Conpl enentary Field-Effect Transistors and Methods of Manufacture [0001]
This application clainms the benefit of U S. Provisional Application No.
60/ 526, 133 filed on Decenber 1, 2003, entitled Conplenentary Field-Effect
Transi stors and Method of Manufacture, which application is hereby

I ncorporated herein by reference. TECHNI CAL FI ELD [ 0002] The present

I nvention relates generally to sem conductor devices, and nore

particularly, to conpl tary field-effect transistors and net hods of '
manuf act ur &"ﬂ%@%&%&iﬁﬁ%%ﬁ@&ﬁ@n&andMeﬁmdﬂmﬁMmfaetmm conduct or

field-effect transistors (MOSFET), including reduction of the gate length
and gate oxi de thickness, has enabled the continued inprovenent i.n speed,

per f or nH8H, ddhsiapplicationdlaoosthe paefitofikS. Providionginippfication Moreieod 183 rcui t's
over the- past few decades. To further enhance transistor performance,
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nobilities. Generally, it is desirab uce a tensi ain- in the
n- chann @a trapnsi.stor. i.n the squrce-to-drain direction, and to

i nduce gag rr%‘?rg’s& epglgqaﬁc?%sb?{c@ﬁgcogo&q B0 RYFIeRIEBRS tr ansi stor in the
source-to-drain direction. There are several existing approaches of

I ntroducing strain in the transistor channel region. [0004] In one

convent TROENIGOPF®REh, as described in a paper by |I. Wlser et al.,
entitled "NMOS and PMOS Transistors Fabricated in Strained Silicon

/ Rel axed Silicon-Germani um
[0002]  The present invention relates generally to semiconductor devices, and more

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

BACKGROUND

[6003] Size reduction of metal-oxide-semiconductor field-effect transistors (MOSFET),
including 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 induc;e a
tensile strain in the n-channel of an NMOS transistor in the source-to-drain direction, and to
induce a compressive strain in the p-channel of a PMOS transistor in the source-to-drain

direction. There are several existing approaches of introducing strain in the transistor channel

region.

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

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



Structures,"” published at the Decenber 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 |ayer has a larger lattice
constant conpared to relaxed Si, and the |layer of Si grown on the rel axed
SiGe will have its lattice stretched in the lateral direction, i.e., it
wi |l be under biaxial tensile strain. Therefore, a transistor forned on

the. epi Franaiwp, Gk pai 1086 §021an¢ moorbayted haskih by hderence, acféla\(eﬂ@ihcérgghﬁﬂuﬁntﬂat s
under biaxial tensile strain. In this approach, the rel axed Si Ge buffer

layer ca8ibe) buffierlayst is Qfovitled Benedith HR tﬁ:ﬁ&fneltlj@ bn. "f‘ﬁe r&ﬁkﬁﬁ%zG%fa&é% a8 ‘f]' Lhe

channel region. The 'stressor, in 'S ca

transi st I 51 This a roach is very ensi ve because a
Si Ge buf ﬁ“’g 5@? Wi ?Zgécﬁﬁi“%{z‘%ggéa? &FEF&CP @ﬁa%ﬁo“’a@n ﬁliecf?]é’i’*?é‘t iGewHbkave o be
grown. Nuner.ous djslocations in the relaxed Si Ge buffer |ayer exist and
sone of ‘t‘ﬁet&%e SEF@'?&%EW&WM diecsiongas & wibh bt treleshiavial tesilesstiaine Ghertfapees ,
resulting in a substrate with high-defect density. Thus, this approach has

|im tatitewsistohitmeiran thebpibea sreinedslicond@r HINERETR Bhahel TBLST iha is Bh pert les.
[00061 I n another approach, strain in the channel is intToduced a ter t he
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a conpleted transistor struCture SI|
stress f SSQr,_exerts |f|cant |an uence on the channel,
nodi f yi nétﬂe%hrgﬁl%ti 1{1 038?183 SRR jngthe Q%ﬁg"ﬂ AgEieln thestressernivethis casgi srplacetbtlavhus

introducing strain in the
the fTansistor 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, resulting in a

substrate with high-defect density. Thus, this approach has limitations that are related to cost

and fundamental material properties.

[0006]  In another approach, strain in the channel is introduced after the transistor is formed.
In this approach, a high stress film is formed over a completed transistor structure formed in a
silicon substrate. The high stress film or stress—or e-xerts significant influence on the channel,
modifying the silicon lattice spacing in the chapnel region, and thus intrhoducing strain in the
channel régiqn. 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.



channel region. In this case, the stressor is placed above the conpl eted
transistor structure. This schene is described in detail in a paper by A
Shimzu et al., entitled "Local mechanical stress control (LMC): a new
techni que for CMOS performance enhancenent,” published in pp. 433- 436 of
t he Digest of Technical Papers of the 2001 International Electron Device
Meeting, which is incorporated herein by reference. 2 [0007] The strain
contrlbutsd by the high-stress filmis believed to be uniaxial in nature

with a W0VEcti dbe sraingpntbutedbytthehigiostresehois BelRbel 16bé QLD Mh nah??é"ﬁiﬁ?r 1
uni axial tensile strain degrades the hole nobility while uniaxia

conpr essi tieecidy @iallelde g asies-tb |
ger mani um can égrused to sel e???ggﬁﬁﬁée I"ax 9%1m§ ?gﬁﬁﬂcsgﬁ%g Eﬁﬁeﬁﬁole or
electro raded, .but th| S dlfflcult to i npl ement due
to the c dc])gs?lgb%]rﬂgﬁhir%?%} 041 S’ﬁ *HVE ﬁ'ﬁ%ﬁg gradei elc"é"ﬁ&ﬁ?‘?@lhtbt emigiplanetion
Therefor there is _a need for, an efficient and cost-effective nmethod to

i nduce sYrSEITHARETL$0 bR Hpedtin slesavely raearibe stoimasoathit dird Ield arsleofrod malsikiygé ors are
enhanced. 3 SUMVARY OF THE ‘| NVENTI ON [ 00081 These and ot her problens are
gener al | 8ot degrRded it this isficdr to diaplentent @md ©dhe RRE prokiRty 'k Bk cﬁ&‘ﬁ%}%&%es are

general |y achieved, by embodinents of the present i hventi on

provi deschangst &gjsjg@g sm&&gd&i&%qg a Xd? rov ct he %ﬁer atin
e

characteristics of the. sem conduc VI wamWﬂg&?acture

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



[ 0009] In one enbodi nent of the present invention, a sem conductor device
Is provide | d on a substrate wherein the current flowis substantially
al ong the <100> crystal orientation of the~ substrate. A silicide region
is formed substantially along the surface of the substrate beneath the
spacers, [0010] In another enbodi nent of the present invention, a

sem conduct or device is provided having a first transistor and a second
transi stor such that the current flowis substantially along a <100>
crystal orientation of the substrate. The spacers of the first transistor
arc | ar gefMMREY PREHEJNNENFION the second transistor, At |east a portion
of at |l east one of the spacers of the first transistor and the spacers of
t he sec ransi stor.i g formed over a sjlicided region., [0011]. In stil
yet ano?[ﬁ‘zqﬂ5 errbngi&f’iserr@ﬂq Oﬁ‘ler PREHY Lo Vel ?CB&, soiveﬂe rh‘i‘i’ff[]’in§e ofed to
forma sem conductor device. The nethod includes the steps of providing a
subst r attechnicyragvadpgen are igenesallyachiged, by embodéentsoof thapicsayt spertionswhitlong t he
side of a gate. electrode, and formng a silicided region substantially

al ong t hgowdesfaeeaindd tdecontiusdrr dvie &Eciﬁpfd?atth@togér@cﬁx%t clarRfidticO b Qe t he
silicided region extends beneath the spacers, The transistor is forned such

that cur dubs r I rain region of the transistor is
subst antslfengl(ﬁr;/ ua@%?%‘%@%@%ﬁ%?@!f%&h%ﬂ entation of the substrate. 4
[0012] In yet another enbodi ment of the present invention, a nmethod is

provi ded0069] f or Moke embeHifiend UGS PescdeMihton) 8 WrliBordudtbrdelicd & R & a and- a
second transistor. The nethod i ncl udes the

substrate wherein the current flow is substantially along the <100> crystal orientation of the

substrate. A silicide region is formed substantially along the surface of the substrate beneath the

SPACEIS.

[0010] In another embodiment of the present invention, a semiconductor device is provided
having a first transistor and a second transistor such that the currént flow is substantially along a
<100> crystal orientation of the substrate. The spacers of the first transistor are 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 is formed over a silicided region.

[0011} In still yet another embodiment of the present invention, a method is provided to
form a semiconductor device. The method includes the steps of providing.r> 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 trzAmsistor is formed such that current flow
through the source/drain region of the transistor is substantially along the <100> crystal

?

orientation of the substrate.



steps of providing a substrate, formng on the substrate a first transistor
havi ng a spacer fornmed along the side of a first gate el ectrode such that
current flow through a sourceldrain region of the transistor is
substantially along the <100> crystal orientation of the substrate; form ng
on the substrate a second transistor having a second spacers forned al ong
the side of a second gate electrode, the second spacer being smaller than
the first spacer, and formng a silicided region substantially along. the
sur f ace [8812 he Is yeisanplierenshodimenthafttheagresemdnventionp o rieihod isqfrovidd 6 fdringd ded
region extends beneath at |east one of the first spacer and the second

spacer . sémBB{dE&orQE%hRngq\ﬁ@raﬁﬁﬁo%nglﬁd ARk T menmdPhosQ TR ete

under st andi ng of the present invention, t he advant ages t hereof,

referen ' . e followng descriptians taken in conjunction
it o nateot 3 AREE St Gud Wi onlhE e 0 i ens RRTE R et et
cross-sg&tggg yieﬁs of a wafer after various process steps in accordance
wi th ondl@gHsdidaht figst saireeqypdasseh thatppaent flow thipaad p5purse/dainZegion afher at es a
waf er in accordance with one enbodi nent of the present invention; and

[0016] Fla@Sitordasddtantidlysiongttee S100M iydrabrientation SLME GotREME! mfmi@l'%%n Ghe @ wafer
in accordance w th one enbodi nent of the present invention. -
substrate a sccond 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

subs;antially 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.



DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0017] The neki ng and
using of the presently preferred enbodi nents are di scussed in detai

bel ow. It should be appreciated, however, that the present invention

provi des nmany applicable inventive concepts that can be enbodied in a w de
variety of specific contexts. The specific enbodi nents discussed are
merely illustrative of specific ways to make and use the invention, and do
not limt the scope of the invention. [0018] FIGS. la-le illustrate a first
nmet hod e ient for fabricating strained- channel regions of transistors
ina se ?ggﬁgﬁgpgpq@WFﬁ!qﬁ¥ﬁB&A B8 of the present invention illustrated
herein may be used in a variety of circuits. For exanple, enbodi nents of
the pre i nvient. i may; be ytilized formcircuits r at es,

ogi 6 oattaa ' 1R, Bl OR¥ieR ndbndiiaes B oBae Sriiin, fud B ipristrr
pul I -up transistor, NMOS transistor for pull-down transistor, and the |ike.
[0019] HeaTer FelEpnes pssttow gafy o the dollowingafleseriptions faers ioomnjunotiqr withilg a fi r st.
transi stor 102 and a second transistor 104 fornmed on a substrate 110. In

t he pr efaecompanyengabavingnin whidhe substrate 110 conprises bul k silicon having
a crystal orientation of <100>. Alternatively, the silicon substrate 110
may be an active |ayer of a sem conductor-on-insulator (SOL substrate. In
this. 40838} natFIG8. darboa@rcnernts:scation views ok alwafer aftsf ahieus Q@fceso ieps &E'S
silicon having a crystal orientation of <100> forned on an insul ator ,
| ayer. TEherdansutidione embyddneniafthdpeschOfveai@pl €, a buried oxide (BOX) |ayer
or a silicon oxide layer. The insulator layer is provided on a substrate,

typicalléba“ silicon or glass substrate, but preferably a silicon
subst r atl80Rhvi fdCa 2cillysiraies 20mafentimtaceondande with Oome embodiment of the present

invention; and

[0016] FIGS. 3a-3d illustrate structures of a semiconductor die of a wafer in accordance

with one embodiment of the present invention.



[ 0020] I n anot her enbodi nent, the substrate 110 is a nulti-layered
structure, wherein the |ayers 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 Site layer is
formed on a bulk silicon |ayer, and a relaxed Si Ge |ayer overlies the
graded Si Ge layer. The relaxed Sil-xGex |ayer, wherein xis preferably

0. 1<x<0.5has a larger natural lattice constant than that of silicon.

Relaxed |liconis said to be |lattice-m smatched with respect
rel M@&R&@OQ@LBU§MTWMBQPMNE% intheir lattice
constants As a result, a thin layer of silicon that is epltaX|aIIy gr own

on the ed i i 1 l..be_under biaxial te |Ie Strain cause 't he
lattice [@*ﬁr ’@ﬁ%nﬁ%ﬁdusﬁg of l]elp&eg;p V QWE 68’8{3?@“ ﬁaé?\dlts%’sﬁeﬂé“ cic tice of

t he rel axed crystal line SiGe layer. In this enbodinent, it is preferred
that thédeleyy df fold b appTERHIC hewertt, fhats tha presesi inypntin ipvides man0gplicabp021]

Anot her nulti-layered substrate conprises a first |ayer having a first

nat ur al ikvantiiecencepo kst amt be dulwdizana alvige rarkavimgedficenead. M ypaifid attice
constant is forned on the first layer. The first layer may be fornmed of an

al loy s @EhoRRAME iRkusol ke 'ﬂus§%%@§)ﬂﬁﬁ£ oy pA@ AU S SRR CL OF

or the I'tke. For exanple, I rst %nd  the

second | a or a layer containing Ge/C. In these
mul ti-| 59 &e@%&?sﬁ?pgn?ﬁ‘f’ @E’Pf ace roughness of the strained surface
| ayer is |less than about 1nm [0022] Isolation regions, such as shall ow

trench igrBpt i omesliie MBrakCs HRL Mool dmbSfiment 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 pull-up transistor, NMOS transistor 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 104 formed on a substrate 110, In the preferred embodim_snt, 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 silicor having a crystal orientation
of <100> formed on an insuiat_or Iaycr. 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-



substrate 110. The STlIs 112 are known and used in the art. It is understood
that other isolation structures, such as field oxide (e.qg., fornmed by the
| ocal oxidation of silicon) may be used. It should also be noted that the
STl 112 may induce a tensile stress on the wafer 100. [0023] A gate
dielectric layer 114 and a gate electrode 116 are fornmed 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
oxyni t r | G§ERANETN &;Qﬁi sybistrate wish a streinss sidieon sarfadedayey eBsnextiy, ai grideg S dagietle, a
conbi nation thereof, or the like. Preferably, the gate dielectric 114 has a

rel ati veis fqpmedort 4 bulk tijicondhyes, 264 € AlBed BITRNaRP Ovlicd theIritRl sRxAM-e§nPf such
materi als include al um num oxi de, |anthanum oxi de, ‘hafni um oXi de,

zi r coni ygpaxisie | N QL kL [ inations. . .thereof. [0024] In
the preferred é‘%"c}giﬁ ?fmé@“?ﬁ#%%?’ﬁ%l%é? ‘gf?%‘i%éf’%%trﬁﬁ%al |1%§F8F°¥Ea&f t%@h'pri ses
an oxide. layer, t te dielectric |ayer 114 may be forned by any

oxi dat i &ﬁatd]? &f}ié?é%, E@a%ﬁ Gstaflie gicon gy yaif fe berastticoxmismaichad With sgspestribd ent
conprising an oxide, H2O NO or a conbination thereof, or by chem cal

vapor depesicrisalipVOr duetohin diffierance i thejr latict ednstantet Ay4 result, Hnislayer 6At €
(TEGCS) and oxygen as a precursor. In the preferred enbodi nent, the gate

di el ect izl ayels ohididly iy BuodulkRd SIOMe b habbEhASERic Bk ™" ©

preferably about 16 A in thickness. [0025] “The gate ele
prefera ORPRI.SES conductive.material . such as,a netal (e g.
t ant al ulry;ey u%?et %’ﬁilélﬁ?ﬁ% Oﬁﬁ,@&ﬁﬁ?ﬁ &tsﬂﬁagfseﬁfccglt%ﬁﬁ%% the, lattige f the Felakel um
r ut heni u;ry) a . ) ) .
crystaltine SiGe layer. In this embodiment, it is preferred that the strained silicon has a crystal

orientation of <100z,

[0021] Another multi-layered substrate comprises a first layer having a first natural lattice
constant. A second layer.having a second natural laﬁice constant is formed on the first layer.
The first layer may be formed of an alloy semiconductor, an element semiconductor, a
compound semiconductor, or the like. For example, the first layer may be formed of SiGe, and
the second Iaycr may be formed of Si or a layer containing Ge/C. In these multi-layered

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

[0022]  Isolation regions, such as shallow trench isolations 112, may be formed in the
substrate 110. The STTIs 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 oxidatio_n 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 jn the art on the substrate 110. The gate dielectric 114 is preferably a high-K dielectric

Iaterial, such as silicon oxide, silicon oxynitride, silicon nitride, an oxide, a Ritrogen-containing



netal silicide (e.g., titaniumsilicide, cobalt silicide, nickel silicide,
tantalumsilicide), a netal nitride (e.g., titaniumnitride, tantalum
nitride), doped poly-crystalline silicon, other conductive mterials, or a
conbi nation thereof. In one ' exanple, anorphous silicon is deposited and
recrystallized to create poly-crystalline silicon (poly-silicon). In the
preferred enbodinent in which the gate electrode is poly-silicon, the gate

el ectrode. 116 miﬁjinbe ftgr d bé g positi ngi doped or undoped poly-silicon by
| ow pr es&ffte & CRERIHELR %f%r OLjEp d&et i fBserepcbp)eate dlidect Eldnkasst sekitivhe range
of about 400 A to about 2500 A, but nore preferably about 1500 A .[0026]
The gat epedhidivéiy tvalue gleaigr thanl abdué 49 dbtberedxamplesoofesutt ManEiyls heldativarmed by
phot ol i t hography techniques as is known in the art. Cenerally,

phot ol i t Hod ARtfXkDYedeY BEniuBeRRER! Litdds: t ' fierd Whiogh s then
masked, exposed, and devel oped. A?ltdg?m?lhdeﬁ%’ %E%?%?gg@{de%gémPlgg%g{1terned,
an et chi gre(&rocess may be perfornmed to renove unwanted portions of the
gate dierectric material and the gate electrode material to formthe gate
dielectric 114 and the gate electrode 116 as illustrated in FIG la. In

t he prefm{ﬁ?i ﬁgfogeipf%fe diethbWilirea: intvﬁﬁchgﬁf: gat@'tﬁ‘&éc&ﬁcﬁa?ﬁﬁ%b ists an

pol y-cryst icon and the gate dieléectric matetrial is An oxide, ‘the
etching pr e.a wet or. . dry, ani seiropic.or isotropigc, etch
process, 8{5%? 8%? é@tg@fe&cfr%\%yﬁhﬁﬁﬁ?%%?w&% ox{dationyreresss .Cﬁ POBBP I n one
enbodi ment, the width of the gate electrode is different for PMOS devices

and NMOSrY digresd gxidatiop i @rambisgtepmnaisiog pnpvide, Ho®.8N®,ar i gombinatioe thyeeoh omi dt h of
t he PMOS devi ces .

by chemical vapor deposition (CVD) techiniques using is tetra-ethyl-ortho-silicate (TEOS) 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, snch as 2 metal
(e.g., tantalum, titanium, molybdenum, tungsten, platinum, aluminum, hafnfum, ruthenium), a
metal silicide (e.g., titanium silicide, cobalt silicide, nickel silicide, tantalum silicide), a metal
nitride (e.g., titanium nitride, tantalum nitride), doped poly-crystalline silicon, other conductive
materials, or a combination thereof. :’I'n one example, amorphous silicon is deposited and
recrystailized 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 pattemed by
photolithography techniques as is known in the art. Generally, photolithography involves

dCPOSiting a photoresist material, which is then masked, exposed, and developed. After the



to the gate wwdth of the NMOS devices is about equal to the ratio of
electron nobility to hole nobility in bulk silicon or strained silicon. In
anot her enbodi nent, 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 nobility to hole nobility in bulk silicon or strained
silicon. [00281 Source/drain regions 118 are a |lightly-doped drain (LDD)
formed by ion inplantatiqn, The source/drain regions 118 nay be i nplanted
Wit h anPRQrGSHE %"gahﬁiatt% hah §Ichigy guoness Bayg be preHpEge do remeEnimwanisft i nony,

or the like, to fabricate NMOS devices or may be inplanted with a p-type
dopant , patiods of ¢helpate die]ectrc wmteniahandi thedg atnelecerndt thaveial tokferm the ghtabiielecsite PMOS
devices. Optionally, NMOS devices nay be fabricated on the sane chip as

PMOS  dgyd &RShe faft dIEHBAOPH6! 28 At REPRAHOEN (In ke igﬁ@é‘rré&%rﬂﬂ@%%ﬁ% Ynieg utilize

mul tiple masking and ion inplant steps as 1s Known in.the art such that

only specific,areas ar.e .inplanted wth n- e andior. p-type ions. [0029]
oot} onmafieyee e Rl b By 2 nt gy Y R A Rl Big D ap 8. ci ons
118. For exanple, an epitaxial silicon |ayer about 200 A may be grown on
t he waf & etchigpeicess siay baeiwghor drieanisotropioor isptrppiefethaitopss] s prefanably B00 A
above the surface of the substrate to 50 A bel ow the surface of the

subst r ae anifddO0FOliryletch pagess] so been found that orienting the transistors, or
ot her sem conductor devices,

[0027] In one embodiment, the width of the gate electrodé is different for PMOS devices
and NMOS devices. - In one such embodiment, the ratio of the gate width of the PMOé 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 tixe 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, and the like, to fabricate
PMOS devices. Optionally, NMOS devices may be fabricated on the 'same' 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-type and/or

P-type ions.

[0029]  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 sitvation, the

10



such that the current flow will be substantially along the <100> crystal
orientation of the substrate inproves the hole and el ectron nobility.
Accordingly, it is preferred that the masks wused to pattern the

sourcel drain regions 118 are such that the current - flow through the
sourcefdrain regions 118 is substantially along the <100> crystal
orientation of the substrate. [0031] Referring nowto FIG |b, a dielectric

|l iner 12Q_and acer 12 ve been formed on the sides of the gate
electro Dlli@,m?%‘[ 5555‘@@*()%\9%@%’"? g Iséace Rbtge E‘Lbéfrﬁﬂt%)@rﬁoof helawithe surface
source/drain regions 118. Preferably, the dielectric liner 120 is one or
nmor e | apbthe swbtraim oxi de forned by any oxidation process, such as wet or
dry thermal oxidation in an anbient conprising an oxide, H2O NO or a
conbi nat | %ﬁ}thelr eof . or by chem cal vapor deposition (CVD) techniques

usi ng i $0638k r o TEBasypiso SpenHgundithat erensing te Apsisiersl o5 Rigiesemipsnducior desices,or . | n
the preferred enbodinent, the dielectric liner is about 20 A to about 350

A in t hisadhnthatsthe leutremuftosy pilkbe watslaytialighdoe thoQ1005 Brysthli edensssn of @R32] The
spacer 122, which forns a spacer for the second ion inplant, preferably

CONPY i S Ghstrith if MBI hiBadS 2 A Ny GORLAL D] ot her
than Si %?\‘I)é% such as Si xl\lyé,u(d%gi.’é Icggﬁg@nﬁcﬁ&@gﬁs%tﬁ%{%h@ |%%1§)ﬁ%§<%sne

Si OxNy: H2 r conpbi natign.thereof. In a preferred enpodipent, the spacer
Tog 1Y o Biefebiite fapeRRin ARS8 X S BoiberoRodo rBOREH B g
chem cal vapor deposition (C\/g} t echni ques using silane and amoni a as

pr ecur s GpurgpAlEs regfop 818 is substattiellpalefeshe «0e mystdl arentationtdfi thersalisirate.of t he wi dt h
of the spacer 122 to the thickness of the dielectric liner 120 is |ess

than 5, [l?(ﬁ?] mrf?eféanrir?gf I?orwat%lﬁfG. ib?gﬁie}egﬁaig li?lér 15 raJtJ 2? gpra]l?erreﬂz ihévesbggnuflogned
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 theﬁna} oxidation in an aﬁlbient comprising

an oxide, H0, NO, or a combination thereof, or by chemical vapor deposition (CVD) techniques

using is tetra-ethyl-ortho-silicate (TEQS) and oxyg;en as a precursor. In the preferred
embodiment, the dielectric liner is about 20 A to about 350 A in thickness, but more preferably

about 150 A in thickness.

[0032] The spacer 122, which forms a spacer for the second ion implant, preferably
comprises silicon nitride (SisNa), or a nitrogen containing layer other than SisNy, such as SiNy,
silicon oxynitride S10xNy, silicon oxime SiONy:H,, or a combination thereof. In a preferred
embodiment, the spacer 122 is formed from  layer comprising SisN, that has been formed using

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

[0033}  In the preferred embodiment, the rafio of the width of the spacer 122 to the thickness

of the dielectric lner 120 is less than 5, and more preferably, less than 3, Furthermore, it should
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11 noted that the width of the spacer may vary with the type of device. For
exanple, it has been found that 110 devices may benefit froma | arger
spacer due to the anmount of current the device is expected to handle. PMOS
devices may al so benefit fromlarger spacers. In particular, it has been
found that |arger spacers on PMOS devices help reduce tensile stress on the
p-channel. In this exanple, it is preferred that the | arger spacers are at
| east about .10% | a than the snal | spacers. To fabri cate spacers of
varyi ng 19§ ‘ii t{e thf{tﬁgéthgépqqgcrg@'svgwwglbtherq 88sce Fion grampkndthas heeaki ng,
deposi tion; and etching steps. [0034] The spacer 122 may be patterned by
per f or nifovgd &t VQ deviensineay benefin fromtarlapérspaecdue tothe amssat of berept thé deviced

i sotropic etch process uses a solution of phosphoric acid (H3PO4) wherein

the di eleghécad t hirdle. PRAOSEdvice@MaPhEd hehbRBro &e?sh%gﬁh&ﬁé}eﬁ a0f the
| ayer of SIBNA is greater in the regions adjacent to th gate e ectrode

oi cot r oRer T afh g SRt EBR KOS, R P o B R BB o o ° o

t he gate el ect%ode 116, |eaving the spacer 122 as |IIustrat ed in FIG
Pr ef er aBlisexapR Wsd%f?femiﬁlfth%tﬂ‘@lefﬁ%{ééﬁcefiz@ a bepst @bous 0% gy dhee theemgller of the

transistors 102 and-104 varies. In the preferred enbodinent, the ratio of

the wi dtspecert. Thdabsipaie epacdr? 3f varyind evidien gtoayde rebessagatosingnmedts @dﬁenohéﬁ i's
about 0.8 to about 1.5. [0035] The dielectric Iiner 120 may be patterned,

for exanpligns Qépoﬂﬁérf AdaEn ﬁas@ gsotropl c wet etch process using a solution
of hydrof| UOI’IC aci d. Anot Ifer “etchant that may be used is a

[0034]  The spacer 122 may be patterned by performing an isofropic or anisotropic etch
process. The preferred isotropic etch process .uscs a solution of phosphoric acid (HsPOy)
wherein the dielectric liner 120 acts an etch stop. Because the thickness of the layer of SisN, is
greater in the regions adjacent to the gate cle'ctrode 116, the isotropic etch removes the SizNy
material on top of the gate electrode 116 and the areas of substrate 110 not immédiately adjacent
to the gate electrode 116, leaving the spacer 122 as illustrated in FIG, '1b. Preferably, the width
of the spacer 122 varies as the gate length of the transistors 102 and 104 varies. In the preferred

embodiment, the ra‘_do of the width of the spacer 122 to the length of the gate electrode 116 is

about 0.8 to about 1.5.

[0035]  The dieleciric liner 120 may be patterned, for example, by performing an isotropic
wet efch process using a solution of hydrofiuoric acid. Another etchant that may be used is a
mixture of concentrated sulphuric acid and hydrogen peroxide, commonly referred to as pirantha

solution. A phosphoric acid solution of phosphoric acid (HsPOs) and water (H,O) may also be

used to pattern the dielectric liner 120.
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m xture of concentrated sul phuric acid and hydrogen peroxide, conmmonly
referred to as piranha solution. A phosphoric acid solution of phosphoric
acid (HBPO4) and water (H2O may al so be wused 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 enbodi nent, anount of recess is
about 1og”tf aﬁg t 7ggbof the wi dth of the spacer 122, but nore preferably
about 3G9H36F 1 Heshopld ge Roted thatikis desirelele to diadgapitionof $hdisledirialliser 136 fiont ed t hat
the etching process to create the recess nmay al so renove a portion of the

di el ect regeathitheespact? 022as dllustrate ARG €1te Th HRPefckt cabsiferd NEnduRPofPhcetshe
transistors 102 and 104. If desired, a mask nay be applied to the top of

E :fmtsir 2? %?b?ﬁt%ggu tg%ou?gg% s %ieogvgitpiﬂ{igr&?egrl 2r721r ﬁ‘%ﬁ%’e{”@%&?’ g’r%g'it?g% Qtth]tgﬁecond I on

I mpl ant erfornmed in the source/drain regions 118 as is known in
t he artyﬁ$ﬁgﬁﬁ%§?g%7drain regions 118 may be inplanted wth:an n-type
dopant, such as phosphorous, nitrogen, arsenic, antinony, or the like, to

f abri catrgy37NMOS dgyil I L4l & with a p-type dopant, such as
bor on, i@u m]\lnum gll%\rql i umbggpﬂgﬁyﬁgﬁ? %tgﬁg%]" ]{)}éc%?sdfgpfe(gtg?lg rﬁ@%@eﬁ&’é&@b‘m
Optional |y, . N vices and P devices may be fabricated on the sane
chip. 14 P%/"F‘i‘i"% "\’%ﬁ? &g]ﬁ%ﬁic @%6%1 %ggh%,gaﬁetd%@ﬂeﬁég Hlargtie topf the transistary B2nul ti pl e
maski ng and ion inplant steps such that only specific areas are inplanted
wi t h n- tapp 4aAiidesiredpa 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.

10638]  After forﬁﬁng 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 tmplanted
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, aluminvm, indium, or
the like, to fabricate PMOS devices. Optionally, NMOS devices and PMOS devices may be
fabricated-on the same chip. In this optional embodiment, it may be necessary to utilize multiple
masking and ion implant steps such that only 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. Ic, a silicidation process has been performed to create silicide
areas 130. Generally, a silicidation process involves depositing a metal layer, suc‘h as, for
example, nickel, cobalt, palladium, platinum, copper, molybdenum, titanium, tantajum, 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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type ions. Furthernore, additional ion inplants may be perforned to create
differing graded junction configurations. [0039] Referring nowto FIG 1c,
a silicidation process has been perforned to create silicide areas 130.
Generally, a silicidation process involves depositing a netal |ayer, such
as, for exanple, nickel, cobalt, palladium platinum copper, nolybdenum
titanium tantalum tungsten, erbium zirconium a conbination thereof, or
the like,. and caysi ng .the met al | ayer to react with the silicon, thereby
creati nglmalzeé i8] Wﬁﬂcf@mpmn& ‘H%keb rcabadty platinumtiablidiumt s canibinagipd thefedftor die pr ocess
13 utilizes a nmetal conprising nickel, cobalt, platinum palladium a

conbi natiikenThewseteldiyer may bérirmdd, ke exahe, r@tcaﬂvehmerdeﬁ@smomech%ﬁ@ql,ucnf or
exanpl e, by conventi onal dep03|t|on t echni ques such exanpl e,

eYapOr aly Gih B LOioBRO B oo ISRk AR LSRR év@g?gﬁvﬁ&ed‘” o

like. [0040] Prior to déposrti to clean
t he mafer to renpove native oxide. Ceaning solutlons t hat may be used

i ncl udeg0049Hr offriootal d_Epc&iﬂnE the Stekdd Miyed, & ibered ¥ dIeROBH waReloQha\R nafiidd
solution, a conbination thereof, or the like. [0041] The silici gatl on

process I n t.al. r

sel ect i \?g}la § (Elgagcg s\é\??ﬂﬁg’f E%%%%H]&%{l |n§gque ﬁ@é&gn(gﬂc ag% g{ﬁ h&lﬂgﬁ%}%ﬁy@rgg% ai n
regions 118 em conductor regi ons (e g , the gate el ectrodes
116) toPP@Fﬁ?’MQH}P]é‘B%.XCQ “ﬁtﬂénglﬂ@f’%m@%l i¥anbodi ment. in which the netal

| ayer conprises nickel, platinum palladium or cobalt, the silicidation

Pepars > AT | e iioRidn' iR md)) ' R sy g, Akl g e ayer 1o S "
selectively react with exposed silicon regions (e.g., the source/drain regions 118) and the poly-
semiconductor regions (e.g., the gate electrodes 116) o form a ‘silicide. In the preferred
embodiment. in which the metal layer comprises nickel, platinum, palladium, or cobalt, the
silicidation process forms nickel silicide, platinum silicide, palladium silicide, or cobalt silicide,
respectively. The excess material of the metal layer may be removed, for example, by
performing a wet dip in a solution of sulfuric acid, HCI, Hs0,, hydrogen peroxide, NH,OH,
Ej"POqf or the like. |
[00&] It should be notedlthat the silicided portion of the silicon extends beneath the spacer
-i22:"ﬂue to silicide cap layer thickness or the recess efched into the dielectric Tiner 120, It has
be’en'fdund 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 fensile stress can enhance the flow of current

1n the channel area of the transistors, particularly with NMOS transistors.

[0043]  Tn an aliemative 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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respectively. The excess material of the nmetal |ayer may be renoved, for
exanple, by performng a wet dip in a solution of sulfuric acid, HCl,

H202, hydrogen peroxi de, NHAOH, 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 PMEXE dexices g dpseplippmative anebodianesis| i mey berssessam tefoiranarsk ber fHeow of
current in the channel area of the transistors, particularly with NMOS
transi sPMQS defvidesr@lilelparformigl dne bttt ofehesdrprocis®eps, one or nore of the steps
of etching the recess in the dielectric liner 120 and perform ng the
silicidation process are only performed on NMOS devices, thereby enhancing
the el eddMdh ndtsfarmingnaghiol BGnbt adgnsibesticsryfith0tip Heposieiobertihe wdnsitlos 14 pMOS
devices. In these alternative enbodi nents, it nmay be necessary to forma

mask ovao? hrel04 tPdENe o exbibegesbilsRntRel Ah %1 0Medi Rk RO tThe Bhsid\gsg Process
steps. [0044] Referring nowto FIG 1d, atensile-stress film140 is

deposi t I o 2 1 104 reate a tensil tress
subst anmﬁﬁg Hzliélyg% ggﬂ'gaﬁg%@gegérs%qyr %%efrﬁgr%ﬂ&%}ﬁeég %‘é‘%g% aé'-gs‘?aryel%ﬁs%nf*%r 1140 may
be silicon I’lli tbrid ot any other tensile-stress material and nay be formned,
for. oA, bV, chemiol Hahor fenpiifio (CNIDOBPteEHr THEUBD PORsEes. beThdowevD
process can be a | ow pressure CVD (LPCVD) process, a Rapid Thermal CVD

( RTCVD) pressuesfi D IREYD)pvdessALRAD) Thermal CVD (RTCVD), atomic layer CVD (ALCVD)

or a plasma-enhanced CVD (PECVD) process, as commonly known and nsed in the art.
Preferably, tensile-stress film exerts a tensile stress in the range of about 50 MPa to about 2.0
GPa substantially along the source-to-drain direction. It is also preferred that the thickness of the
tensile-stress film is snch that the ratio of the thickness of the tensile-stress film to the width of
the gpacer is about 0.5 to about 1.6. In one embodiment, however, the t‘ensile-stress film
comprises silicon nitride deposited by LPCVD having a magnitude of about 1.2 GPE.l, and in
a;_xother 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 film, while NMOS. devices have a tensile-stress film. The comprcssive—strgss film results
in a compressive strain in the channel region of the p-channel devices in the source-to-drain
direction to enhance hole mobility. The process of forming a compressive—sfress film on PMOS
devices and tensile-stress film on NMOS devices 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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or a plasma-enhanced CVD (PECVD) process, as commonly known and used in
the- art. Preferably, tensile-stress filmexerts a tensile stress in the
range of about 50 MPa to about 2.0 GPa substantially along the
source-to-drain direction. It is also preferred that the thickness of the
tensile-stress filmis such that the ratio of the thickness of the
tensile-stress filmto the width of the spacer is about 0.5 to about 1.6.
I n one enbodi nent, however, the tensile-stress filmconprises silicon

ni t ri deClpape st erariemeptanpEial-Féfeat (Myansistossy pid dMbehods ofDdamfatu,"GRaich dnd i n
anot her enbodi nent, the tensile-stress filmconprises silicon nitride
deposi t peorpyratBHh bperédge.a magni t ude of about 0.7 GPa. [0045] In anot her
enbodi ment, PMOS devi ces nay have a conpressive-stress film or no stress
film while NMOS. devices have a tensile-stress film .The

conpr esB0§E- st Relsyinginom tp &G tesan inter-dayendigleass{LB) $30r midopdsiedtdver bannel
regi on of the p-channel devices in the source-to-drain direction to

enhancewhfet 00M0Thd ILLY laydMESORYNEAT hah fiREMed Quact QAP B He BB filmon
PMOS devi ces and tenS|yI e- st ?}gsjfi I mﬂ(l)n NI%/DSudEgvi ces ?s e:‘{ﬁrrn? gg?-%:l?lescri bed

fi1ed Atbon 45 C95EsY defiioP BaiAg: Fh eIl IR bl ety
Fi el d- Eféﬁ% Tran_sép%b s and Methods of Manufacture ' whichis
i ncor pof tohous $ inethickessy but morasaferly abeut 30t Avie taboue HE0 Adp an

inter-layer dielectric (ILD) 150 is deposited over the wafer 100. The ILD
| ayer 1Girkesgpi daitheymbas iraom preferied embsdiméacthe dhD Mlyedas OBl €6k Of

substantially along the <100> direction with & 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’ 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
agcordange with one embodiment of the present invention. As discussed above, it is preferred
that the current flow in the source/drain regions of the transistors 102 and 104 is substantially
alo‘né the <100> direction of the siliéon crystal structure. Accordingly, it is desirable to notch or
otherwise mark the wafer such that the <100> direction is known. In the preferred embodiment,
a 5 mm, triangular-shaped notch is placed along the edge of the wafer 200 such that the notch is
located substantially along-the <100> direc_t'ion +/- about 7°, In alternative embodiments, other
shapes, such as rectangular shapes, scratches, a flat edge, or the like, other orientations, such as

perpendicular to the <1005 direction or the like, and other sizes may be used.

[0049] FIGS. 3a 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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silicon oxide fornmed by deposition techniques such as CVD. The ILD 150 is
preferably about 1500 A to about 8000 A in thickness, but nore preferably
about 3000 A to about 4000 Ain thickness. Furthernore, in one preferred
enbodi nent, the ILD 150 exerts a tensile stress substantially along the
<100> direction with a magnitude of about 0.1 GPa to about 2 GPa. [00471
Thereafter, standard processing techniques may be used to conplete
fabrication of '\tl,\he sem conduct or devi ce, including process steps such as

f or m ngaGRELHICE ! e%nb&ﬁ@lcpféfgrtgﬁ pregest mvenion:i dshaarbgerpfongd thapactedgi2dg, and 't he
like. [00481 FIG 2 illustrates a wafer 200 that may be used to fabricate
sem conhavingarsilitew tryssl rioh odentatiod afi  EO0WIi¢ fore heittie widile berinining fthe Wgerr €S et

i nvention. As discussed above, it is preferred that the current flowin

t he soufgsl@®iaind freg! ; | r LS taptially
along t lggi<100>[[g i?%E%?%ﬁﬁgfﬂl?ﬁlgﬁés?@Ehgtg%cs'rﬁyé?éﬁ’ a’?‘??ﬁ%ﬁ?‘%’."%ﬁ@%"ﬁgi ngly, it
i s desirahl.e { or Fherwi se mark the er. such that the <100>
directi gﬁsq?lsnﬂtcﬁloév.\fn%,n% P Pf‘lé? :d; efwgiciela CORBEEY ﬁ%%lﬁ,%’r fabrigating se{GiGORMEA ar - shaped
notch is placed along the edge of the wafer 200 such that the notch is

| ocat eddeyifest alt additiop, ¥Ihep deethiourd 0ot thi preseadecot low-k dibloattic Toayl greatlyt er nat i ve
enbodi nents, other shapes, such as rectangul ar shapes, scratches, a flat

edge, odetériventd fhse, intet-hefal dicle@nEsadOMB/0r SMGIHEABI0 dhgwb&?f‘(&i &hﬂkﬁ{gzg&e& he <100>
direction or the like, and other sizes may be used. [0049] FI'GS. 3a and 3b

i1 avaul ' . di.e 310 that has b
R S L L R A it

used in

carbon-containing dielectric layers, are being commonly used for inter-metal dielectrics 332,
characterized substantially with both lower dielectric constant and Jower mechanical strength
than conventional silicon oxide dielectric layer. Another f_inding of this invention is that,
regardless the wafer notch orientation is <100> or <110>, the most vulnerable chipping defecti;re
locations are the neighboring strip of areas, ranning substantially in paralle] to the die-saw edge
328 longitudinal directions, within about 300 pm to about 500 urﬁ distance from the four die

corners 334:of top view of the die 310.

[0050]  As a result, it is desirable to fabricate the die 310 such that the clearance areas,A
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 sebarate the area of top
view of the die 31Q into two neighboring regions by a border line 322 shown in Figs. 3a, 3b, 3¢
anif"B'd; in order to realize embodiments of the present invention. The first region 312 comprises
.mii'jority of microelectronics devices fabricated within die 310, such as transistors, resistors
capacitors, and the like, bond pads 316 of any shapes and a plurality of metat Iayers (not

tncluding the redistribution metal layers of die 310 assembly or bonding process) being used as
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16 accordance with enbodi nents of the present invention. It has been found
that a wafer 200 having a silicon crystal notch orientation of <100> is
nore brittle while performng the wafer or die 310 sawi ng 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
sem conductor devices. In addition, it has been found that the presence of

| ow k dlelectr ﬁé_g v}/ deterloratethose inter-netal dielectrics 332
and/ or H¥BORRSE 5631 ﬁ&ﬂ 155 lipesrin dheadavica gy befararcthe devicmend teonisige t he di e

310 sawi ng process. The lowk nmaterials, such as fluorine-containing or

car bon- gorid.aiAndingle metel layet B 18amayefpehes coxapr&ela@lﬂ@tgcﬁﬂmkddwomdvé Bvers,
inter-metal dielectrics 332, characteri zed substantially with oth | ower

di el ect gich amnm@maa@ﬂwanme@&%ﬂ@f&bfaﬁh é@ﬁ fpl&ﬂﬁgoﬁﬁ&m fsqpal

silicon oxide dielectric | ayer Anot ﬁer Imvention is that,
regardl e en s <1 0> or <110>, the S
vul ner aBﬁ%%r IB'EI BT ng{célg %@ |3 Coql‘i)ﬁ%f‘? gr P atCWée WERIEONBS PIREses ¥ 1‘% of

areas, running substantially in parallel to the die-saw edge 328
| ongi t udiehal mg{ 1ok dtgng A be conpgsted toliswutsglo ot dVesbwhile, 5QOrtion dies bhthee fr om
the four die corners: 334 of top view of the die 310. [00501 As a result,

it is desgbrdabgien 826 habshamahesadaubitate 3psde Wiiihd Makav c&fc@%ﬁeafﬁ@gl@r eas,
preferably i ncluding 314-a,.-b shown in Fig. 3a and -d shown in Fig.

ar e TROSkdnl 9 32@9%1% 388 %ﬂé ﬁ@ﬁ@e‘%‘%@&tsﬁw(ﬁ&e ﬁ?%nqbé’élgag&g@? gtfe%? h die

310 Oné may easily separate t ea o op  Viéw 0O Into two

nei ghbo E{,I -Q,Qhe c?«%':a%@esarg%e%g %%{n%eotf arle!d &ethg) szegon?iqggv\gx 3!?2 and be?ﬁg %?mc,»x?e% alo:?x?y

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 devices fabricated in the first
region 312 during the dic 310 assembly or future operating environment conditions. A similar
embodiment could be used to forming a clearance area 314-c, -d of Fig, 3b which being a strip of
areainthe second region 326 and being positioned substantially along the space in b.etween the
seal ring 320 and kine of border 322 enclosed tt_xe 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 tegion 312. Without the
continuous active device area or continuous ‘metal layers 336/338, the clearance areas 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/or assembly process.

10051]  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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acid 3d, '"in order to realize enbodi nents of the present invention. The
first region 312 conprises majority of mcroel ectronics devices fabricated
wi thin die 310, such as transistors, resistors capacitors, and the |ike,
bond pads 316 of any shapes and a plurality of netal layers (not including
the redistribution netal layers of die 310 assenbly or bondi ng process)
being used as 17 interconnects 318 for signal/power lines in the device or
between the device and the outside world. A single netal |ayer 318 may
furt her resiRdr T the Breupalmeehmniesl combiriaanakeffrstiof thoee matpanls incladimhtias Ti |

Ti N, Ta and/or TaN. The second region 326 conprises a plurality of netal

layers qubstrait ha), theitar wetta@ing/pasivaion delbceie $3@ 2dteranstd] didkerids 830, tprmdmmnuf act ure
nonitoring purpose, which my or may not intend to be connected to the

out si de ypr bek, iMeARNI Sers 3RO - d. S £4.00. 376 MRy
share trll samne 1subst rat%ergpac’e m@ﬁ“ﬁ@%%ﬁ éﬁalg\?gl :@%&f %[Ecpg{ﬁ’egaﬁg@mo. The
second region,326 .. n Fi 3a further, copgprises a, di e-saw edge 328 and a
cl ear an@@ﬁﬁquggoﬁﬁhqul? PI%EFt“{gffﬁéf?f’ﬁrépaégnc 4 SERICRuRigr E‘a@-’c\g’r‘q“ﬁmé@f‘&ﬁ%a in the
second region 326 and bei ng positioned along the line of border 322 and

about t Watheifpvwa rpmbes Abmetaflayersesueh asdess thag B tnd Bat2l lagehethe pretamd clegrams 326 i n
Fig. 3b may further conprise a netal containing seal ring 320 which may -

avoi d maka 364 mapiesa Ofip ODired wikleabe@ 0. RS0 RVBELO @th i gickih Rl bovedidpt & _
m croel ectroni cs devices fabricated in the first region 312 during the die

m o fabricated | st region 312 dl
amboar mon Lt e R B L A R TR e GBS B b elor o a1

which being a.strip of area jn the secqgnd region 326 and bei ng positi-.oned
subst ant“P&IgY%/ the | BRI sEess dutuped ?‘Wéf‘é‘i?\d%% chipping (or cracking) problems

during the die-saw proces's, but it may also help to act as a thermal/mechanical stress buffer area
to improve the potential dielectrics cracking (or delaminating) reliability problems duiing the die
310 assembly or packaging process. For semiconductor manufacturing process with more metal
layers, such as more than 6 to 9 metal layers, then the preferable clearance area 314 may be a
strip of area about 1 pm to about 20 um in width, wifhout saériﬁcing a plenty of die area, in
order:to:cope with the getting larger thermal/mechanical stress induced by the ever thicker metal

and dielectric stacked layers.

[00521  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 diclectrics, is void of any metal layers and active areas. FIG. 3d
Hlustrates another embodiment in which the clearance area 314 does not contain an active area
and each meta] layer contains a break in the clearance area. In order fo get 2 less die

assembly/package defect counts with the optimal reliability, the clearance area 314 is about 0.5
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seal ring 320 and |ine of border 322 enclosed the first region 312. On

anot her enbodi nent, the clearance area nay be a strip of area in the first
region 312 and coul d be positioned- substantially along the border |ine
322 and about the circunference of the first region 312. Wthout the
continuous active device area or continuous -netal |ayers 3361338, the

cl earance areas 314-a, -b, - ¢ and -d may greatly reduce those inter-netal
di el ectrics 33% and/ or substrate 110 chi pping (or cracking) defect counts
duri ng HonE 2P 28 101 18 dth gndemayy bsrpreferselriilisd with e estrials0ab] fof atanpleglgvi ce
having 3 to 9 or nore layers of nmulti-layer netal process technol ogy, it

has bedbpwkaliefedtrichalticohexidenp cardnadon@éhgl RIS X BRI EGNGRS il est portion
of stress anopunt 18 resulted fromthe gt her rrrwlal / negﬁani cgin r@‘?l lel’%r%gf?onal

ef f ect ffbfum}éj&ﬁ i t(_ﬁfﬁécﬁg,sorjtﬁkcﬁl&qi ng the substrate 110, the top

prot ecting/ passivation dielectric 330, inter-nmetal dielectrics 332, top
nmetal |ayer 336, inter netal |ayers 338, the organic/inorganic assenbly

fi11er soessyl ¢ MWLADILG inGniGORDOUACBE] LR e RO IREH: AT el
wth a

e cﬁllhﬁéh%sric 330.
For a sem conductor nmanufacturing process ewer nunber of netal

| ayers, - . l; : (o) al l.ayers, th referyed. cl earance

ar ea 31%l§ ﬁ%sg“@@ “ééai‘%? ru?t%ﬁg? ?batﬁeecﬁﬁﬁl u%hﬁgu%'sgn% S@B%dﬁ?g‘ﬁ"@u‘?ﬂsiaﬂdw dt h

wi t hout coveri ng f .the top metal |ayer or any of the inter-netal |ayers.

I n thi SORBIMORS f&eﬁ%‘iﬁ“ﬁm@ egppdimerif.pestveell aspgthes eabodimente ohtaiinahtiont r ess

i nduced substrate/dielectric chipping (or cracking) problens during the

di e- sawirboeppesnt taugersons skilledah she drehpontreferade 83haddsbigior! fimeahanisal stress
buffer area to inprove the potential dielectrics cracking (or _

del ami nakAde@ihat Bd dpphiided EMirREADIBIR 2B Sdch holithRaih€or embodiments.
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310 assenbly or packagi ng process, For sem conductor manufacturing process
with nore netal |ayers, such as nore than 6 to 9 netal |ayers, then the
preferable -clearance area 314 nay be a strip of area about 1 mto about
20 min width, without sacrificing a plenty of die area, in order to cope
with the getting |arger thermalinmechanical stress induced by the. ever
thicker netal and dielectric stacked |ayers. 190521 FIGS. 3c and 3d are
cross-section views of the clearance area 314 illustrating exanples of
Configurations_that nmay be used in accordance with an enbodi nent of the.
present i &@rﬁﬂ@éé@f-fi cally, FIG 3c illustrates the situation in

whi ch the clearance area, being covered and filled with dielectrics, is
void of any netal l|ayers and active areas. FIG 3d illustrates another
enbodi nent in which the clearance area 314 does not contain an active area
and each net alA bemjiemdwtordevicescomphiéigak in the clearance area. In order to
get a less die assenbly/package defect counts with the optinal
reliability, tisgbstﬁla@arance area 314 is about 0.5 19 gmto about 20 gmin
wi dth and may be preferably filled with a material such as, for exanple, a
| ow-k dielectrics, silicon oxide, .a carbon-containing dielectric, a

ni t rogen- cont & TAAHYOIdRERGR 83 glectipde ?rld&fP?fﬁ@gfé‘Bﬁ?%nrfPW&d@ﬂgleectri c, or the
i ke. j00531 While this invention has been described with reference to

i |1 ust r at substrasiveleibatenment flow iirsughdlcsoinpe/inin regomiosubsmttiligalong ® be const rued
inalimting sense. Various nodifications and conbinations of the
illustrat i<1/@{)>@[’§i§gmr[§ﬁﬁa{i@}of@g3\j@§nlate,as ot her enbodi ments of the invention,

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

tﬁickness 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

‘lér_l,gﬂ} of the gate electrode is about 0.8 to about 1.5.

5. The semiconductor device of claim 2, wherein the dielectric liner cOmprises a

'ﬁlur.aljty of dielectric Jiners.
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wi || be apparent to persons skilled in the art upon reference to the
description. It is therefore intended that the appended cl ai ns enconpass
any such nodifications or enbodi nents. 20 WHAT IS CLCAAMED IS: 1. A

sem conductor device conprising: a substrate; a transistor having a gate
el ectrode 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 forned on the
sides of the gate el ectrode and on top of the substrate adjacent to the

gat e el ectsr odeTheangicanduittod deivide oMk 20Whdraln PR iRk MRer3iisand of the
substrate below the dielectric. 2. The sem conductor device of claim1,

wherein t , t.rd nprises a dielectric liner and a spacer formed on
t he di el eg??u??:ﬂ?%e@c%g&ﬁe sem conductor device of claim?2, wherein a

ratio of a wdth of the spacer to a thickness of the dielectric liner is
| ess than about 5. 4. The sem conductor device of claim2, wherein a ratio

of a wi dify, of TitSemiaREif @vie bENah, Ghetifthedpls: iEfoRfild #5ubdiapOOUt 0-8 to
ut 1.5. :
selected from the group consisting essentially of silicon nitride (SisNy), a nitrogen

containing layer other than SisN4, Si,N,, silicon oxynitride SiO,Ny, silicon oxime

8iO«Ny:H,, 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:dbout 1:6.

10.  The semiconductor device of claim 8, wherein the tensile-stress film exerts a

tensile siress of a magnitude of about 50.MPa to about 2 GPa.

1. The semiconductor device of claim 1, wherein the substrate comprises a wafer
-h’aving aotch 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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5. The sem conductor device of claim?2, wherein the dielectric |liner
conprises a plurality of dielectric liners. 21 6. The sem conduct or device
of claim2, wherein the dielectric liner is less than about 350 Ain

t hi ckness. 7. The seni conductor device of claim2, wherein the spacer is
formed of a material selected fromthe group consisting essentially of
silicon nitride (Si3N4), a nitrogen containing |layer other than Si 3N4,

Si XNy, silicon oxynitride Si OxNy, silicon oxinme SiOxNy:H2, or a

conbi nati on thereof, 8. The sem conductor device of claiml, wherein the

seni condugl.or TherieoridsctaveraRst cirh I, heteRl biBsiihd A b biMod: The
sem conductor device of claim8, wherein the dielectric conpri ses a spacer

and a ratlu BESOEB&&%%ﬁhgﬁéSO%%tEQS%Ete Sile-stress filmto the width of the

spacer is a out Y% The seni conductor device of claim 8,
wherein the tensile-stress filmexerts a tensile stress of a magnltude of
about 50 MPa to about 2 GPa. 11. The sem conductor device of claiml.

wherei n the sURREERtEGANTELISES cRItdR Wierein MEWH t&sﬂﬂk&@ cguch that an angle
formed between the <100> crystal orientation o strate-and a line

formed by the notch and the center of the wafer is |ess than about 7

14, The semiconductor device of claim 1, wherein the substrate is a semiconductor-
on-insulator substrate having 2 an insulator layer formed on a first silicon layer, and a
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 siticon 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 material

comprises silicon-germanium.

17." The semiconductor device of claim 1, wherein the substrate comprises a first
.Sﬂicog layer, a relaxed Si;Ge, layer on the first silicon layer, and a strained silicon layer
-qqthexrelaxcd Si1.,Ge, layer.

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

sgr’face roughness of less than about 1 nm.
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degrees. 22 12. The sem conductor device of claim1, wherein the substrate
i ncludes a shallow trench isolation inparting stress onto the substrate.
13. The sem conductor device of claim1l, wherein the substrate is bulk
silicon. 14. The sem conductor device of claim1, wherein the substrate is
a sem conductor- on-insulator substrate having a an insulator |ayer fornmed
on a first silicon layer, and a 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 sesondnistrissiubiena@lioadidlthes shideliife Safndlfrlgpde 15 formed on

the second silicon | ayer he sem conductor device of claiml, wherein

5
at 11 oo conupa e oS BRRRe ar e FEid Wi phbe Cocond 1atti ce

constant. 16. The sem conduct or device of cl ai m15, wherein the first

semi condu@MSIS trrasiEey tap gatwrﬂﬁr@féhﬁsNMD&tr@mtcgmmmqw taltfie Mheok eni conduct or
device of claim1l, wherein the substrate conprises a first .silicon |ayer,
a rel axed elEttionn@bility @ybek nwbiliyia te frskilisod lagen | ayer, and a strained silicon
| ayer on the relaxed Si 1l-xGex |ayer. 18. The sem conductor device of claim
17, wherein the strained silicon |ayer has a

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

;;gpt-roff.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 fransistor to the gate width of the NMOS transistor is about equal to the square

IOOtOf the ratio of electron mobility to hole mobility in the strained silicon layér.,

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

“less than-about 0.5.
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:surface roughness of less than about 1 nm 23 19, The sem conductor device
of claim 17, wherein the sem conductor device includes a PMOS transi stor
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

el ectron nmobility to hole nmobility in the first silicon |ayer. 20. The

sem conductor device of claim17, wherein the sem conductor device

i ncludes 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 equeq, tdhe E@Iﬁécﬁlﬁﬁc@br‘aévigrc%f lafnk P,%Hg%ﬂj the Bib'lgétﬁc ol & fgigxféig:o-f fy_in the

strained silicon layer. 21. The sem conductor device of m 17, wherein

t he sem condd i includes a P transj stor. and an NMOS

transi st oplfa]terizﬁg%{c}eg%%fnctﬁ%%m‘&a@@m%naFﬁelawgﬁi’ Pﬂ{e‘m OBIJPxs RYQEREFRYRNE o t he gat e
wi dth of the NMOS transistor is about equal to the square root of the
ratio of eldeeraremiBBatontheeofo hol e nobility in the first silicon |ayer. 22.
The sem conduct or device of claim 17, wherein the sem conductor device
.includes a PMOS transistor and an NMOS transistor, a ratio of the gate

wi dt h of e MOS.transi stor to, th ate width. of the NMOS transistor is
about equ%‘] tﬁFﬁeémé"&ﬁ%?"éﬁe‘P‘&?&fdaFﬂﬁ efelf e, SIiHde RN COMPRSBI 1 ity to hol e
mobility in the strained silicon |ayer. 23. The sem conductor device of
cl ai m 17, niglsbsikigige, qobpls silieide platinumhsilicidep ot palig@livm sificide.

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

‘dielectrichaving a dielectric constant greater than about 4,

28.  The semiconductor device of claim I, 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.

295 The semiconductor device of claim 1, wherein the-semiconductor device
comprises at least one of a NOR gate, a logic gate, an inverter, an XOR gate, a NAND

‘8ate, a pull-up transistor, and a pull-down transistor.
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| ess .than-.about 0.5. 24 24. The sem conductor device of claim1l1, wherein
the dielectric liner is formed of a material selected fromthe group
consisting essentially of an oxide, a nitrogen-containing oxide, or a
conbi nati on thereof, 25. The sem conductor device of claim1, wherein the
silicide portion conprises nickel silicide, cobalt silicide, platinum
silicide, or palladiumsilicide. 26. The. sem conductor device of claim1,
wherein the gate el ectrode conprises a gate dielectric forned of a
material selected fromthe group consisting essentially of an oxide, a

ni trogen- gont aidkdddcIbAS defite B cRATD] fileh Qi i@i%é@ﬁf‘s_treé%naﬂ-cf‘ﬁ sem conduct or
device of claiml1l, wherein the gate electrode conprisés a gate dielectric

having a dielectri stant _greater. t han about.4. 28.. The sem conduct or
dovi co or Seepgirae. b R0 BeRR P Elieihtamoar it al R ot &r e by an
inter-layer dielectric exerting a tensile stress substantially along the
sour ce- t medhlayess, B seserd BEioneomnsising 2 plutalioref megl lsnendthepegond®9. The

sem conductor device of claiml1l, wherein the-sem conductor device

conpr i ses repton lfigthst comprsing a dis-NERqgatr] a deddgd etk elearameiarty Beibgr ; an XOR
gate, a NAND gate, a pull-up transistor, and a pull-down transistor. 25

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 wm to about 10 wm 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

Iegion 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

fegion comprises a fluorine-containing low-k dielectric layer.
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30, The sem conductor device of claim1, further conprising a first region
and a second region, the first region conprising mcroel ectronics devices -
and a plurality of nmetal layers, the second region conprising a plurality
of netal layers, and the second region further conprising a die-saw edge
and a clearance area, the clearance area being an area of without a top
netal |ayer over the substrate. 31. The sem conductor device of claim 30,
wherein the clearance area in the second region conprises a strip about 0.5
mto about 10 min w dth. 32. The seniconductor device of claim30,"
wherein tie cThasaioadiriedevid o?ﬂ@xrrﬁﬁﬁ?«ﬁ&elh%' I}éﬁraﬁ&'ﬁpé'a u?ﬁg {)xgcf rip wthout

an inter-netal |ayer over the substrate. sem con r device of

cl ai m 30, ‘Rﬁﬁ sevien netal | ayers formed over the
substrate mb ﬁ%gg%?@ghﬁﬁ%w%ﬁm éVﬁ%g:Hﬁm@Falﬂ130 wherein the cl earance
area in the second region conprises a strip about 0.5 p.mto about 10 umin
wi dth without active area. 35. The sem conductor device of claim 30,
wherein the clearance area in the second region conprises |lowk dielectric
|l ayer with a dielectric constant |ess than silicon oxide. 36. The

sem conduct or device of claim 30, wherein the clearance area in the second
region conprises a fluorine-containing lowk dielectric |ayer. 26
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37, The sem conductor device of claim 30, wherein the clearance area in the
second region conprises a carbon-containing lowk dielectric |ayer. 27 38.
A sem conduct or device conprising: a substrate having a first sem conductor
material with a first lattice constant and a second sem conductor nateri al
with a second |attice constant, and one or nore field-effect transistors.
formed on the second sem conductor material, wherein the current flowis
substantially along the <100> crystal orientation. 39. The sem conduct or
device of claim38, wherein the second sem conductor material is silicon,

and the sgggstrpagegﬁdogd@@@é@ecbﬁyﬁ%:a notch such that an angle forned
bet ween the <100> crystal orientation of the substrate and a |line formed by

the notch and : the vafer is. han about 7 d . 40.
The. " ser conadatoreage e i stEphRcSemdial Flf a BEFRE? Fbvad b €oncuct or

material conprises silicon-germanium_ 41. The sem conductor device of claim
38, wher efeRordemisaifueiarErieiabvithasacen lattipropsiens, aad PMOS transi stor and an
NMOS transistor, a ratio of a gate width of the PMOS transistor to a gate

wi dth of the MMO® rorafislisffent trisisabofotmed @y e st@nsonddonuc®ir nltegal r on
nmobility to hole nmobility in the first sem conductor material. '42. The

sem condughgsin 8 Kt Rbw &sBnify MEHR AobNE S TGRRGNCt or devi ce

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 - Thesemiconductor device of claim 38, wherein the semiconductor device
inchndes-a PMOS transistor and an NMOS transistor, 2 ratio of a gate width of the PMOS
transigtor to a gate width of the NMOS transistor is about equal to a ratio of electron

‘mobility to hole mobility in the first semiconductor material.

42. - The semiconductor device of claim 38, wherein the semiconductor device
ncludes a PMOS transistor and an NMOS transistor, a ratio of a gate width of the PMOS

transistorito-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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i ncludes a PMOS transistor and an NMOS transistor, a ratio of a gate width
of the PMOS transistor to a gate wwdth of the NMOS transistor is about
equal to a ratio of electron nobility to hole nobility in the second

sem conductor material. 28 43. The sem conductor device of claim 38,
wherein the sem conductor 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
el ectron mobility to hole nobility in first sem conductor material. 44. The

serm condugy or e Viralt6 e ISt OeL LR hA RS ARRANGEQT devi ce

i ncludes a PMOS transistor and transistor, a ratio of a gate width

L P I R AT i bR oo

mobi lity in the second sem conductor material. 45. The sem conductor device
of clai m B3sistontsraciate witih ofthe BIVEDSleansistoris alibequakdo theisqulardmast aitheur f ace
roughness of |ess than about 1 nm 46. The sem conductor device of claim

38, wher eidfio bhdecaeiinobitiiues hele mdBiMiiyGefirscRioh@Rer Ahtetigast one of a NOR gate,
a logic gate, an inverter, and XOR gate, a NAND gate, a pull-up
transistor, and a pull -down transistor. .47. The sem conductor device of
cl ai m 38, furt her conprising a first region and a second region, the first
regi on co%rl siiba gemicanducioraicviewefictém 38 wibersin thewgmicopdustoadésige of

includes a PMOS transistor and an NMOS transistor, a ratio of a gate width of the PMOS
tramsistor 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 ronghness of less than about 1 nm.

46.  The semiconductor device of claim 38, wherein the semiconductor device
comprises at least one of aNOR gate, a logic gate, an inverter, and XOR gate, a NAND

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

41 The semiconductor device of claim 38, further comprising a first fegion and a
Second region, the first region comprising microelectronics devices aﬁd 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 over the substrate.
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nmetal |ayers, the second region conprising a plurality of netal |ayers, and
the second region further conprising a die-saw edge and a cl earance area,
the cl earance area being an; area of without a top netal |ayer over the
substrate. 29 48, The sem conductor device of claim47, wherein the

cl earance area in the second region conprises a strip about 0.5 nn to
about 10 }gymin width. 49. The sem conductor device of claim47, wherein
the clearance area in the second region conprises a strip without an
inter-nmetal |ayer over the substrate. 50. The sem conductor device of claim

47, furthds. cdpsinscaducierdevicenst cIibE &7, Rkl thd &%ﬁﬁ;@%ﬁgﬁ SPORES the

substrate 51. The sem conductor devi'’ce of claim P ilhe cl ear ance

area int oﬁ@@,ﬂ;}gesar gu@grm{i_t] ﬁi@%@%ﬁh?}i@gom 0.5 mto about 10 .min

wi dt h wi t hout actlvea r device of claim47,
wherein the cl earance ar ea in the second region conprises lowk dielectric
layer with dielectric constant |ess than silicon oxi de - 53. The

sem condudg.or Thessdndeondictos kevith of GlainydE kyhkd area in the second
region conprises a fluorine-containi ng mtﬂ%ecd&aﬁ tqee??/’é’flé 54. The

sem condu;e?r{gﬁ c&ﬁ}ﬂs&% Sglpbﬁhl%t%ﬂerdpv\%ag laSIIS{;WRrhtE? &%gﬁe?ingel Z;g?' in the second

regi on: ri ses on-contai 30

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 pm to about 10 pm in width without active area.

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

Iegion comprises a fluorine-containing low-k dielectric layer,

54.  The sem; ; ; ;
The semiconductor device of claim 47, wherein the clearance area in the second

ICgIon comprises a carbon-containing low-k dielectric layer,
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55, A sem conductor device conprising: a substrate having a first silicon

| ayer, a relaxed Si1-xGex layer on the first silicon |ayer, and a strained
silicon layer on the relaxed Si 1-xGex | ayer; and one or nore field-effect
transistors forned on the strained silicon |ayer, wherein the current flow
is along substantially the <100> crystal orientation. 56. The sem conduct or
devi ce of claim55, wherein the substrate is a wafer having a notch such
that an angle forned between the <100> crystal orientation of the substrate
and a line forned by the notch and the center of the wafer is |ess than
about 7 dgfigr edssemBpndurtyedesispP@migingt or devi ce of clai m 55, wherein the

sem conductor device includes a PMOS transistor and an NMOS transistor, a
ratio of a gatgubsirslé havirfg atfiie sibAESayek raaeisied SoGedayar gethefint didon of t he NMOS
transistor is about equal to a ratio of electron nobility to hole nobility
inthe first sjli l.gyer m r device of claimb55,
wherein t[‘?@e[’saé%h(k:tga%&é@g[@I%Yg{/:éig%le%g %&’é%eggggcw%% transi stor and an NMOS
transistor, aratio o ate wdth of the P t,ransi stor to a gate width
of the NMOS t PBHYRYE 151&%&?58%1&*“@&38@@8“3“@%@ Sb‘f“"éf“l@?& YOS obi ity to
hole mobility in the strained silicon layer. 59. The sem conductor device
of cl ai m 8 curmnefioet is alohgsubssantiabytio 1> cowstal eeniaien.udes a PMOS transi st or
and an NMOS transistor, a ratio of a gate width of the PMOS 31

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.

8. The semiconductor device of claim 55, wherein the scmiconducfor 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.

59.  The semiconductor device of claim 55, wherein the semiconductor device

inclndes a PMOS transistor and an NMOS transistor, a ratio of & gate width of the PMOS
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transistor to a gate wdth of the. NMOS transistor is about equal to the
square root of the ratio of electron nobility to hole nobility in the
first silicon layer. 60. The sem conductor device of claimb55, wherein the
sem conductor 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

nmobility to h |I| strained_silicon |layer. 61. The

seni condud@Bis ?%g%@gﬁ fﬁcrﬂ-@és trafsistos fsrab WtF@]abﬁOé@tﬁévmwafrpdeout 0.1 and
| ess than about 0.5. 62. The sem conductor device of claim55, wherein the
strai ned gitiiofelectionynebilitise hale mpbilitwio ¢herfosigiiomslayenf | ess than about 1 nm
63. The sem conductor device of claimb55, wherein the sem conductor device
conpri ses at least one of a NOR gate, a logic gate, an inverter, an XOR

gat e, transistor, .and a pull-down tran5| stor. 64.
The seni I(;Ic%ﬁlducﬂl‘} IH’@W@@%‘:}W@F éﬁr fﬁﬁ“@ﬁ wheggin ﬂhéﬁﬂ@méaqt@dn‘gcea first region
and a second region, the first region conprising mcroelectronics devices
and a pl urdudesya B3OS trensistor kit aarNYIOS frensisear coretio efQi gate wi@thpf the PigSa plurality
of netal layers, and the second region further conprising a die-saw edge

and a cl e@a@ﬁﬁﬂt@d%wﬁﬁ%fﬂie%ﬁ@@ﬁ&sﬁf&ﬁ aB6U: BGbal BALRA: Wi ot @ top netal

| ayer over the substrate.
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 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
pompri;es at least 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.

4. 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 fegion comprising a plurality of metal layers, and the second
region further comprising a die-saw edge and a clearance area, the clearance area being

all area without a top metal layer over the substrate.
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65. The sem conductor device of claim64, wherein the clearance area in the
second region conprises a strip about 0.5 pmto about 10 gmin w dth. 66.
The sem conduct or device of claim®64, wherein the clearance area in the
second region conprises a strip without inter-netal |ayer over the
substrate. 67. The sem conductor device of claim®64, further conprising
seven or nore netal layers forned over the substrate. 68. The

sem conduct or device of claim64, wherein the clearance area in the second
region conprises a strip about 0.5 pmto about 10 pmin wi dth w thout

active arga. O sehitenduelt 6ndUedifm devhdasn Bt cﬁéﬂcﬁ%\%ﬁl f(n tﬁ?ge:égﬂdn the

cl earance area in the second region conprises a ectric layer

with a diegl. .G ss .than silicon oxide, 70. The sem conductor
devi ce ofre%ﬁ#r#’%%?gaﬁé?goﬁlﬁb‘sﬁgt8la€°élF EL‘(‘:‘B‘%‘P”Q "in the second region
conprises a fluorine-containing lowk dielectric layer. 71. The

sem conduct or device of claim64, wherein the clearance area in the second
regi on cogpri SRSseicoAlRRNIERE LAl il g Llef LandsS. 72+ A

sem conduct or devi ce conpri sing: ;&éﬁ@éﬁ‘}?%gg%&g&éer g{tﬁ%’ﬁe{g% stor forned
first transistor having.a first gate electrode and a
P(I\)vﬁﬁoqtﬁgerfnile@ﬁayFrrOXﬁrstI]%g‘B’FmEi’ei. ng oriented such that

st souriel hfrse 1y

=

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 um to about 10 pm 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

feglon comprises a fluorine-containing low-k dielectric layer.
7. The semiconductor device of claim 64, wherein the clearance area in the second

Ieglon comprises a carbon-containing low-k dielectric layer.
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current flow through the first source/drain region is substantially al ong
the <100> crystal orientation of the substrate; and a second transistor
formed on the substrate, the second transistor having a second gate

el ectrode 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 el ectrode and the second gate el ectrode have
spacers forned al ongside, the spacers of the first transistor being |arger
than the spaceAsemicoddngor dieOfthphikiagsi stors, 73. The seniconductor device
of claim 72, wherein at |east one of the first transistor and the second
transi stor havgﬁﬁgﬁ&grs formed above a silicide region of the substrate.

74. The semiconductor device of claim 72, wherein the substrate conprises a
waf er having a.notch such that an angle forned between the <100> crystal

orientation of 2 fiErangstgsiormpdon hecsubstiie the fiighiraseistenhavinga fist ge and t he cent er

of the wafer is | ess than about 7 degrees. 34 75, The sem conductor device
of cl ai m zRriradnendd first souscé/immtrediom tigifisdt ounsisor beifMoBnted RRFast Or and t he
second transistor is an NMOS transistor, and the second transistor has
spacers f QuAgefeR titdgh tidifird Shrl@dif BoRR i Qb dAEAFHRRE RIS 00> 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 ortented 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.

73, The semiconductor device of claim 72, wherein at least one of the first transistor

and the second transistor have spacers formed above a silicide region of the substrate.

74, 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.
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76. The sem conductor device of claim 72, wherein the substrate includes a
shal l ow trench isolation inparting stress onto the substrate. 77. The

sem conduct or device of claim 72, wherein the substrate is bulk silicon.

78. The sem conductor device of claim 72, wherein the substrate is a

sem conductor- on-insul ator substrate having an insulator |ayer forned on a
first silicon- layer and a second silicon |ayer formed on the insulator

| ayer and wherein the substrate conprises a wafer having a notch such that
an angle fornmed between the <100> crystal orientation of the second

silicon | gger Tmdemicbhduetof davideef dim7hevipasicie BRduiniRoeRAPMOP! the wafer is
| ess than about 7 degrees. 79. The sem conductor device of claim72,.

wherein t Sdishd @b i: IEME)% i L. aterial with a
first |at Bl?%e constaﬁatcsang %ﬁgésc%ln setﬁa%%sg‘%lué}%g%%%oﬁgﬁwfwmh a second
| attice constant. . The,.seni condyct or. device of claim79, wherein the
first sen‘i%%?ﬁ%ﬁ%?f)‘f%‘?ﬁ?%W%‘%TEWH?%@@FW-COWgerrrani um 35 81, The

sem conductor device of claim 72, wherein the substrate conprises a first
silicon layer, a relaxed Si1l-xGex |ayer on the first silicon layer, and a

:Eag‘lai:gﬁgu?itﬁi)ir : e\/S %@é@%@c@f%&%@gﬂcﬁ@ﬁg%@ﬁeﬁ ﬁ%@‘#@%ﬁ@&dg%*g@ﬁ' | ayer has a

trench isolation imparting stress onto the substrate.
77.  The semiconductor device of claim 72, wherein the substrate is bulk silicon.

78.  The semiconductor device of claim 72, wherein the substrate ig a semiconductor-
on-insulator substrate having an insulator layer formed on a first silicon'layer and a
second silicon Iayer 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.

79.  The semiconductor device of claim 72, wherein the substrate comprises a first
semiconductor material with a first Jattice constant and a second semiconductor material

with a second lattice constant.

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

comprises silicon-germanium.
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surface roughness of |ess than about 1 nm 83. The sem conductor device of
cl aim 81, wherein the sem conductor device includes a PMOS transi stor 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 nobility in the first silicon layer. 84. The sem conduct or
device of claim81, wherein the sem conductor device includes a PMOS
transi stor and an NMOS transistor, a ratio of a gate width of the PMOS
transistor to a gate wdth of the NMOS transistor is about equal to.a ratio

of electrogy, mih éejnﬁoonmtdﬂaéﬁcefb?%gilw \\X}%é}eihﬂ% s'@?}s@rﬁ‘ﬂgggﬁ%@ﬁ%g | ayer. 85.

The sem conductor device of clalm erein r device

i ncl udes a r i r d an N transistor, a ratio of a gate width
of the PI\/@? Lﬁf@%@%&ﬁb‘@‘ At an ngfs%s‘{%‘?onﬁqﬁf’ RiCEstiingh glieondayei s about
equal to the s iJare,root of the ratio of electron nobility to hole

nmobi ity i‘?PﬂEmnrg ax5dr 1083 lpyeg.on | ayer. 86. The sem conductor device of claim
81, wherein the sem conductor device includes a PMOS transistor and an
NMOS transistor, a ratio of a gate wwdth of the PMOS 36 transistor to a
ate w dt hy,of transistor is abput equal, to_the square root of the
?ati o of elect ?gﬁseﬁho%gqc{o vaceﬁnglgnh%lbw creily the straiped silicomlagiesdiasa | i con | ayer .
87. The sem _conductor device of claim@8l, wherein x is greater than about
0.1 and surface roughness of less than about 1 nm.

83.  The semiconductor device of claim 81, wherein the semiconductor 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 a ratio of electron

mobility to hole mobility in the first silicon layer.

84.  The semiconductor device of claim 81, wherein the semiconductor device
includes a PMOS transistor and an NMOS transistor, a ratio of a gate width of the PMOS
fransistor 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.

85.  The semiconductor device of claim 81, wherein the semiconductor device
includes a PMOS transistor and an NMOS transistor, a ratio of a gate width of the PMOS
transistor o 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.

86.  The semiconductor device of claim 81, 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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| ess than about 0.5. 88. The sem conductor device of claim 72, wherein at
| east one of the first transistor and the second transistor have a
dielectric liner between the spacer and the substrate, the dielectric

| iner being formed of a material selected fromthe group consisting
essentially of an oxide, a nitrogen-containing oxide, or a conbination
thereof. 89. The seni conductor device of claim88, wherein a ratio of a
width of the spacer to a thickness of the dielectric liner is |ess than
about 5. 90T '3 Ete Bt thsrNIdOR imarsistdr idbaitenBBio tid\au@k fook gndi el ectric
liner is Iesimﬁhan. about 350 A in thickness. 91. The 'sem conductor device
of cl ai m 72atiodfeleetion nidbditsiolhoRiny £ eeH 0 i ni ckel silicide,
cobalt silicide, platinuéfsiIicfgg?yﬁﬁﬁﬁgﬁ?gpﬁhgkgﬁ icide. 92. The

sem conduct or device of claim 72, wherein at |east one of the first
transistor _and the second transistor is covered with a tensil e-stress

film 93. Te s&ifisenivandvetordedise dintaimfs 1oz OB gromRemel fhokite1 4ensi | e- stress
filmexerts a tensile stress of a magnitude of about 50 MPa to about 2

GPa. 37 94 .lesTthen shentichinduct or device of claim 71, wherein the spacers are
formed of a material selected fromthe group consisting of silicon nitride
(Si3N4), a nitrogen containing |layer other thanSi 3N4, SixNY, silicon
oxynitride Si OxNy, silicon oxine

88. e semiconductor device of claim 72, wherein at least one of the first transistor

and the second transistor have a dielectric lner between the spacer and the substrate, the

dielectric liner being formed of a material selected from the group consisting essentially

of an oxide, 2 nitrogen-containing oxide, or 2 combination thereof.

89.  The semiconductor device of claim 88, wherein a ratio of a width of the spacer to

a thickness of the dielectric iiner is less than about 5.

90.  The semiconductor device of claim 88, wherein the dielectric liner is less than

about 350 A in thickness.

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

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

92. 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.

93.  The semiconductor device of claim 92, wherein the tensile-stress film exerts a

tensile stress of 2 magnitude of about 50 MPa to about 2 GPa.
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Si OXNy: Hz, and a conbination thereof. 95. The sem conductor device of claim
71, wherein an inter-layer dielectric is deposited over the first

transi stor 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. 38 96, A nethod of form ng a sem conductor device,
the nmethod conprising: providing a substrate; formng a transistor on the
substrate, the transistor having a gate el ectrode and spacers forned

al ongsi de_the gate el ectrode; and formng a silicided region along the
surface of*t hdhesamitonductor denite of biaim 21, wheweintthedpadRiabd fMedlorh he silicified
regi on extends beneath the spacers, wherein current flow through a

sour ce/ dr miteridl 6o o thdody &:Hs"xétﬁ% gf sifg@m n%@%ﬁ@ﬁh%a?ﬁ%% al ong a <100>

crystal orientation of the substra *%1aim96, further

conprisin | 150 rench.isolation, .inparting stress onto the
subst r at e&ng‘gﬁﬂallﬁgr %%@%ﬂ SB}q“’tcsll"gg’rﬁt]@BI} OWﬁ‘gisﬁotNyéﬂ%bémmat e is. bulk
silicon. @g ]igﬁaqget hod of claim 96, wherein the substrate is a

sem condutPdivitma RSOmBingon thesspf.ng an i nsul ator | ayer formed on a first
silicon |layer and a second silicon |ayer forned

95.  The semiconductor device of claim 71, 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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on the insulator |ayer, wherein a <110> crystal orientation of the first
silicon layer is substantially aligned with a <100> crystal orientation of
the second silicon |ayer. 100. The nethod of claim 99, wherein the second
silicon | ayer has a surface roughness of |ess than about 1 nm 39 101. The
met hod of claim 96, wherein the substrate conprises a first sem conduct or
material with a first lattice constant and a second sem conductor nmateri al
with a second lattice constant. 102. The nethod of claim 101, wherein the
first sem conductor material is SiGe. 103. The nethod of claim96, wherein

the substgeat e Acfﬁm‘mmgﬁﬁéﬁfcg@%%% ?I%{aerﬁethofi‘i Coﬁlgllli%id Si 1-xGex | ayer on

the first silicon layer, alned sifticon lay the rel axed

Si 1-xGex |ayer, 104. The nethod of claim 103, wherein the semni conductor
devi ce i ncl udB®VEMBEEEIS I ansi st or and an NMOS transistor, a ratio of a
gate wdth of the PMOS transistor to a gate wdth of the NMOS transistor
i s about equakormingtatitangigioriop thefsuksiretes thomangisioi: having atgate isttende ambi | i ty in the
first silicon layer. 105. The nethod of claim 103, wherein the

sem conduphets fol@el @engsitielieda cicitddeSindt r ansi stor and an NMOS transistor, a
ratio of a gate width of the PMOS transistor to a gate width of the NMOS

transistor is fﬁﬂﬂfgta SRR reEBn ﬁloﬁfﬁlg Qurfle & ESL Shte'S0c it{uit bledsPa hol e
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.

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

imparting stress onto the substrate.
98.  The method of claim 96, wherein the substrate is bulk silicon.

99.  The method of claim 96, 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.

100.  The method of claim 99, wherein the second silicon layer has a surface roughncés

of less than about 1 nm,
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mobility in the strained silicon |ayer. 106. The nethod of claim 103,
wherei n the sem conductor device includes a PMOS transistor and an NMOS
transistor, aratio 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 nobility to hole nobility in the first silicon layer. 40 107. The
nmet hod of claim 103, wherein the sem conductor device includes a PMOS
transi stor 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

squar e roqd1.of Tl khehdddf &Einﬁéﬁ?%ﬁé&ﬁ&e@%&r%%&péﬁ#@ gt, sggu%igqlz | }:t%;/;r Lni tshgr eat er

strained silicon |ayer. 108.

t han abou : ess..t han about 0.5. 109. The nethod of claim 96,
wherein f tg%a%n%g\ﬁp%e&?tﬁ%% opsggat ?rﬁlél seenad sepqnivioranatedialevisica secand| i ner  bet ween
t he spacers,and the substrate, the dielectric liner being formed of a

mat eri al EEPBHNE r om t he group consisting of an oxide, a
ni t rogen-contai ning oxide, or a conbination thereof. 110. The met hod of
claim 109, wherein a ratio of a width of the spacer to a thickness of the

di el ectri ingr is l.ess .than aboyt S. 111. The method of clai m 109,
wher ei n t%%idi el P?Brof’(??aﬁlﬁ’eﬁ‘li‘gheﬁé%@eflrﬁawrrm@mctc@mmanimic&e.

103.  The method of claim 96, wherein the substrate comprises a first siticon layer, a

relaxed Si;.,Ge, layer on the first silicon layer, and a strained silicon layer on the relaxed

SizGe, layer.

104.  The method of claim 103, wherein the semiconductor device includes a PMOS
transistor and an NMOS transistor, a ratio of 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.

105.  The method of claim 103, 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.

106.  The method of claim 103, 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 4 ratio of electron

mobility to hole mobility in the first silicon layer.
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t hi ckness. 112. The nethod of claim 96, wherein a ratio of a width of the
spacer to a length of the gate electrode is about 0.8 to about 1.5. 113.
The net hod of claim96, wherein the silicided region conprises nickel
silicide, <cobalt silicide, platinumsilicide, or palladiumsilicide. 41
114. The nethod of claim96, further conprising formng a tensile-stress
filmover the transistor. 115. The nethod of claim 114, wherein a ratio of
the thickness of the tensile-stress filmto the width of the spacer is.
about 0.5 to about 1.6. 116. The nethod of claim 114, wherein the

tensil e-sty®SsSi.l S ensile stress. of _a magnitude of about 50 MPa
to about Zf%aﬂ%@%g&rﬁéi%?%&ﬂgFmﬁ'WWC@@“CW”@F HChHes adiMRr s are.
formed of a material_ selected fromthe group consisting essentially of
silicon ni'fasisier andanNMOS tnsigon k ratio gbmgatowidti afithe @MOSyanisot foer t han” Si 3N,
Si XNy, silicon oxynitride Si OXNy, silicon oxime SiO Ny:HZ, -~ and a

combi nat i cgatetwidthebfhe NMES trafisistorre el 16 Has Roodoth kAR lor QPRA! ST N
forming an inter-layer dielectric over the fransistor, the inter-I|ayer

di el ectri cm@ggﬂdmﬁoﬁlﬁgﬁigbgsuba%?ﬁgc@q@aanti ally along the

source-to-drain directio a to about 2 GPa.

108.  The method of claim 103, wherein x is greater than about 0.1 and less than about

0.5.

109.  The method of claim 96, 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, 2 ﬁitrogen-containing oxide, or

a combination thereof,

1 '10. The method of claim 109, wherein a ratio of a width of the spacer to a thickness

of the dielectric liner is less than about 5.

111, The method of claim 109, wherein the dielectric liner is less than about 350 A

thickness.

112. The method of claim 96, wherein a ratic of a width of the spacer to a length of the

gate electrode is about 0.8 to about 1.5,

113. The method of claim 96, wherein the silicided region comprises nickel silicide,

cobalt silicide, platinum silicide, or palladium silicide.
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119. The nethod of claim 96, wherein the step of formng a silicided region
includes: etching a recess region in a dielectric liner, the dielectric

| i ner being positioned between the spacer and the substrate; pre-cleaning
the substrate; and formng the silicided region. 42 120, The met hod of
claim 119, wherein the step of pre-cleaning is perforned by wet dipping
the substrate in a solution of hydrofluoric acid, sulphuric acid, hydrogen
per oxi de, NHAOH, or a conbi nation thereof. 121. The method of claim 96,
wherein the silicide forned bel ow the spacer is fornmed |[|ess than about 70%

of the w dify of : The nethod of claim96, further conprising
forming m (l:{noel'%%?? %ﬁ?@gg%%\?l&cﬁ%hcéﬁ%“pr’émﬁ GmHpBiadspsisrstiggsiim overnthe s in a
first regign and formng a plurality of nmetal layers in a second region
such t hat ﬁ?‘l@s@écond regi on conprises a die-saw edge and a cl earance area,
the cl earance area being an area of without a top netal |ayer over the

substrate. 123. The nethod of claim 122, wherein the clearance area in the
second regjgn ' ip about.0.5 .,..mto about 10 min width. 124
The net hod of (’:IF] glgrgnﬁ]&[g@r,sda%ﬁ{%i“ﬁc?ﬂé‘rEtFoegﬁﬁﬁ]&‘@“@Sé’ﬁtmﬁﬁnﬁlkeﬁt@@cond regi o
conpri ses strip.without inter netal |ayer over the substrate. .

P Aintto thcl%ng\ﬁl of 86 spacer is about 0.5 to abou%ll.ﬁ.

116, The method of claim 114, wherein the tensile-stress film exerts a tensile stress of

a magnitude of about 50 MPa to about 2 GPa.

117 The method of claim 96, 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 Si;Ny, SixNy, silicon oxynitride 810, Ny, silicon oxime SiOxNy:H,, and a

combination thereof,

118.  The method of claim 96, further comprising forming an inter-layer dielectric over
the transistor, the inter-layer dielectric exerting a tensile siress substantially along the

source-to-drain direction of about 0.1 GPa to about 2 GPa.

119.  The method of claim 96, 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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125. The nethod of claim 122, wherein the plurality of |ayers includes
seven or nore netal |ayers fornmed over the substrate. 126. The nethod of
claim 122, wherein the clearance area in the second region a strip about
0.5 mto about 10 pmin wdth without active area. 43 127. The nethod of
claim 122, wherein the clearance area in the second region conprises a
|l ow-k dielectric layer wiwth dielectric constant |ess than silicon oxide.
128. The nethod of cl-aim 122, wherein the clearance area in the second
region conprises a fluorine-containing |lowk dielectric layer. 129. The

met hod of jghai | Myat I area.in the second region

conpri ses g ca?%%fﬁ%}é%wg]?% ﬂg’?gmw@h&gisgﬁég : ?@@W&P@fﬁw@d&% net hod of
formng a m conduct or _deyi ce, the method conprising: providing a
substrate ;fﬁ&gﬁﬁ%ﬁ%ﬁ?il‘? %’EOY‘{“P%H%hyg{ogﬁowctdh@lﬁmb%wfhgﬁd@gm h that current
flow through a source/drain region of the first transistor is substantial)
y al ong a ParPpgs, Nil{Ek i a combinetivingbdrenfi. of the substrate, the first transistor
having a first gate electrode and a first spacer forned al ongsi de the
first gate electrode; and form ng a second transistor on the substrate such

that curr flow t hrough a - ) .
591, ¢ tethiod of glalm 96, wherein the silicide formed below the spacer is formed

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

122, The method of claim 96, 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 aréa being an area of without 2 top metal layer over the substrate.

123, The method of claim 122,.wherein the clearance area in the second region

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

124, The method of claim 122, wherein the clearance area in the second region

comprises a strip without inter metal layer over the substrate.

125.  The method of claim 122, wherein the plurality of layers includes seven or more

metal layers formed over the substrate.

126.  The method of claim 122, wherein the clearance area in the second region a stﬁp

about 0.5 pm to about 10 pm in width without active area.
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source/drain region of the second transistor is substantially along a <100>
crystal orientation of the substrate, the second transistor having a
second gate el ectrode and a second spacer fornmed al ongsi de of a second
gate el ectrode, the second spacer being smaller than the first spacer.

131. The nethod of claim 130, wherein a silicide region is forned
substantially along. the surface of the source/drain region such that at

| east a portion of the silicide region. extends beneath at |east one of
the first spacer and the second spacer. 132. The method of clai m 130,

wher ei n t B%. f i e method 0818012 | whefiPNOS ek AR S d.n N an n-well and
the second transistor is an NMOS %ransfs?@?%ifrﬁn@ej&?@ egE)O-Dwel |, 133. The

met hod of cahiMsd® -k & rising the step of formng a shallow
trench isollgitsi on&?rrpaérllt%clhlr%g‘riysef‘g@g@e%ﬁflgmflf‘@"ti‘iﬁ%@‘%‘%%‘(“@.ﬂ0&1@21. The met hod of
claim 130, wherein the substrate is bulk silicon. 45 135. The nethod of

cl aim 130, wherein the substrate is a sem conductor-on-insulator having an

i nsul at or 128y elthe hratho® df Q#ma 2 | ikleirSthl | ; a.second silicon |ayer
formed on the insulator |ayer, fﬁ@éeublﬁﬁ%&éﬁ%éﬂ%&g%qﬂgﬁgm entation of the

first siligm@lsdsaRbrikes tantially. aligned with a <100> crystal
orientation of the second &I Ils‘g%r‘?‘?ﬁ]e&i}l@ﬁ%}'ﬁg36. The nethod of clai m 130,
wherein the substrate conprises a first sem conductor material with a
first lattice constant and a second sem conductor material with a second

129 The method of claim 122, wherein the clearance area in the second region

comprises a carbon-containing low-k dielectric layer.
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| attice constant. 137. The nethod of claim 136, wherein the first

sem conductor material is SiGe. 138. The nethod of claim 130, wherein the
substrate conprises a first silicon layer, a relaxed Sil_xGew | ayer on the
first silicon layer, and a strained silicon layer on the relaxed Sij xGex
| ayer. 139. The nmethod of claim 138, wherein the strained silicon |ayer has
a surface roughness of |less than about I nm 140. The nmethod of claim 138,
wherein the sem conductor device includes a PMOS transistor and an NMOS
transistor, a ratio of a gate wdth of the PMOS transistor to a gate width

of the NVOB3Qr ahniesbObf fofniAbPini® i | el.ectron mobility to
hole nobility in the first sili cgﬁﬁf°é§§’#@"ﬁ§f“i‘§&‘?é°ﬁ-?&swa hod of claim 138,

wherein the sen evice includes a PMOS transistor and an NMOS
Br& B . : .
transi stor, aratla(}g%&agtrga e wdth of the PMOS transistor to a gate width

of the NMOS tratnsi.sto%: I s about equal to a ratio of electron nmobility to
hole nobility PHURER1E: FaasiePndhg subsitelsaghahat carAdt fidfnehrgwgh hod of cl ai m 138,
wherein the sem conductor device includes a PMOS transistor and an. NMOS

transi st or Sougeeideain rogiofi otthgfitserranbistbris fbstkiRl MR h LERSIS{Rf t0 @ gate width
of the NMOS transistor is about equal to thé square ro of a ratio of
el ectron 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,

131, The method of claim 130, wherein 2 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,

132, The method of claim 130, wherein the first trangistor is a PMOS transistor formed

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

133. The method of claim 130, further comprising the step of forming a shallow trench

isolation imparting stress onto the substrate.

134.  The method of claim 130, wherein the substrate is bulk silicon.

45



mobility to hole nmobility in the first silicon layer. 143. The nethod of

cl aim 138, wherein the sem conductor 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 nobility to hole nobility in the strained silicon |ayer.
144. The nethod of claim 138, wherein x is greater than about 0.1 and | ess
than about 0.5. 145. The nethod of claim 130, wherein the step of formng
the second transistor includes formng a dielectric |iner between the

second spat3sr Shelmethed sfohs 130, @he&ﬂﬂ@hcsﬂbsﬁ%@%ﬂe&cbh&ﬁ r-Qx‘?ln@ﬂathor med of a
materi al selected fromthe group consisting of an oxi

ni t rogen- cigRfnakn hpation ft er eof 47 146 The met hod of

cl ai m 145, whgr e%nﬁﬂat&xlb :Pgong d&actﬁgib}]im%q ayg;an fﬂ?& siligodayer fosmed + hi ckness

of the die e[t iner is Jess than about 5. 147. The nethod of cl ai m 145,
Rl e

wherein th AREn Wherein aj<d 1§xrarystal peentasipoof thestet slicomlapériickness. 148.
The met hod of claim 130, wherein the silicided region conprises nickel
silicide, supsansiply aélgnﬂdowﬂlea,<1ﬁﬂ):a¢rysna]rusnmteltloﬁbﬁﬁa se@dindl@ﬂﬂcbzﬁl@¥é#.m silicide. 149.
The met hod of claim 130, further conprising the step of Tormng a
tensile-stress

136, The method of claim 130, wherein the substrate comprises a first semiconductor

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

lattice constant.

137. The methqd of claim 136, wherein the first semiconductor material is SiGe,

138.  The method of claim 130, wherein the substrate comprises a first silicon layer, a

relaxed Si;..Ge, layer on the first silicon layer, and a strained silicon layer on the relaxed

Siz.Ge, layer.

139.  The method of claim 138, wherein the strained silicon layer has a surface '

roughness of less than about [ nm.

140.  The method of claim 138, wherein the semiconductor device includes a PMOS
transistor and an NMOS transistor,  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.
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filmover the first and second transistor. 150. The nethod of claim 149,
wherein a ratio of the thickness of the tensile-stress filmto the wdth of
the spacer is about 0.5 to about 1.6. 151. The nmethod of claim 149, wherein
the tensile-stress filmexerts a tensile stress of a magnitude of about 50
MPa to about 2 GPa. 152. The nethod of claim 130, wherein the spacers are
formed of a material selected fromthe group consisting of silicon nitride
(Si3N4), or a nitrogen containing |layer other than Si3N4, Si XNy, silicon
oxynitride SiOXNy, silicon oxime SiO,N,:HZ, and a conbination thereof. 48

153. The nd#hodTlefmatiodioft!dig0138 f wietdiEhhe ‘s\'éﬁﬂgfnhl%t&%a\;l?eﬁga]é[ﬁg 8 g&léS?r mng an

inter-layer dielectric over the first and seco he

i nter-| ayegragti&l i ! a tensile stress along substantially the
sour ce-to-drai nrgﬁ%ncwgg‘ﬁ%#msgc%ﬁ?“ T}fg@a’lq%oﬁh@ﬂﬁ)gmﬂﬁwtmﬁ@a net hod” of

cl aim 130, ei@i} N t}ngtep of formng a silicided region includes:
etching a FECE ?é@% OP fragsistr &9 abeutreeal td avetio ofteleetrhi rebtal &d iid | ner bei ng
positioned between the spacer and the substrate; pre-cleaning the

subst r at e; MRty if Besiraigpdshieoslbydr.ci ded region. 155. The nethod of claim 154,
wherein the step of pre-cleaning is perforned by wet

142, The method of claim 138, wherein the semiconductor device includes a PMOS
transistor and an NMOS transistor, 2 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.

143, The method of claim 138, wherein the semiconductor device includes a PMOS
transistor and an NMOS transistor, 2 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 strained silicon layer.

144, The method of claim 138, wherein x is greater than about 0.1 and less than about

0.5.

145.  The method of claim 130, 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 mtrogen-containing oxide, or a combination thereof.
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di pping the substrate in a solution of hydrofluoric acid, sul phuric acid,
hydr ogen peroxide, NH4.0H, or a conbination thereof. 156. The nethod of
claim 130, wherein the silicided region forned bel ow the spacer is forned
| ess than about 70% of the width of the spacer. 157. The nethod of claim
130, further conprising formng mcroelectronics devices and a plurality
of netal layers in a first region and a plurality of netal layers in a
second region such that the second region conprises a die-saw edge and a
cl earance area, the clearance area being an area without a top netal |ayer

over the Subst T BetholB claid'®5BhAq8a Plio 6 @%m}étgzm s)!\%ﬁg&la&rwlf cl earance

area in the second region corrprlses a strip to about 10 [im

in wdth. éﬁaﬂﬂ%g%ﬁthlgg}?gﬁ?ﬁge§183 m 157, wherein the cI earance area in

the second regl f‘ﬂb%?hout inter metal |ayer over the
substrate. 160. The net hod of claim 157, wherein the plurality of netal
| ayers conpri ses seven nore net al Iayers formed over the substrate,

161. The rmhonihézﬁetﬁdd%feim% s, wﬁ%&ﬂh@dfe{é&n% 1996 %t GG sh A fie second

regi on corrprlsesastrlpa Imto a min W wi t hout
active arE% 2. The nethod of claim 157, wherein the cl earance area
in.the se ﬁ(él egion conprises a lowk dielectric [ayer with a dielectric
constant |ess than silicon oxide.

148.  The method of claim 130, wherein the silicided region comprises nickel silicide,

cobalt silicide, platinum silicide, or palladium silicide.

. 149, The method of claim 130, fusther comprising the step of forming a tensile-stress

film over the first and second transistor.

150.  The method of claim 149, wherein a ratio of the thickness of the tensile-stress

film fo the width of the spacer is about 0.5 to about 1.6,

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

a magnitude of about 50 MPa to about 2 GPa.

152 The method of claim 130, wherein the spacers are formed of a material selected
from the group consisting of silicon nitride (SisNy), or a nitrogen containing layer other
than 813Ny, SixNy, silicon oxynitride SiONy, silicon oxime S510,N,H,, and a combination

thereof.
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163. The nethod of claim 157, wherein the clearance area in the second
region conprises a fluorine-containing lowk dielectric |ayer, 164. The
nmet hod of claim 157, wherein the clearance area in the second region
conprises a carbon-containing lowk dielectric |ayer. 50 165. A

sem conductor device conprising: a substrate; a transistor having a gate
el ectrode and a source/drain region formed on the substrate: a | owK
dielectric forned over the substrate and the gate electrode; and a silicide
portion formed on the surface of the substrate below the dielectric;

wher ei n t 163.s eTReGRIRHAGE Ok [ ' udes fir regi on and a second
region, the fi st regi gl%”g%pb@ﬁ}é%rg pgsggé@]sée&o A ErdE and a

plurality etal .l rs, th second region conprising at |east one netal
| ayer, an&%%@ég‘g&%ﬁgg&# %’?ﬁoﬁﬁ‘iﬁ?%ﬁ’f’ the Bitgslayer digecriakixestispavensige and a

cl earance area, the clearance area being an area of wthout a top netal

| ayer ovefTashalong mbstantielly tha ®6rce-Thérameiveaiondtuboar0. eri g2 @f, ¢l ai m 165,
wherein the clearance area in the second region conprises a strip 0.5 u.m
to about 10 jmin width. 167. The sem conductor device of claim 165,

wherein t clgar.anc rea in the second
gy cI AR metnod of claim 130, wherein the step of forming a silicided region includes:

etching a recess region in a dielectric liner, the dielectric lines being positioned

between the spacer and the substrate;
pre-cleaning the substrate; and

forming the silicided region.

155.  The method of claim 154, wherein the step of pre-cleaning is performed by wet
dipping the substrate in 2 solution of hydrofluoric acid, sulphuric acid, hydrogen

peroxide, NH,OH, or a combination thereof,

156.  The method of claim 130, wherein the silicided region formed below the spacér is

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

157.  The method of claim 130, further comprising forming microelectronics devices
and a plurality of metal layers in a first region and 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 without a top metal layer over the substrate.

158, The method of claim 157, wherein the clearance area in the second region

cornprises a strip about 0.5 pm to about 10 wm in width,
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region conprises a strip without inter netal |ayer over the substrate. 168.

The sem conduct or device of claim 165, wherein the clearance area in the

second region conprises a strip about 0.5 umto about 10 min w dth w thout

active area. 169. The sem conductor device of claim 165, wherein the

cl earance area in the second region conprises a lowk dielectric layer with

dielectric constant |less than silicon oxide. 51 170. The sem conduct or

device of claim164, wherein the plurality of netal layers conprises nore

than 7 netal layers in the first region over the substrate, and the

cl ear ancelSar e@hé methbtofeRaONSY, , WRER T CRARAL SRS ifinl LG4 Ao f 0Nt @l M NG | ow K
ev

dielectric layer. 171. The- sem conductofr ice 164, wherein the

plurali tngﬁmiggagthgw&[tﬁﬁa %%? ah%%g?r Sal?%_han 8 netal layers in the first

regi on over the su &area in the second region
conprises a fluorine-containing lowk dielectric layer, 172. The
sem conduct or device of claim 164, wherein the pl ural ity of netal |ayers

conpr i sesl6ior hd hethodBofRinal 57, WYL tHebidr el the substrate,
the clearance area in the second1 rg&loﬂﬁyc%ﬂnr%e?%“ rf Tt dont ai ni ng

| owk di qu%;glh%lﬁggrfm Hg%rg{t‘:g%bﬁgﬁz conduct or deV| ce of claim 164, wherein

the plurality o ayers 'ses nore than 6 netal layers in the,
first region over the substrate, the clearance area in the second region
conprises a carbon-containing |owk dielectric layer, 174. The

sem condué.or Thiene(Ge dTblaih 27 WhG6n URRAGHA ot T L GREAEG.A" €2 1S Positi oned

comprises a strip about 0.5 11m to about 10 um in width without active area.

162, The method of claim 157, wherein the clearance area in the second region

comprises a low-k dielectric layer with 2 dielectric constant less than silicon oxide.

163.  The method of claim 157, wherein the clearance area in the second region

comprises a fluorine-containing low-k dielectric layer.

164, e method of claim 157, wherein the clearance area in the second region

comprises a carbon-containing low-k dielectric layer.
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substantially in parallel to the die-saw edge |ongitudinal direction,
wi thin about 300 p.m distance fromthe die corner. 52

165. 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 gaté 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 2 clearance area, the clearance area being an area of

without a top metal layer over the substrate.

166.  The semiconductor device of claim 165, wherein the clearance area in the second

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

167. The semiconductor device of claim 165, wherein the clearance area in the second

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

168.  The semiconductor device of claim 165, wherein the clearance area in the second

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

169.  The semiconductor device of claim 165, 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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170.  The semiconductor device of claim 164, 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.

171.  The semiconductor device of claim 164, 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.

172.  The semiconductor device of claim 164, 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.

173. The semiconductor device of claim 164, wherein the plurality of metal layers
comprises more than 6 metal layers in the first region over the substrate, the clearance

area in the second region comprises a carbon-containing low-k dielectsic layer.

174, The semiconductor device of claim 164, wherein the clearance area is positioned
substantially in parallel to the die-saw edge longitudinal direction, within about 300 pm

distance from the die corner.
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