,
wherein the substrate comprises a wafer having a notch such that an angle formed between the
<100> crystal orientation of the substrate and a line formed by the notch and the center of the wafer is
less than about 7 degrees. 34 74. The semiconductor device of claim 72, wherein the first transistor is

a PMOS transigiors And ik S6CARGLIBRSIFION S ARNMBS Aransilai.ARY IRgGeaaRgsEansistor has

spacers formed above a silicided region of the substrate. 75. The semiconductor device of claim 72,

wherein theagylbsiratedaciisiesa shallovwdenshiderlaiominparing.aliassantpdhessuhsimte. 76. The
semiconductor device of claim 72, wherein the substrate is bulk silicon. 77. The semiconductor device

of claim 72,avhererilthéeguiistnate isegigenueonductor-on- insulator substrate having an insulator layer
formed on a first silicon layer and a second silicon layer formed on the insulator layer and wherein the
substrate comprises a wafer having a notch such that an angle formed between the <100> crystal

orientation of the second silicon
5. The semiconductor device of claim 72, wherein the substrate includes a shallow trench

isolation imparting stress onio the substrate.

76, The semiconductor device of claim 72, wherein the substrate is bulk silicon.

77. The semiconductor device of claim 72, wherein the substrate is a semiconductor-on-
insulator substrate having an insulator laver formed on a first silicon layer and a second
silicon layer formed on the insulator layer and wherein the substrate comprises a wafer having
a notch such that an angle formed between the <100> crystal orientation of the second silicon

layer and a line formed by the notch and the center of the wafer is less than about 7 degrees.
78. The semiconductor device of claim 72, wherein the substrate comprises a first
semiconductor material with a first lattice constant and a second semiconductor material with

a second lattice constant.

79. The semiconductor device of claim 78, wherein the first semiconductor material

comprises silicon-germaniuim.

35



layer and a line formed by the notch and the center of the wafer is less than about 7 degrees. 78. The
semiconductor device of claim 72, wherein the substrate comprises a first semiconductor material with
a first lattice constant and a second semiconductor material with a second lattice constant. 79. The
semiconductor device of claim 78, wherein the first semiconductor material comprises
silicon-germanium. 35 80. The semiconductor device of claim 72, wherein the substrate comprises a
first silicon layer, a relaxed Sil_,Gex layer on the first silicon layer, and a strained silicon layer on the
relaxed Sil_xGex layer. 81. The semiconductor device of claim 80, wherein the strained silicon layer

has a surfagg 1QUIRARSSALISSIRALADRM 2nThRdn T SRRIcRAYGIOL daYigeiptblaim 80, wherein

the semiconductor device includes a PMOS transistor and an NMOS transistor, a ratio of a gate width
of the PMOGiteansigtaeicsa. galeavwidsh ok thet MMOS dransistor ssaahautiraualie apraio of electron
mobility to hole mobility in the first silicon layer. 83. The semiconductor device of claim 80, wherein
the semicondastdridetiegdnoludes a PMOS transistor and an NMOS transistor, a ratio of a gate width
of the PMOS transistor to a gate width of the NMOS transistor is about equal to a ratio of electron
mobility to hole '

81. The semiconductor device of claim 80, wherein the strained silicon layer has a surface

roughness of less than about 1 nm.

82. The semiconductor device of claim 80, wherein the semiconductor device inciudes a
PMOS transistor and an NMOS transistor, a ratio of a gate width of the PMQOS #ransistor to g
gate width of the NMOS transistor is about equal to a ratio of electron mobility to hole

mobility in the first silicon layer.

83. The semiconductor device of claim 80, wherein the semiconductor device includes a
PMOS transistor and an NMOS transistor, a ratio of a gate width of the PMOS transistor to a
gate width of the NMOS transistor is about equal to a ratio of electron mobility to hole

mobility in the strained silicon layer.

84. The semiconductor device of claim &0, wherein the semiconductor device mcludes a
PMOS transistor and an NMOS transistor, a ratio of a gate width of the PMOS transistor to a
gate width of the NMOS transistor is about equal to the square root of the ratio of electron

mobility to hole mobility in the first silicon iayer.

85. The semiconductor device of claim 80, wherein the semiconductor device inciudes a

PMOS transistor and an NMOS transistor, a ratio of a gate width of the PMOS
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mobility in the strained silicon layer. 84. The semiconductor device of claim 80, wherein the
semiconductor device includes a PMOS transistor and an NMOS transistor, a ratio of a gate width of
the PMOS transistor to a gate width of the NMOS transistor is about equal to the square root of the
ratio of electron mobility to hole mobility in the first silicon layer. 85. The semiconductor device of
claim 80, wherein the semiconductor device includes a PMOS transistor and an NMOS transistor, a

ratio of a gate vv.i(%th of the PMOS 36 t istor to. a gate width of the NMOS transjstor is. about equal to
e o 8 R R A IR O A et IR s HATsie oo S

semiconducgpglggydﬁgnggﬁ:}@@m 80, Wgﬁqwiﬁ(ﬁ@ggﬁ%%g%;.o.l and less than about 0.5. 87. The

semiconductor device of claim 72, wherein at least one of the first transistor and the second transistor
have a dielectric liner between the spacer and the substrate, the dielectric liner being formed of a
material selected from the group consisting essentially of an oxide, a nitrogen-containing oxide, or a
combinatiortéhé&heckn8Bonihetseaimicenduttor 8 viteroholasrer8fsviiverainua Oratisl désa thadth of the
spacer to a thickness of the dielectric liner is less than about S. 89. The semiconductor device of
claim 87, witkpaifhe dielectric liner is less than about 350

87. The semiconducior device of claim 72, wherein at least one of the first transistor and the
second fransistor have a dielectric liner between the spacer and the substrate, the dielectric
liner being formed of a material selected from the group consisting essentially of an oxide, a

nitrogen-containing oxide, or a combination thereof.

88. The semiconductor device of claim 87, wherein a ratio of a width of the spacerto a

thickness of the dielectric liner is less than about 5.

89, The semiconductor device of ¢claim 87, wherein the dielectric liner is less than about 350

A in thickness.

90. The semiconductor device of claim 72, wherein the silicided region comprises nickel

silicide, cobalt silicide, platinum silicide, or palladium silicide.

91. The semiconductor device of claim 72, wherein at least one of the first transistor and the

second transistor is covered with a tensile-siress film.

92, The semiconductor device of claim 91, wherein the tensiie-stress film exerts a tensile

stress of a magnitade of about 50 MPa to about 2 GPa.
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A in thickness. 90. The semiconductor device of claim 72, wherein the silicided region comprises
nickel silicide, cobalt silicide, platinum silicide, or palladium silicide. 91. The semiconductor device of
claim 72, wherein at least one of the first transistor and the second transistor is covered with a
tensile-stress film. 92. The semiconductor device of claim 91, wherein the tensile-stress film exerts a
tensile stress of a magnitude of about 50 MPa to about 2 GPa. 37 93. The semiconductor device of
claim 72, wherein the spacers are formed of a material selected from the group consisting of silicon
nitride (Si3N4), a nitrogen containing layer other than Si3N4, SiN,, silicon oxynitride SIOXN, silicon
oxime SIONyHyREALARRINAIRR.LHLLRA] P4 HiRAeRIcoRICIYr deyige pf flaim,r2, wherein an

inter-layer dielectric is deposited over the first transistor and the second transistor, the inter-layer

dielectric exaningdatensiestigseonsubsantialiyalengithsisopreedessratadinastion.of afpeut 0.1 GPato
about 2 GPa. 38 95. A method of forming a semiconductor device, the method comprising: providing a
substrate; fobanirg . Fahsistrcontheisidostiail, thietramsistafiDavird, aghieslédtrode and spacers

thereof.
94. The semiconductor device of claim 72, wherein an inter-layer dielectric is deposited over

the first transistor and the second transistor, the inter-layer dielectric exerting a tensile stress

substantially along the source-to-drain direction of about 0.1 GPa to about 2 GPa.
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formed alongside the gate electrode; and forming a silicided region along the surface of the substrate
such that at least a portion of the silicided region extends beneath the spacers, wherein current flow
through a source/drain region of the transistor is substantially along a <100> crystal orientation of the
substrate. 96. The method of claim 95, further comprising forming a shallow trench isolation imparting
stress onto the substrate. 97. The method of claim 95, wherein the substrate is bulk silicon. 98. The
method of claim 95, wherein the substrate is a semiconductor-on-insulator having an insulator layer
formed on a first silicon layer and a second silicon layer formed on the insulator layer, wherein a

<110> crystgh orientation of the, firslsiicandavaris subrianfialvaliansd wigh.a <100> crystal

orientation of the second silicon layér. 99. The method of claim 98, wherein the second silicon layer
has a surface roughnegssoflessuthan about | ran. 39 100. The method of claim 95, wherein the
substrate comprises a first semiconductor material with a first lattice constant and a second
semiconductor materiainyithransecond datticesteos staniarkGior Theinpatirod odetadnabOOpastrerein the first
semiconductor material is SiGe.

formed alongside the gate electrode; and

forming a silicided region along the surface of the substrate such that at least a
portion of the silicided region extends beneath the spacers,

wherein current flow through a source/drain region of the transistor is substantially

along a <100> crystal orientation of the substrate.

96. The method of claim 95, further comprising forming a shallow trench isolation

imparting stress onto the substrate.

97. The method of claim 95, wherein the substrate is bulk silicon,

98. The method of claim 95, wherein the substrate is a semiconductor-on-insulator baving an
insulator layer formed on a first silicon layer and a second silicon laver formed on the
msulator layer, wherein a <1 10> crystal orientation of the first silicon layer is substantially

aligned with a <100> crystal orientation of the second silicon layer.

99. The method of claim 98, wherein the second silicon layer has a surface roughness of less

than about 1 nm.
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102. The method of claim 95, wherein the substrate comprises a first silicon layer, a relaxed Sil.,Ge,
layer on the first silicon layer, and a strained silicon layer on the relaxed Sil_xGe, layer. 103. The
method of claim 102, wherein the semiconductor device includes a PMOS transistor and an NMOS
transistor, a ratio of a gate width of the PMOS transistor to a gate width of the NMOS transistor is
about equal to the ratio of electron mobility to hole mobility in the first silicon layer. 104. The method of
claim 102, wherein the semiconductor device includes a PMOS transistor and an NMOS transistor, a
ratio of a gate width of the PMOS transistor to a gate width of the NMOS transistor is about equal to a

ratio oi elec 'ES?J“fﬂQR&H{H&PJﬁ91%19“9?'1119(&@1&*1%3&63&%{3 SHipeR 8y Ak H0Rs LG RGIRL of claim 102,

wherein the semlconductor device includes a PMOS transistor and an NMOS transistor, a ratio of a

gate width afithe BM@itcansisiar 106 daienwidthi @hthe:NMRSIdrangistalcimabewequal to the square
root of a ratio of electron mobility to hole mobility in the first silicon layer. 40 106. The method of claim

102, whereimthhmgemiconductor device includes a PMOS transistor and an NMOS transistor, a ratio
of a gate width of the PMOS transistor to a gate width of the NMOS transistor is about equal to the
square root of a ratio of electron mobility to hole

101. The method of claim 100, wherein the first semiconductor material is S1Ge.

102, The method of claim 93, wherein the substrate comprises a first silicon layer, a relaxed
Siy..Gey laver on the first silicon layer, and a strained silicon layer on the relaxed Si;.,Ge,

layer.

103. The method of claim 102, wherein the semiconductor device includes a PMOS transistor
and an NMOS transistor, a ratio of a gate width of the PMOS transistor to a gate width of the
NMOS transistor is about equal to the ratio of electron mobility to hole mobility in the first

silicon layer.

104. The method of claim 102, wherein the semiconductor device includes a PMOS transistor
and an NMOS transistor, a ratio of a gate width of the PMOS transistor to a gate width of the
NMOS transistor is about equal to a ratio of electron mobility to hoie mobility in the strained

silicon laver.

105, The method of ctaim 102, wherein the semiconductor device includes a PMOS transistor
and an NMOS transistor, a ratio of a gate width of the PMOS transistor to a gate width of the
NMOS transistor is about equal to the square root of a ratio of electron mobility to hole

mobility in the first silicon layer.
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mobility in the strained silicon layer. 107. The method of claim 102, wherein xis greater than about 0.1
and less than about 0.5. 108. The method of claim 95, wherein forming the transistor includes forming
a dielectric liner between the spacers and the substrate, the dielectric liner being formed of a material
selected from the group consisting of an oxide, a nitrogen-containing oxide, or a combination thereof.
109. The method of claim 108, wherein a ratio of a width of the spacer to a thickness of the dielectric
liner is less than about 5. 110. The method of claim 108, wherein the dielectric liner is less than about
350 Ain thickness. 111. The method of claim 95, wherein a ratio of a width of the spacer to a length of

the gate elegioge. is AROHEALRIIR AROULL-S, 12Fhe MEhod L Lt de, yaqein g gilicided region

comprises nickel silicide, cobalt silicide, platinum silicide, or palladium silicide. 41 113. The method of

claim 95, fUEﬁh’tﬁézﬁﬂmmgsfﬁﬂﬂE‘&tﬁ)‘&ﬂﬁéﬁﬁ%ﬁ&fﬂ%%b@@ﬂﬁ%ﬂﬁ‘%Qrgailté%afﬁl%fﬁ}@thOd of claim
113, wherein a ratio of the thickness of the tensile-stress film to the width of the spacer is about 0.5 to
about 1.6. NMOS transistor is about equal to the square root of a ratio of electron mobility to hole

mobility in the strained silicon layer.

107. The method of claim 102, wherein x is greater than about 0.1 and less than about (.5,
108. The method of claim 95, wherein forming the transistor includes forming a dielectric
liner between the spacers and the substrate, the dielectric liner being formed of a material

selected from the group consisting of an oxide, a nitrogen-containing oxide, or a combination

thereof.

109. The method of claim 108, wherein a ratio of a width of the spacer to a thickness of the

dielectric liner is less than about 5.

110. The method of claim 108, wherein the dielectric liner is less than about 350 A in

thickness.

111. The method of claim 95, wherein a ratio of a width of the spacer to a length of the gate

electrode s about (.8 to about 1.5.

112. The method of claim 95, wherein the silicided region comprises nickel silicide, cobalt

silicide, platinum silicide, or palladiom silicide,
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115. The method of claim 113, wherein the tensile-stress film exerts a tensile stress of a magnitude of
about 50 MPa to about 2 GPa. 116. The method of claim 95, wherein the spacers are formed of a
material selected from the group consisting essentially of silicon nitride (Si3N4), or a nitrogen
containing layer other than Si3N4, SiXNV, silicon oxynitride SIOXNV, silicon oxime SiON,:H,, and a
combination thereof. 117. The method of claim 95, further comprising forming an inter-layer dielectric
over the transistor, the inter-layer dielectric exerting a tensile stress substantially along the source-to-
drain direction of about 0.1 GPa to about 2 GPa. 118. The method of claim 95, wherein the step of

forming a silicided regiptyinEliiss s SiEhiRLALRGERS fSginR Ndndielartticline.dhgdielectric liner
being positioned between the spacer and the substrate; pre-cleaning the substrate; and forming the
silicided regignsi42-119. The method of claim 118, wherein the step of pre-cleaning is performed by
wet dipping the substrate in a solution of hydrofluoric acid, sulphuric acid, hydrogen peroxide,
NH40H, or a combination thereof. 120. The method of claim 95, wherein the silicide formed below the

spacer is formed less than about 70% of the width of the spacer.
114, The method of claim 113, wherein a ratio of the thickness of the tensile-stress film to the

width of the spacer is about 0.5 to about 1.6.

115. The method of claim 113, wherein the tensile-stress film exerts a tensile stress of a

magnitude of about 50 MPa to about 2 GPa.

116. The method of claim 95, wherein the spacers are formed of a material selected from the
group consisting essentially of silicon nitride (Si;Ny), or a nitrogen containing layer other than

SisNj, Si,Ny, silicon oxynitride SiO,N,, silicon oxime SiONy:H,, and a combination thereof.

117. The method of claim 95, further comprising forming an inter-layer dielectric over the
transistor, the inter-laver dielectric exerting a tensile stress substantially along the source-to-

drain direction of about 0.1 GPa to about 2 GPa.

118. The method of claim 95, wherein the step of forming a silicided region includes:
etching a recess region in a dielectric liner, the dielectric liner being positioned
between the spacer and the substrate;
pre-cleaning the substrate; and

forming the silicided region.
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121. The method of claim 95, further comprising forming microelectronics devices and a plurality of
metal layers in a first region and forming a plurality of metal layers in a second region such that the
second region comprises a die-saw edge and a clearance area, the clearance area being an area of
without a top metal layer over the substrate. 122. The method of claim 121, wherein the clearance
area in the second region comprises a strip about 0.5 m to about 10 m in width. 123. The method of
claim 121, wherein the clearance area in the second region comprises a strip without inter metal layer
over the substrate. 124. The method of claim 121, wherein the plurality of layers includes seven or

more metal | kayeys fRimes pyesihe substatenl 28, The-mathed of daimdadebarsin.ihe clearance

area in the second region a strip about 0.5 gm to about 10 gin in width without active area. 43 126.
The methodiefsalatmd Aila wheisinthededEanaioce: draapiuiheSachEdagi paeamPNEESH, dow-k
dielectric layer with dielectric constant less than silicon oxide. 127. The method of claim 121, wherein
the clearaneea@andarandhtheecdnd region comprises a fluorine-containing low-k dielectric layer. 128.
The method of claim 121, wherein the clearance area in the second region comprises a
carbon-containing low-k dielectric layer.

120. The method of claim 95, wherein the silicide formed below the spacer is formed less

than about 70% of the width of the spacer.

121, The method of claim 95, further comprising forming microelectronics devices and a
plurality of metal layers in a first region and forming a plurality of metal layers in a second
region such that the second region comprises a die-saw edge and a clearance area, the

clearance area being an area of without a top metal layer over the substrate.

122. The method of claim 121, wherein the clearance area in the second region comprises a

strip about 0.5 pm to about 10 pm in width.

123. The method of claim 121, wherein the clearance area in the second region comprises a

strip without inter metal layer over the substrate.

124. The method of claim 121, wherein the plurality of layers includes seven or more metal

layers formed over the substrate.

125. The method of ¢laim 121, wherein the clearance area in the second region a strip about

0.5 um to about 10 wm in width without active area.
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44 129. A method of forming a semiconductor device, the method comprising: providing a substrate;
forming a first transistor on the substrate such that current flow through a source/drain region of the
first transistor is substantially along a <100> crystal orientation of the substrate, the first transistor
having a first gate electrode and a. first spacer formed alongside the first gate electrode; and forming
a second transistor on the substrate such that current flow through a source/drain region of the
second transistor is substantially along a <100> crystal orientation of the substrate, the second
transistor having a second gate electrode and a second spacer formed alongside of a second gate
electrode, thesegand SBACPLARING sralarihandbe fiist.snane. Wisis R asilicids/egipn is formed
substantially along the surface of the source/drain region such that at least a portion of the silicide
region extengls-paneath ableastang.ekihe diistaspacanandithe saernd spacer. 130. The method of
claim 129, wherein the first transistor is a PMOS transistor formed in an n-well and the second
transistor is an NMOS transistor formed in a p-well. 131. The method of claim 129, further comprising

the step of forming a shallow trench isolation imparting stress onto the substrate. 132. The method of
claim 129, wRéréhs trehedwdteliieis2iumkhsifisilie clearance area in the second region comprises a

fluorine-containing low-k dielectric layer.

128. The method of claim 121, wherein the clearance area in the second region comprises a

carbon-containing low-k dielectric layer.
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45 133. The method of claim 129, wherein the substrate is a semiconductor-on-insulator having an
insulator layer formed on a first silicon layer and a second silicon layer formed on the insulator layer,
wherein a <110> crystal orientation of the first silicon layer is substantially aligned with a <100>
crystal orientation of the second silicon layer. 134. The method of claim 129, wherein the substrate
comprises a first semiconductor material with a first lattice constant and a second semiconductor
material with a second lattice constant. 135. The method of claim 134, wherein the first semiconductor
material is SiGe. 136. The method of claim 129, wherein the substrate comprises a first silicon layer, a

relaxed SilyxGe, Iyt on e st sllnn lavetyauda sae aicanexer on the relaxed SIL-Ge,

layer. 137. The method of claim 136, wherein the strained silicon layer has a surface roughness of
less than about L,amd138. skheragthod of claim 136, wherein the semiconductor device includes a
PMOS transistor and an NMOS transistor, a ratio of a gate width of the PMOS transistor to a gate
width of the NM@&transistotismskouteduatstaraticliofhelectron Mobilityiteghholexrngbility in the first
silicon layer. 46

region of the first transistor is substantially along a <100> crystal orientation of the substrate,

the first transistor having a first gate electrode and a first spacer formed alongside the first

gate electrode; and

forming a second transistor on the substrate such that current flow through a

source/drain region of the second transistor is substantially along a <100> crystal orientation

of the substrate, the second transistor having a second gate electrode and a second spacer

formed alongside of a second gate electrode, the second spacer being smaller than the first

spacer, whetein a silicide region is formed substantially along the surface of the source/drain

region such that at least a portion of the silicide region extends beneath at least one of the first

spacer and the second spacer.

130. The method of claim 129, wherein the first transistor is a PMOS transistor formed in an

n-well and the second transistor is an NMOS transistor formed in a p-well.

131. The method of claim 129, further comprising the step of forming a shallow trench

isolation imparting stress onto the substrate.

132. The method of claim 129, wherein the substrate is bulk silicon.
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139. The method of claim 136, wherein the semiconductor device includes a PMOS transistor and an
NMOS transistor, a ratio of a gate width of the PMOS transistor to a gate width of the NMOS transistor
is about equal to a ratio of electron mobility to hole mobility in the strained silicon layer. 140. The
method of claim 136, wherein the semiconductor device includes a PMOS transistor and an NMOS
transistor, a ratio of a gate width of the PMOS transistor to a gate width of the NMOS transistor is
about equal to the square root of a ratio of electron mobility to hole mobility in the first silicon layer.
141. The method of claim 136, wherein the semiconductor device includes a PMOS transistor and an

NMOS transigiof,a Falg, 91A aake wid D ofi0enE MQR.1a081SIaf do-dArie it gl e NMOS transistor

is about equal to the square root of a ratio of electron mobility to hole mobility in the strained silicon

layer. 142. Thensiekopn et elaimdlsat, meeraibxis,greater danahntiliengdigss tharabout 0.5. 143.
The method of claim 129, wherein the step of forming the second transistor includes forming a

dielectric linesetwésnrthvehgecondl $pacersahdriheasub st tite fithiesdiete tipo inebsketrgiformed of a
material selected from the group consisting of an oxide, a nitrogen- containing oxide, or a combination
thereof. 47 #Unetiathreti 8P o estim kagtiwhetdin gaericbleanigeh of the second spacer to a

thickness

134. The method of claim 129, wherein the substrate comprises a first semiconductor material
with a first lattice constant and a second semiconductor material with a second lattice

constant.

135. The method of claim 134, wherein the first semiconductor material is SiGe.

136. The method of claim 129, wherein the substrate comprises a first silicon layver, a relaxed
SipGey layver on the first silicon layer, and a strammed silicon layer on the relaxed Si,Ge,

fayer.

137. The method of claim 136, wherein the strained silicon layer has a surface roughness of

jess than about 1 nm.

138. The method of claim 136, wherein the semiconductor device includes a PMOS transistor
and an NMOS transistor, a ratio of a gate width of the PMOS transistor to a gate width of the
NMOS transistor is about equal to & ratio of electron mobility to hole mobility in the first

silicon layer.
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of the dielectric liner is less than about 5. 145. The method of claim 143, wherein the dielectric liner is
less than about 350 A in thickness. 146. The method of claim 129, wherein the silicided region
comprises nickel silicide, cobalt silicide, platinum silicide, or palladium silicide. 147. The method of
claim 129, further comprising the step of forming a tensile-stress film over the first and second
transistor. 148. The method of claim 147, wherein a ratio of the thickness of the tensile-stress film to

the width o a pacey i ut 0.5 to about 1.6. 149. The method of claim 147, wherein the
oo stods TR RS EPTH 30 SRA dicet TR R R e, The

method of claim, 129, uereindie, sRacsrs e {amed g anaterialseleried from;die.arpup consisting

of silicon nitride (Si3N4), or a nitrogen containing layer other than Si3N4, Si"N,, silicon oxynitride

SiO,N," silicorioximg skt N.a4dut apchacorbiINoR Hheraebikd bTbiclheomsthogodielaisa 129, further
comprising the step of forming an inter-layer dielectric over the first and second transistor, the
inter-layer didlestrigyexerting a tensile stress along substantially the source-to-drain direction of about
0.1 GPato 2 GPa. 152. The method of claim 129, wherein the step of forming a silicided region
includes:

140, The method of claim 136, wherein the semiconductor device includes a PMOS transistor
and an NMOS transistor, a ratio of a gate width of the PMOS transistor to a gate width of the
NMOS transistor is about equal to the square root of a ratio of electron mobility to hole

mobility in the first silicon layer.

141. The method of claim 136, wherein the semiconductor device includes a PMOS transistor
and an NMOS transistor, a ratio of a gate width of the PMOS transistor to a gate width of the
NMOS transistor is about equal to the sguare root of a ratio of electron mobility to hole

mobility in the strained silicon layer.

142, The method of claim 136, wherein x is greater than about (.1 and less than about 0.5.
143. The method of claim 129, wherein the step of forming the second transistor includes

forming a dielectric liner between the second spacer and the substrate, the dielectric liner

being formed of a material selected from the group consisting of an oxide, a nitrogen-

containing oxide, or a combination thereof.
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etching a recess region in a dielectric liner, the dielectric liner being positioned between the spacer
and the substrate; pre-cleaning the substrate; and forming the silicided region. 153. The method of
claim 152, wherein the step of pre-cleaning is performed by wet dipping the substrate in a solution of
hydrofluoric acid, sulphuric acid, hydrogen peroxide. NH440H, or a combination thereof. 154. The
method of claim 129, wherein the silicided region formed below the spacer is formed less than about
70% of the width of the spacer. 155. The method of claim 129, further comprising forming
microelectronics devices and a plurality of metal layers in a first region and a plurality of metal layers

in a secondyipgipn. SUGRIALINR $850NRLISHIPRLEOBIANSRS: Fifs SaW RAIR.ANd Algarance area, the

clearance area being an area without a top metal layer over the substrate. 156. The method of claim

155, whereigrthe GleanabtRareain dha seaerd region comprises a strip about 0.5 m to about 10 m in
width. 49 157, The method of claim 155, wherein the clearance area in the second region comprises a
strip without inter metal layer over the substrate. 158. The method of claim 155, wherein the plurality of
metal layers comprises seven or more metal layers formed over the substrate. 159. The method of

claim 155, whershs ihehaafaliie Heavheine Secbrlacreyisrcsipribas apout 350 A in

thickness.

146. The method of claim 129, wherein the silicided region comprises nickel silicide, cobalt

silicide, platinum silicide, or palladium silicide.

147. The method of claim 129, further comprising the step of forming a tensile-stress film

over the first and second transistor.

148. The method of claim 147, wherein a ratio of the thickness of the tensile-stress film to the

width of the spacer is about (.5 to about 1.6.

149, The method of claim 147, wherein the tensile-stress film exerts a tensile stress of a

magnitude of about 50 MPa to about 2 GPa.
150, The method of claim 129, wherein the spacers are formed of a material selected from the

group consisting of silicon nitride {SisN.), or a nitrogen containing layer other than SiaNy,

SixN,, silicon oxynitride SiON,, silicon oxime $iO,N,:H,, and a combination thereof.
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strip about 0.5 tm to about 10 Itm in width without active area. 160. The method of claim 155, wherein
the clearance area in the second region comprises a low-k dielectric layer with a dielectric constant
less than silicon oxide. 161. The method of claim 155, wherein the clearance area in the second region
comprises a fluorine-containing low-k dielectric layer. 162, The method of claim 155, wherein the
clearance area in the second region comprises a carbon-containing low-k dielectric layer. 50 163. A
semiconductor device comprising: a substrate; a transistor having a gate electrode and a source/drain
region formed on the substrate: a low-K dielectric formed over the substrate and the gate electrode;

and a silicides pegion frmee afiheSuiace ShNeFURRL AL Beigun e AiglRelic. hgLsiR.the

semiconductor device includes a first region and a second region, the first region comprising
microelectropigsidavigas Aad ALl O elRl-lRyer sidbarresnehegioniicemptising: at least one

metal layer, and the second region further comprising a die-saw edge and a clearance area, the
clearance asebsiasingyahareacofwvithoudiaetopnmesablayer GRerthaiBubstrate, 164. The semiconductor
device of claim 163, wherein the clearance area in the second region

152. The method of claim 129, wherein the step of forming a silicided region includes:

etching a recess region in a diefectric liner, the dielectric liner being positioned between the

spacer and the substrate; pre-cleaning the substrate; and forming the silicided region.

153. The method of claim 152, wherein the step of pre-cleaning is performed by wet dipping
the substrate in a solution of hydrofluoric acid, sulphuric acid, hydrogen peroxide, NH,OH, or

a combination thereof.

154. The method of claim 129, wherein the silicided region formed below the spacer is

formed less than about 70% of the width of the spacer.

155, The method of claim 129, further comprising forming microelectronics devices and a
plurality of meta! layers in a first region and a plurality of metal layers in a second region
such that the second region comprises & die-saw edge and a clearance area, the clearance area

being an area without a top metal layer over the substrate.

156. The method of claim 155, wherein the clearance area in the second region comprises a

strip about 0.5 pm to about 10 um in width.
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comprises a strip 0.5 m to about 10 pan in width. 165. The semiconductor device of claim 163, wherein
the clearance area in the second region comprises a strip without inter metal layer over the substrate.
166. The semiconductor device of claim 163, wherein the clearance area in the second region
comprises a strip about 0.5 m to about 10 m in width without active area. 167. The semiconductor
device of claim 163, wherein the clearance area in the second region comprises a low-k dielectric
layer with dielectric constant less than silicon oxide. 51 168. The semiconductor device of claim 162,
wherein the plurality of metal layers comprises more than 7 metal layers in the first region over the

substrate, and tye,GIRAIRRGE AEAS N ASEANT eginn somBrisesadiigdng contpining low-k dielectric

layer. 169. The semiconductor device of claim 162, wherein the plurality of metal [ayers comprises

more than §metatilaversdniba fisstregiomovnasiihg substrate, and the clearance area in the second
region comprises a fluorine-containing low-k dielectric layer. 170. The semiconductor device of claim

162, wherein the plurality of metal layers comprises more than 5 metal layers in the first region over
the substrate, the clearance area in the second region comprises a carbon-containing low-k dielectric
layer. 171. Thé ShenicdrmdudioledeVide whekiirthd sralifnerénetabl piemaitpoisterichyerytomprises

more than 6 metal layers in the first region over the substrate, the clearance area in the second
metal layers formed over the substrate.

159. The method of claim 155, wherein the clearance area in the second region comprises a

strip about 0.5 pm to about 10 pm in width without active area.

160. The method of claim 53, wherein the clearance area in the second region comprises a

low-k dielectric layer with a dielectric constant less than silicon oxide.

161. The method of claim 155, wherein the clearance area in the second region comprises a

fluorine-containing low-k dielectric layer.

162, The method of claim 155, wherein the ciearance area in the second region comprises a

carbon-containing low-k dielectric laver.
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region comprises a carbon-containing low-k dielectric layer. 172. The semiconductor device of claim
162, wherein the clearance area is positioned substantially in parallel to the die-saw edge longitudinal
direction, within about 300 gin distance from the die corner. 52

163. A semiconductor device comprising:

a substrate;

a transistor having a gate electrode and a source/drain region formed on the substrate:

2 low-K dielectric formed over the substrate and the gate electrode; and a silicide
portion formed on the surface of the substrate below the dielectric;

wherein the semiconductor device inciudes a first region and a second region, the first
region comprising microelectronics devices and a plurality of metal layers, the second region
comprising at least one metal layer, and the second region further comprising a die-saw edge
and a clearance area, the clearance area being an area of without a top metal laver over the

substrate,

164. The semiconductor device of claim 163, wherein the clearance area in the second region

comprises a strip 0.5 pm to about 10 pm in width.

165, The semiconductor device of claim 163, wherein the clearance area in the second region

comprises a strip without infer metal layer over the substrate.

166. The semiconductor device of claim 163, wherein the clearance area in the second region

comprises a strip about 0.5 pum to about 10 wm in width without active area.

167. The semiconductor device of claim 163, wherein the clearance area in the second region

comprises a low-k dielectric layer with dielectric constant less than silicon oxide.
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168. The semiconductor device of claim 162, wherein the plurality of metal layers comprises
more than 7 metal layers in the first region over the substrate, and the clearance area in the

second region comprises a fluorine-containing low-k dielectric layer.

169. The semiconductor device of claim 162, wherein the plurality of metal layers comprises
more than 8 metal layers in the first region over the substrate, and the clearance area in the

second region comprises a fluorine-containing low-k dielectric layer.

170. The semiconductor device of claim 162, wherein the plurality of metal layers comprises
more than 5 metal layers in the first region over the substrate, the clearance area in the second

region comprises a carbon-containing low-k dielectric layer.

171. The semiconductor device of claim 162, wherein the plurality of metal layers comprises
more than 6 metal lavers in the first region over the substrate, the clearance area in the second

region comprises a carbon-containing low-k dielectric layer.

172. The semiconductor device of claim 162, wherein the clearance area is positioned

substantially in parallel to the die-saw edge longitudinal direction, within about 300 um

distance from the die corner.
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