CMCS Logic Gate Fabricated on Hybrid Crystal
Orientations and Method of Form ng Thereof [0001]
This application clains the benefit of U S.

Provi sional Application No. 60/575,434, filed on May
28, 2004 entitled CMOS Logic Gate Fabricated on Hybrid
Crystal Orientations and Method of Form ng Thereof,
whi ch application is hereby incorporated herein by
reference. TECHNI CAL FI ELD [0002] This invention
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fabrication on nmft"}%ﬂ%e %ﬁ cpung ]il‘?e‘ﬁt" tions.

BACKGROUND [ 0003] In current CMOS technol ogy, devices
generally are made on one specific sem conductor
substrate wth a single crystal orientation. Fbmever
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BACKGROUND

[0003] In current CMOS technology, devices generally are made on one specific
semiconductor substrate with a single crystal orientation. However, in silicon, electrons have
their greatest mobility in the {100} family of planes, while holes have their greatest mobility in
the {110} plane family. Generally, one or the other of a P-FET or an N-FET is implemented
with the optimum crystal orientation, while the other functions with less than optimal carrier
mobility because it is implemented with the same crystal orientation. U.S. Pat. No. 4,857,986 to
Kinugawa, which is hereby incorporated herein by reference, describes some of the effects of

crystal orientation on catrier mobility.

[0004] Accordingly, one problem with the prior art is that the mobility of both electrons and
holes is not optimized. Because the mobility of one type of carrier is not optimized, devices may

take up more real estate on a substrate in order to meet performance requirements. This larger



-1 device footprint generally increases the difficulty
of designing systemon-a-chip inplenentations, which
may require a |arge nunber of devices on a single
chi p. [0005] Another problemin the prior art caused
by using both P-FETs and N-FETs in a SO substrate
wWith single crystal orientation generally is
potentially severe floating body effect, and the
resulting history effect. Moreover, it may increase
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substrate 10. Wth the mask . . S
through wafer bonding and selective epitaxy. Yoshikawa et al.’s method is summarized in the

following paragraphs and in Figure 1.

[0007] Figures 1A to 1G are cross sectional views in the manufacturing sequence of a
semiconductor device according to the prior art. First prepared are a single-crystal silicon
substrate (wafer) 10 in which the (100) plane comes out to the main surface and a single-crystal

silicon substrate (wafer) 12 in which the (110) plane appears at the main surface (Figure 1A).

[0008] Then, as illustrated in Figure 1B, the substrate 10 is laminated to the substrate 12 by,

for example, planishing adhesion techniques to form a silicon body 20.

[0009] Next, in Figure 1C, a mask material 14 is formed on the substrate 10. With the mask
material 14 as a mask, the substrate 10 is etched to make an opening 18 that allows the main

surface of the substrate 12 to appear at the bottom.



material 14 as a mask, the substrate 10 is etched to
make an opening 18 that allows the main surface of
the substrate 12 to appear at the bottom -2 [0010]
Then, as shown in Figure 1D, a sidewall 50 nade of,
for exanple, a silicon nitride filmis forned on the
side of the opening 18. This sidewall 50 is created by
form ng, for exanple, a nitride filmover the
substrates 10 and 12, and etching the nitride film by
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Figure IF, with a photoresist (not shown) as a mask,
flush witht thp eurfaep of theiselsstrateel 0. Thereforhy thedilican bodh20 basiportraus ef different
10 with the (100) surface orientation. By using a new
surfacpbridntations: sitportion with the (100) plane and a portion with the (110) plane. Further,
in the body 20 of Figure 1E, those portions of different surface orientations may be made flush

with each other. The mask material 14 is then removed from over the substrate 10,

[0012] Then, in Figure 1F, with a photoresist (not shown) as a mask, p-type impurities are
introduced into the substrate 10 with the (100) surface orientation. By using a new photoresist
(not shown) as a mask, n-type impurities are then introduced into the epitaxial silicon layer 52
with the (110) surface orientation. Next, the introduced impurities are activated to form a p-type

well 22 in the substrate 10, and an n-type well 24 in the epitaxial silicon layer.

[0013] Finally, as shown in Figure 1G, an NMOS 26 is formed in the p-type well 22, and a
PMOS 28 is formed in the n-type well 24. This completes the semiconductor device fabrication
using hybrid substrates with multiple crystal orientations in accordance with the prior art.
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(not shown) as a mask, n-type inpurities are then
introduced into the epitaxial silicon layer 52 wth
the (110) surface orientation. Next, the introduced
inmpurities are activated to forma p-type well 22 in
the substrate 10, and an n-type well 24 in the
epitaxial silicon layer. [0013] Finally, as shown in
Figure |G an NMOS 26 is forned in the p-type well 22,
and a PMOS 28 is fornmed in the n-type well 24. This
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control the silicon epitaxy 52, Figure 1E, so that the
almostdlnsh with thef surface efithe sybsaate 0 i con | ayer 52 is al nost
flush with the surface of the substrate 10. [0015] One
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etching as an exanp the m cro-l oadi ng effect causes
surfucq g ppatpmen i Uamgethigh an PRI Jhe igho-FRaping ffect causes wide
trenches. It also causes the open end of a trench to
trenchestte Rtchwraae rappsilyl thpn npmew treechiss slé alse capsey Bpepen aideda trench to
variations in etch rate are caused by well- known
etch mdiefrapidribastbe hasead s tanch. HEwte Yanatiess ivewhiratd atpcatsed by well-
features of the patterned wafer.
known differences in mass and heat fluxes created by the features of the patterned wafer.

[0016] The micro-loading effect is also a known problem in chemical mechanical polishing
(CMP) used for planarization of wafers. Areas of the wafer that are locally sparse or dense
create non-uniformity in the etching/polishing rate. This may cause unacceptable post polish
film thickness variation including dishing. Dishing results from an area of lower pattern density

polishing faster than an area with a higher pattern density, thus forming a dish-shaped surface.

[0017] The micro-loading problem also manifests itself when fabricating FETs on hybrid
crystal orientations. In particular, micro-loading can occur during the silicon epitaxy process.
This causes wide openings to grow slower than small openings. In order to avoid a step between
regions of different crystal orientation, an additional planarization step is required, thereby

adding cost and complexity to the process.



[0016] The m cro-loading effect is also a known
probl emin chem cal nechanical polishing (CWMP) used
for planarization of wafers. Areas of the wafer that
are locally sparse or dense create non-uniformty in
t he etching/polishing rate. This may cause
unaccept abl e post polish filmthickness variation
i ncludi ng dishing. Dishing results froman area of
| ower pattern density polishing faster than an area
[0018]Wi t hwigat kY r@aeéd ib atnictlicd fdeetittoMing i isick @ Ioating effect without adding
di sh-shaped surface. [0017] The m cro-Ioadi ng probl em
unneceaSPediibAifrSodtt sel f when fabricating FETs on hybrid
crystal orientations. In particular, mcro-|loading can
occur during the silicon epitaxy process. This causes
w de openings to grow slower than snmall openings. In
order to avoid a step between regions of different
crystal orientation, an additional planarization step
is required, thereby adding cost and conplexity to
the process. -4 100181 What is needed is a nethod for
controlling the mcro-loading effect without adding
unnecessary conplexity or cost. SUMWARY OF THE
I NVENTI ON [ 0019] These and ot her problens are
generally solved or circunvented, and technica
advant ages are generally achieved, by preferred
enbodi nents of the present invention in which
different crystal orientations may be used for an
N-FET and a P-FET in order to optimze the
characteristics of the transistors. [0020] In
accordance with a preferred enbodi nent, a substrate
may have nultiple crystal orientations. One |logic
gate in the substrate nay conprise at |east one N-FET
on one crystal



orientation and at |east one P-FET on another crystal
orientation. Another logic gate may conprise at | east
two N-FETs on one crystal orientation and at |east two
P- FETs on another crystal orientation. Yet another
logic gate in the substrate may conprise at | east one
N-FET and at |east one P-FET on the sane orientation.
[0021] In accordance with another preferred
enbodi nment, an integrated circuit nmay conprise at
SUMMAES IOR TOE G VESEIONW th the first device on one
substrate wth a first crystal orientation, and the
econd device on another substrate with a second
[0619] cr ygﬁlﬁi’re adiogst aroblsans arpemnerally solyed o sHmEeripd, And trshme!
preferred enbodi ment, an SO substrate may conprise a
advantagsp arseenaraliaskicyed, Ibapesfersadcenhodisnenyd ofghe prgesnt nyewfion in which
wafer) with different crystal orientations. Epitaxy
differemteryyskeé otisreatiane ngpydw usevefooan NBT aofd 2 REET iy stdet to apyieriss the
foll owed by CWP to achieve a planar surface. Then
charactefistice bf then@ahsi§iMsS processes may be used to formthe
N—FET and P- FET devices on the layers with different
cryst I ent [,0023].In anot her preferre
[“°2°]en‘o “"ﬁh‘ﬁ‘rt Bfe ‘?H‘-‘é‘reg} SSERRG APty ]éa"ﬁmqféiéla orystal
I|n1t|ng the active area ratio of |argest N FET
OﬂentaFlegfr Sinetlpgic g3 fpdie snbspptp me’gaoamnﬁsaqle@&ortq%ﬂﬂiw onegrystal
[00241 In yet another preferred enbodi nent,
orientaieminskai desst wve FUBNT e endthesicaustal eteniatione dgothentngicegate may
m ni m zi ng device service area i s advantageous and
comprin®at-lest veaN 439 s wh ene crystdbarien@tios end/atdenstitvesP-FETaon another
secondary factor. Core devices may preferably have a
crystal briemstatiqal. W khdthierdbgis pate $n the atitdhtrBie M Wotpeiey itdest SIRYN-FET and
preferably have a second plurality of sizes, which nmay

at leasttfic PLEHRS©MHe sahé 8Aedthieonf i rst plurality of sizes.

[0021] In accordance with another preferred embodiment, an integrated circuit may
comprise at least two devices, with the first device on one substrate with a first crystal

orientation, and the second device on another substrate with a second crystal orientation.

[0022] In accordance with another preferred embodiment, an SOI substrate may comprise a
top semiconductor layer and underlying layer (e.g., wafer) with different crystal orientations.
Epitaxy may be used to grow one or both of the crystal layers, followed by CMP to achieve a
planar surface. Then conventional CMOS processes may be used to form the N-FET and P-FET

devices on the layers with different crystal orientations.

[0023] In another preferred embodiment, harmful microloading effects are avoided by

limiting the active area ratio of largest N-FET region to smallest N-FET region is less than 10°,



[ 00251 Anot her enbodinent is a nmethod orienting
transistors on SO /epi-layer hybrid orientations. The
nmet hod i ncl udes providing a substrate, wherein the
substrate has at least a first region and a second
region. The first region has a first crystal
orientation, and the second region has a second
crystal orientation, preferably different fromthe
first crystal orientation. The enbodinent further
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detail ed description of the invention that foll ows nay
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advant ages of the invention will be described
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their respective preferred cleavage planes comprises orienting the substrates so that their

preferred cleavage planes are not parallel.

[0026] The foregoing has outlined rather broadly the features and technical advantages of
the present invention in order that the detailed description of the invention that follows may be
better understood. Additional features and advantages of the invention will be described
hereinafter which form the subj ect of the claims of the invention. It should be appreciated by
those skilled in the art that the conception and specific embodiment disclosed may be readily
utilized as a basis for modifying or designing other structures or processes for carrying out the
same purposes of the present invention. It should also be realized by those skilled in the art that
such equivalent constructions do not depart from the spirit and scope of the invention as set forth

in the appended claims.



10027] For a nore conpl ete understandi ng of the
present invention, and the advantages thereof,
reference is now nmade to the foll owi ng descriptions
taken in conjunction with the acconpanying draw ngs,
in which: 10028] Figures la - 1g are cross sectional
views of a prior art nethod for fabricating a CMOS on
a hybrid substrate having rmultiple crystal
orientations; [0029] Figures 2a - 2h are cross
BRIEFBESCRIPTIONIGREHBDRA WINGSed enbodi ments of a met hod
for fabricating a CMOS on a hybrid substrate having

mul tiple crystal orientations: [003 Fi gure is,a
100271 o FePa ot sty Padereng SroRieran i PR i fghnges
N FET spaci ng; 00311 Figures, 4a and 4b are plan .
thereofy Tefirgncsis ngve mads tdthe fllowingdrsintions ke Gegiupgfion with the
directions of maxinmumcarrier nobility relative to
accompgafywe deayrifigss &1 whicknt at i on; 10032] Figure 5a is a plan
view of a preferred enbodi nent of a core device area

oz 5 P L5 A L8 8Bl RS0 Sl

epi -, lLayer. 33] Figure 5h jis. |l an view of a
CMOSpq%e‘af Iyppéﬁu%sﬁ%gegjla‘rﬁgﬁtmgﬁpleac gtﬁi- %%e;%éa% g%ii ce wherein
both P-FETs and N-FETs are fabricated on a (100)
[0029]Si | iRigitesS b s Dh ateasrods8EBibhalRigu of poefersedersbadirnetts of a method for
di agram of a preferred enbodi ment conprising a NAND
fabrica@ing 8 CMO9 08 2 hyhiidsibetrate havidg GultiQW drydhil dgicamiais; a
preferred enbodi nent conprising a NOR gate; and [ 0036]

Figure 8 is a plan. viewillustratjng a_preferre .
(0030] et gy 36 %?ngﬁﬂeF‘?f@lab‘-” pEan prabad iyt 15ftugting RS spacing;

SO /epi-layer hybrid orientation substrate. -8
[0031] Figures 4a and 4b are plan views of preferred embodiments illustrating the directions

of maximum carrier mobility relative to wafer surface orientation;

[0032] Figure 5a is a plan view of a preferred embodiment of a core device area wherein a
P-FET is fabricated on a (110) SOI silicon layer and a N-FET is fabricated on a (100) silicon epi-

layer;

[0033] Figure 5b is a plan view of a preferred embodiment of a non-core device wherein

both P-FETs and N-FETs are fabricated on a (100) silicon substrate;
[0034] Figure 6 is a circuit diagram of a preferred embodiment comprising a NAND gate;,
[0035] Figure 7 is a circuit diagram of a preferred embodiment comprising a NOR gate; and

[0036] Figure 8 is a plan view illustrating a preferred method for orienting P-FETs and N-

FET on a SOV/epi-layer hybrid orientation substrate.



[ 00371 Correspondi ng nunerals and synbols in different
figures generally refer to corresponding parts unless
ot herwi se indicated. The figures are drawn to clearly
illustrate the relevant aspects of the preferred
enbodi nents and are not necessarily drawn to scale.
DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS

[ 0038] The nmking and using of the presently preferred
enbodi nents are discussed in detail below It should

[0037]be appressindingthuniteemel symbbtin difRrdat 8588 gdnerad rdfomnto

provi des many applicable inventive concepts that may

correspRdRB RN @fleds BttRriMs6 diRtd S e BEuSPReidtdvin ©UMaBY iiBustrate the
The Specific enbodi nents discussed are nerely

relevart la%}}éélts _roﬁﬂe\fﬁef@lfre(ﬁmdfiﬂl&tm& ﬁot%&%seﬁ'ﬁg a5 th REule.
I nvention, " and do not Iimt the scope of the
i nvention. [0039] The present invention will be
described with respect to preferred enbodinents in a
specific context, nanmely CMOS fabrication using SO
and hybrid substrate orientations. The invention may
al so be applied, however, to other sem conductor

devi ces wherein electrical isolation of neighboring
devices is a concern. [0040] U S. Pat. No. 6,107,125
to Jaso et al., which is hereby incorporated herein by

ref erence, describes the formation of an SO/ bul k
hybri d substrate using wafer bonding. U S. Pat. No.
4,889,829 to Kawai, which is hereby incorporated
herein by reference, describes the formation of
transistors in the SO and bul k regions of a

sem conductor device. In a paper entitled, High
Perf ormance CMOS Fabricated on Hybrid Substrate with
Different Crystal Oientations, which is hereby

i ncorporated herein by reference, Yang et al.
descri be a process wusing SO technology with nultiple
orientations.



[0041] Cenerally, a primary building block in ULSI
circuits is a CMOS |ogic gate, conprising at | east
one N-FET and at |east one P-FET. A
silicon-on-insulator substrate may be used to
i mpl ement a CMOS logic gate with different crystal
orientations for the P-FET and the N-FET to provide
opti mum hol e and el ectron nobility. Devices nay be
either planar or nultiple gate devices such as
frigate, or FinFET. One advantage of a preferred
DETARHIDDESERIPTION ORILLBETRADIVEE EMRIDBRMENGS t he | ogi c
gate nay be reduced when carrier nobility is

i ncr, . Accordin i.gnifi r eal n_ .. .
100381; o T0R AR eSO R AL Bro s P HEg o e R R docdtbed indetl
optim zing the cyystal rientations to inprove .
below. I phqulef DS AHBFIeTALSH DpYoer At O PreseR RO RS Fpme guplicable
_ may be effectively reduced. Another advantage of a .
inventiye pqneepta thabwey b mBhedipdinakide Faety PLWEFIAG CHIER!S ef hepecific
is alleviated. [0042] Wth reference now to Figures
embodfteents digpussed @reamenely ijlngtagve ef spesibc Ry thanakgsnd seq e inygntion,
sequence according to preferred enbodi nents of the

and dopweBmittthd stopnofi tbeinvp@®431 Fi gures 2a - 2h show a cross
sectional view of a standard silicon on insul ator

(Sa structure th has heen .wafer bond t . .
003915 g apyatal M aedarasRout et BT Cefhatimays o
..Cited herein, T O struct i et.ween about to
Speciig G i FHTECK M GBS0 "a5B 0T 3 R Bt fipntafons. The
) accordance with preferred enbodi nents of  thi . .
inventiop gy lserbe 2pplindy Bowereg é%@%“@gncgnévqt?ré%ﬁwewﬁ%rﬁwa%l@ml
202 having a selected first surface orientation and a

isolatighogfingighbering deviopeis|afenefint he substrate is a buried
oxi de layer, BOX, 204. BOX 204 may have a thickness

[0040]?)‘3t e PQP% gﬁ%&‘zg 6%&90 B %ﬁh%{ Ré?éﬁéz i SraRA 1880 by

er 'ayi ng Is a Sa silico trate 206
reference, describes the formation of an SOI/bulk hybrid substrate using wafer bonding. U.S. Pat.

No. 4,889,829 to Kawai, which is hereby incorporated herein by reference, describes the
formation of transistors in the SOI and bulk regions of a semiconductor device. In a paper
entitled, High Performance CMOS Fabricated on Hybrid Substrate with Different Crystal
Orientations, which is hereby incorporated herein by reference, Yang et al., describe a process

using SOI technology with multiple orientations.

[0041] Generally, a primary building block in ULSI circuits is a CMOS logic gate,
comprising at least one N-FET and at least one P-FET. A silicon-on-insulator substrate may be
used to implement a CMOS logic gate with different crystal orientations for the P-FET and the
N-FET to provide optimum hole and electron mobility. Devices may be either planar or multiple

gate devices such as trigate, or FinFET. One advantage of a preferred embodiment is that the
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havi ng a sel ected second surface orientation and a
doping level. Finally, overlaying the SO silicon
substrate 206 is a nitride, hard mask | ayer 208.
Al ternative enbodi ments not illustrated include
alternative substrates such as Ge, GaAs, GAlAs, InP
or GaN. [00441 Next, as illustrated in Figure 2b, a
| ayer of photoresist 210 is applied, patterned, and
devel oped. Openings 212 are nmade through the nitride

real est2Rdf @rdogie gae thayitke iredube@herl aydsr sndbility feincisasel e d cootilimgly,
| ayer 212, Figure 2c. The openings are then filled

significdhi RRalstt drak entirs QéracbitTuicion Shib ata9be s@fd byUpkimasingtheRrystal
for isolating electrically active regions thereby

orientafl¥ 1%' td Hrﬂﬂro%@ Qﬁrhbﬂﬁolﬁﬁﬂrt af hdditio; 'ﬂ%&u?&tuﬂnéjeogt(i@ékﬁﬂe effectively
in Figure 2e, there is an application of

reducec?.gg%%}ﬂ% g OL.f 5%%5%33 ergﬁloglm;arl? théﬁﬁgﬁga %Q)(‘)Qf} @ﬁ'éc‘f ts

ned Flgure and peni ng 218
alleviall de through selected portlons of t he |solat|on
sulators 214. As will be discussed in further detai

bel ow, the dianmeter size of opening 218 is inportant
[0042]i N Wit teferbivg noweb EFiguedt Ja b iheerirs ilhitrations of the emtninfanturing
Portions of the isolation insulator remaining after

sequenktRecoid@fY to Prdfrgdl @nbiiditheCf (ROprRsens mdkativi. t rench
|solat|on STI) regions 220 in the finished deV|ce
[ 00461 Next, as shown in Figure 2 axi a

n e
100431 Feginss 34 PO LFewTegIPnEhacy oF b ggpard ﬂiﬂ%?l’r‘a’t igsifgior (SOD
The crystal orientation of epitaxial |layer 222 is the
structusestiet has beanevafenhonded to axiijcon spbsiatedn gegeedangg with prior art methods
preferred enbodi ments, control of the epitaxial _
cited hpreine bs SOEstiuepue isdietwesagboit|2 to 209 amahickpreferpblyeabpyt 4G 1m thick.
the epitaxy is process is not properly controlled, the
In accee@dnicawitalprdfeyat enhtagliments effthis moyention, [Fagues 2d ¢ompmises gysiboen
regions of the device. Epitaxy control is conplicated
substrddy/ 202 @ving a selected first surface orientation and a doping level. Overlaying the
substrate is a buried oxide layer, BOX, 204. BOX 204 may have a thickness between about 10
to 200 nm, preferably about 50 nm. Overlaying the BOX 204 is a SOI silicon substrate 206
having a selected second surface orientation and a doping level. Finally, overlaying the SOI
silicon substrate 206 is a nitride, hard mask layer 208. Alternative embodiments not illustrated

include alternative substrates such as Ge, GaAs, GaAlAs, InP, or GaN.

[0044] Next, as illustrated in Figure 2b, a layer of photoresist 210 is applied, patterned, and
developed. Openings 212 are made through the nitride 208 and second silicon 206 layers to the
buried oxide layer 212, Figure 2c. The openings are then filled with a suitable isolation insulator
204 such as SiO; for isolating electrically active regions thereby avoiding shorting contacts,

Figure 2d.
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m cro- 1 oadi ng phenonena wher eby openi ngs 218 having a

| arger size tend to grow slower than those having a

smal | er opening. Frequently during the epitaxy

process, silicon tends to exhibit growh facets, 224,

whi ch may further conplicate device fabrication.

100471 In device fabrication, lateral overgrowh of

the epitaxial layer is generally preferably avoi ded.

Consequently, in preferred enbodi ments of the present
[0045]1 NV ki, GNFighR depthier!is o applibation of@Rekeeld phowhsisnlalyer 216. The

Figure 2h. That is, epitaxial growh is stopped before

secondpRBtofddlst AGRAtEhed 5}@1 ct@Rl ! Bxira bf, laay 8 opehéngOMe ddebrough selected
nei ghboring device regions. As noted earlier, this

portion(s OF H{stlsdlaﬁmnqm%rg Qﬁ@ d AQvaﬁl he dfgbﬁsrs&i inqﬁﬁhé}gleﬁﬁlftﬁﬁﬁﬂ the
makes control e epl t axi al process nore

of th
sl o s g A —

f b
ror e SR ah TRR S R B gt e

devj ce fabrjcatio Q048] Appllcants have
isolatiqy; (ST \resiens 220 M RF HF%@&S%@C%eans of controlling the

m cro-loading effect. In an enbodi nent shown in

[0046]Fi OWNRt, 3s sl RBIR 28ah GpraalilSyef 27 §¥ilicRE iSgeWntoAake silicon
the area of the opening Is at |east approximtely

substrate S0 Mithe WRARRI BH@ntﬁRfi‘iCdf 3 t%?ﬁ? 1%t yeel tl{evﬁm@‘ag &k sﬁ‘@@rate 202. In

active redgions i1s |ess than approximtely 0.07 m

accordgl{be%‘}l{hl HE(Y gmb(?d}xglelﬁp | flﬂ%c}%ff s o &%ﬂaﬁ%g%eﬁgﬂgrgf)oﬂam. As

Ingls contro lTmt Ive
t the | .
oselfGRiiAl % Har it bigrpstd %%Hé@a% R i dpyer s
t { 90 {. . be d
= tendeps 9 5%5%%%{%8&”9?8 SRBRSipVr THRpeT RBY f S P RGOy the

i e i e 0 oo s gl 1 Tl

m cr o- | oadi ng . ] . .
those having a smaller opening. Frequently during the epitaxy process, silicon tends to exhibit

growth facets, 224, which may further complicate device fabrication.

[0047] In device fabrication, lateral overgrowth of the epitaxial layer is generally preferably
avoided. Consequently, in preferred embodiments of the present invention, epitaxial growth is
ended as shown in Figure 2h. That is, epitaxial growth is stopped before the surface of the
epitaxial layer 222 overgrows neighboring device regions. As noted earlier, this result is
complicated by the micro-loading effect, which makes control of the epitaxial process more
; difficult. Next, the multi-layer structure shown in Figure 2h is chem-mechanical polished to a
flush surface 226, thereby forming a substrate having multiple crystal orientations that is suitable

for device fabrication.



are reduced including additional, costly planarization
steps. [0049] In describing various enbodi nents, it is
useful to use term nol ogy and nomencl ature conmonly
used in the crystall ographic arts. For exanple, the
wel | -known M Iler indices are used herein to describe
crystal | ographic planes and directions. Since sone
enbodi nents di scl osed herein include silicon, one
skilled in the art recognizes that the MIler indices

[0048] " ef &¥ppli€an®s hava ARcSRAdEMERvaitiiebuLh Yok aF LOQGfoRRIY the micro-loading
structure. In keeping with crystall ographic

effect. Q' Ei?@rﬁb&ﬁhﬁ%ﬁt shoRRén FRERANEFBRy bPéHind X087k caitfbiled ¥doh that the area
refer to specific directions and planes respectively

of the %n@-?ln%esa% IRl DI Vi 8 phBle Do Beben oo NFET 230
§ led the art sSQ recogni zes t hat

active s5BiaBt iS58 CROPEROXAE 0 e, B Bt ot fereed
reference to specific MI]| Q[ I ndi ces. However,

embodinegna meielopding peentrolisddiviiswiting the agline astaintie of heflasgest N-FET
exenpl ary conveni ence and clarlty only. It is not

region tarthe smaltest N-HH Tiegioa dese thao d DiveGensequeatlyiforpaxt genesasion 90 nm
orientation or a single direction when reference to

node teehi@sgyamiibeyendoCMIOS gate fabribationion hybed crygmbarjentaiohglare favorably
have been equally appropriate. [0050] In further

affecte@ ¢ eHe(RMeE dWighcrRé®f & fedh R0 dITHE AtiSteriblkee itk of micro-loading
channel s (not shown) are oriented along sel ected

are redﬁééﬂ%ﬁﬁhdlﬁgﬁcﬁﬁﬁﬁrﬁl dbéiBSlAfRsatiochkpshannel s are
preferably aligned al'ong a -13 crystallographic
di rection mhereln the carrier nobility is optina
[0049] The A flescabing yappusfearbodimentsy i dvisyhn fasusejterminolpgyymdmepenclature
that not only crystal orientation be properly
commeggy et énlthelsrptstallpgraphia b Farepamplesthe whkimewe Milar indices are
channel is properly aligned. Consequently, as
used hérkinus esatibelcrystalfogyaphée [Hanea ahd diFdeTio28 Bif@momeadd diomenss
(100) epilayer 222 preferably has its channel aligned
discloseth héveimnlinélide silicon, one skilled in the art recognizes that the Miller indices refer to a

face-centered cubic crystallographic structure. In keeping with crystallographic nomenclature,
one recognizes that [xyz] and (xyz) refer to specific directions and planes respectively and that
<xyz> and {xyz} refer to a similarly situated group of directions and planes, respectively. One
skilled the art also recognizes that it is sometimes useful to illustrate an embodiment with
reference to specific Miller indices. However, reference to specific directions and planes is for
exemplary convenience and clarity only. It is not intended to limit an embodiment to a single
crystal orientation or a single direction when reference to other members of a similarly situated

group would have been equally appropniate.

[0050] In further accordance with preferred embodiments, the FET channels (not shown) are

oriented along selected crystallographic directions. FET channels are preferably aligned along a
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direction, i.e. the direction of maxi mum el ectron
mobility in the (100) plane. Simlarly, a P-FET 232
formed on the (110) surface of the SO silicon
substrate 206, preferably has its channel oriented
al ong the <110> direction, which is direction of
maxi mum hole nobility in the (110) plane. [0051]
Figures 4a and 4b illustrate the relative orientations
of the crystal faces and channel directions in
crystalpgRplit dadctnbatrdin Heaittee hebility Repindl. Clrpsfede, ini pesfeired
the plane of the device. For a (100) surface, there

embodicdts, BUS infpbi@nt tHitTREbP BSstay britghitdtion bb SrdpeAi Sel&dted, b6t it is also
(100) surface, Figure 4a. For a (110? surface, there

1mportﬁft €ha? HJeM:EtIV@laﬁ[H %pr%ér@%‘llgﬂéﬁs GohkQehtly, Eé?ﬁm&&&@é in Flgure 3,aN-

pl ane, Fi gure 4b. Carefully orienting both
rET 2 AR Ol R Ef?;"t 119%?8%@6%@%%‘&?3& ?ﬁ?&q’%@s %P@>
dlrec:tlc%r }et% Ct; a&réétlg l lo%gmm%l cﬂgc ogi]ﬁg)oinl% Shb éﬁ?ﬁ ylane € Smtnpa%y, a P-FET

erern eac evi ce resp e carrier

232 forg Lolflit%%@@o%\sé%ﬂ&? %Bﬁ@f %%TSQI A Eﬁml

. includes a N FET on ﬁ epi |l ayer, and a P-FET o
orlentefl fl.'P@¥ the 7 klQz dirggtion, ‘g% 45 1re(98?p of ipaipymhole mgbility i 1n the (110)
alternative enbodi nent, not shown, conprises a P-FET
plane. on a (110) epil ayer and a N-FET on a (100) surface of
a SO silicon substrate. Yet another alternative

[0051] €MD YU FBRM,, anWi 6§ Bl sBaflRid 2BYVe 638t GPRE b %Eﬁﬂ %%desnﬁlﬁ cflannel

rlna y concern, conprises other epilayer

dlrectlons in }S;%geé‘%gileﬁ%%géﬂ fl% e&{ ﬁ Elf%aﬁﬁ?ﬂ ﬁ?e}_ i’l% ﬁqgggfagg &é?gﬁé(vice. For
a (100)[ ggﬁgﬂl g@lr ! e at m?ij%ec Plgsslm 3 Ini]] e p‘f I,of &?Zﬁ_g(?) ésurf%c& @gure 4a.

Fora (h]é)s %@gqq:g}/ fgprgélge %}K,B@ <1 lzpihdn%gtiosrg ?ﬁgg gletﬁe %1 1%)) plane, Flgure 4b. By

carefully orienting both the silicon substrate and the SOI silicon substrate, the channels for both

(100) N-FETs and (110) P-FETs are preferably aligned along <110> directions, i.e. the direction

wherein each device’s respective carrier mobility is maximum.

[0052] The preferred embodiment described above and illustrated in Figures 4a and 4b
includes a N-FET on a (100) epilayer and a P-FET on a (110) surface of a SOI silicon substrate.
An alternative embodiment, not shown, comprises a P-FET on a (110) epilayer and a N-FET on a
(100) surface of a SOI silicon substrate. Yet another alternative embodiment, wherein maximum
carrier mobility is not a primary concern, comprises other epilayer and SOI silicon orientations.

For example, an embodiment may comprise a (110)<110>N-FET and a (111)<112> P-FET.

[0053] Alternative embodiments may comprise other examples of asymmetric processing.
For example, core areas may be reserved for high-speed devices, while non-core areas may be
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reserved for other devices such as ESD and 1/0O
Anot her exanpl e of asymmetric processing nmay involve
the gate dielectric. [0054] Wen using SiQ2 as the
gate oxide in core areas, devices may have thinner
physi cal gate oxide, but in non-core areas, devices
may have a thicker physical gate oxide. This is also
true for high-k gate dielectrics. Wen using a high-k
gate dielectric in core areas, devices may have
reservel T HiRer d8liB6d dukk ad ESRafd DRI dehotter exahifis of Rnmelic processing
non-core areas, devices nmay have a thicker electrica
may ingﬂ(,gthgggg%el&kﬁs{@yer , for high-k gate dielectrics, the
physi cal gate oxide thickness in the core area may
optionally be equal to or larger than that in the .
[0054] non WnmaistgdnO: #0106 5jte pridy i coan areie dedsesmaAvdage thinner physical
asynmetric, core/non-core processing, single
gate oxddd, buttiahibwaorelaoys,clegmtemayrbayvebahidiesiphysich] gate okidR dhd is also
I/Ocircuits. The single orientation is preferably
true for Mph-RFaRtddcdtficsa Whinkusigra lighhkl gate dielaceii iarotergis pdavibes may
a path of thernmal dissipation and a higher junction
have tHfRAKIGSYIBal \bHctoR @R thitkndss;Bubiithoh/coteldréds Uddvices may have a thicker
Furthernore, the manufacturing burden would be the

ele'cmc%flg% bRk SRoSE TR Sbr RiBh-K Hate BelbotEs, thePhl 86 3hie @RidRthiBkness in
partial hybrid orienfation. |f core anhd non-core

[ : ire
the corf B 55 Bl Gna 1B AR G e BB hOhorie BRb Ot oo
on SO regions, which worsens ESD capability and
[0055]j undh yetranotheredetpivnofiasyhmgtsic, foddB@]-coka prictssmgasingle orientation
enmbodi ment is illustrated using a plurality of NAND
logic ghlegimay gatesgnes farESIrualipl eircFisgliccsndlaoremativh is prefrably
plan view of a plurality of NAND gates wherein the

implenfénétdiin @foulkd RMidoatltorredion & Eroeide @path of G4l disskpafien isd a
represented by W, and the width if the total active

higher MR AoPbrefkdoM Witadt BEESDIaad ePsiReRN Bithdmdié, the nfafifcturing
areas, i.e. areas wherein device density

burden would be the same to use either an entire hybrid orientation or a partial hybrid orientation.

If core and non-core devices are on a hybrid orientation for the entire wafer, some non-core

devices probably will be located on SOI regions, which worsens ESD capability and junction

breakdown voltage.

[0056] An alternative embodiment is illustrated using a plurality of NAND logic gates as an
example. Figures 5a and 5b show a plan view of a plurality of NAND gates wherein the width of
the total active area of a row of P-FETs is represented by W, and the width if the total active
area of a row of N-FETs is represented by Wy. In core areas, i.e. areas wherein device density
demands make real estate critical, .hybrid orientation embodiments of the present invention are
included. In non-core device areas, i.e. areas wherein device density is not so vital, devices may
be formed using only a single crystal orientation.
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demands nmake real estate critical, hybrid orientation
enbodi nents of the present invention are included. In
non-core device areas, i.e. areas wherein device
density is not so vital, devices may be formed using
only a single crystal orientation. -15 [0057]
Al ternative enbodi nents, not illustrated, may further
i nclude gate dielectrics conprising nmetal oxides such
as Al2(3, Zr2, H 2, Y203, La203, Ti 2, Ta205;

[0057]Si | iAdRERE VS BtiBodtents, ZoSilMtratéd, Sidy, fudthiedEnclideFateMielectrics
Hf Si ON, Hf Si N; oxi des such as Si ® and oxyni tride. Yet

compn%g %i'etal @kfﬁ@g a@h Y R%,0; 1240 SBFOE Y 3D, BaJES TRRIWAICE] fBcdis such as,
Hf as a portion of the nmetal gate;

Zr&O{,'{%%%N H‘f?{ H@ﬁ@tﬁiﬁslﬁ?ﬁ GiRSoxifBLatn 46 a&?&ﬁﬁntﬁﬂ@ hy &Sther

FQ2; metal nitride gates such as

altema%ff{él ell}cn‘?t{& m\;e@lgrgés 381?{1@5?1&35 i{h Oﬁn"g §?g cfl';ij(l: as 2 é)%lcgla&fqﬁe rnetal gate;

i NI, S P
e R B S O HR A g

ate dlel ri qr f sili.cide
o, 80 8 P gy Bk el sl S gets sy
~the netal gate of N-FET; and Ru, WN, TaAIN for the
also inpladegatqalicidepuch2EEpSPODEY] As di scussed above, using
only a single crystal orientation to fabricate both

100581 FIlsrerrldnttdithdrits RR1ude HEOD HSH, ! HEONEKTQNOB} gate dlelectrlcs

el ectrons achi eve near maxi mum nobil i ty. In or der
I I
poly—Spcyr%ﬁ}&lgF sﬁw%gl@% g&g‘cﬁc gcgur r%tg{éfecl)%&tgﬁéé %g{l) {(]‘;'%.&ﬁf\ls TFﬂr\I aﬁo&]‘ 119??1;, n%/ert]al gate

QHQFEE hﬁggﬁ%%gﬁgrﬁgen%ﬁ§%% gq%ﬁgggpagoL_Fk%$res 5a

opt|n1zat|on requi renents of core regions with
[0059]ec onydischssed dbeanpdiegoily a isingle@nystd peentation to fabricate both N-FETs

and P-FETs on a (100) surface means only electrons achieve near maximum mobility. In order
to overcome this limitation, manufacturers traditionally make W, > W, to account for the poor

hole mobility in P-FETs.

[0060] The preferred embodiment of Figures S5a and 5b illustrate a method for balancing P-
FET optimization requirements of core regions with economics and complexity in non-core
regions. Consequently, a preferred embodiment of the present invention comprises designing a
NAND gate wherein W,/W, of core areas is less than W/W,, in non-core areas. In this way,
additional processing steps associated with embodiments described herein are limited to core

arcas. -

[0061] Figure 5a is a plan view of a preferred embodiment of a core device area wherein a
P-FET is fabricated on a (110) SOI silicon layer and a N-FET is fabricated on a (100} silicon epi-

layer. In this configuration, both holes and electrons may exhibit maximum mobility when FET
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regi ons. Consequently, a preferred enbodi nent of the

present invention conprises designing a NAND gate

wherein Wi/ Wh of core areas is |less than Wi/ Wh in

non-core areas. In this way, additional processing

steps associ ated with enbodi nents descri bed herein are

limted to core areas. [0061] Figure 5a is a plan

view of a preferred enbodi nent of a core device area

wherein a P-FET is fabricated on a (110) SO silicon
channelsa}6y shawd) ae bligried ih & <f o7 dietiet Brthia cfskO4Y)the pleferad embodiment

epi - layer. In this configuration, both holes and

ioufd RGHILaRSes! hble BphroRTot JADRI Wi, tay itvik eéx debdssark @ adjust for

n Fig channel s (n“¥n%ﬁ Eﬁare éﬁ?g%ed |nLa <110> dlre%?lonJ

poor h&l@ n{0l311§y ﬁﬁﬁﬁ’en%dﬁﬁk%t pTlﬁf‘» 8ot Asks YHAGRE SRBYdimbiit il F

[ustrates, W be approximately equal to

Figure @ﬁ bs pl%l‘? Vl@QItOf rﬂ%?&@ﬁn%f %‘nﬂo‘&nﬁéﬂt Uﬁ£ néEore REALe Qﬁér@m both P-FETs

odl nent Is contrasts wt

q .
S PR e B, AR B8
Is. b t ed 100 I
accoungtmgker%q%ﬁglﬁﬁlqbﬁr%Hﬁ%ﬁﬁtfau:'af Ton. W = W Lo account
for the poor hole nmobility in P-FETs. 100621 The NAND

[0062]92t erhieIN ANGDIgateaNudtitetdiif Bigardib, whithGihyBryole:d o hRtpheal region
a peripheral region of the chip, has both P-FETs and

of the M, RS bR POELsQRAd N-BEDS fordbEod 2 Vibifat8 hevifigh Single orientation.
ori'entation. Because of significant inprovenent of

Becau% “oF %ﬁdﬁﬁtqﬁgr&)émgﬂtmf IpOREF L RhAky %md%ﬁxﬁhﬂaﬁén Whdfidh vAifich of p-

core region 1s expecte to achieve a

FET mt];ﬁe coree Fe%; %I\/? ep \[{e tc\>/ QH}H&:V% qq{%ﬁ%e%r(t‘ﬁbsc% -V tl:%ﬁl%t)‘[%flgtlcs

e ratio
reas |

SS a core_area
Theref?r&mnr?fﬁgecﬁm%a%s [N NG .
core ar%?sl. pl"hre ?gslultinsgtl\?ﬁt&l\e@ gate structure therefore saves valuable chip real estate.

[0063] Figure 6 is a circuit diagram of a preferred embodiment comprising a single NAND
gate. Included in the NAND gate are two N-FETSs on a (100) epilayer, and two P-FETs on a
(110) SOI layer. Figure 7 is an alternative embodiment comprising a single NOR gate, wherein

the FETs are similarly situated.

[0064) Although the present invention and its advantages have been described in detail, it
will be readily understood by those skilled in the art that crystallographic orientations and
directions may be varied while remaining within the scope of the present invention. For example,
many of the features and functions regarding CMOS fabrication on SOI hybrid substrate

orientations discussed above may be combined with other mobility enhancing methods.

[0065] One exemplary combination includes the addition of a stress-inducing film to SOI

hybrid orientation embodiments. For example, those skilled in the art know that it is desirable to
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[00631 Figure 6 is a circuit diagramof a preferred
enbodi nent conprising a single NAND gate. Included in
the NAND gate are two N-FETs on a (100) epilayer, and
two P-FETs on a (110) SO layer. Figure 7 is an
alternative enbodi nent conprising a single NOR gate,
wherein the FETs are simlarly situated. [00641
Al t hough the present invention and its advantages have
been described in detail, it wll be readily
induce 4 RERN & §teolinhye thmdae oflnidhh@el irinsistas ar the bhate to drain region. It is
crystal l ographic orientations and directions may be
also de¥isdbled iMdiick & chRPRbiVd\Gram Inlihd\cHahifel S€ pRBarde] fritRispIre e same
i nvention. For exanple, many of the features and
directididnctions regarding CMOS fabrication on SO hybrid
substrate orientations discussed above nay be
conbi ned with other nobility enhancing nethods. [00651
[0066] One Oneengdiiem yhat ovbiaetutesniafhis knelsing hpw ta @eipntitmtramsistors on
stress-inducing filmto SO hybrid orientation
SOVepéhiyadiyived bsentoonse ¥dieplatiye prafesred stabbdimgnis pravide amethod for
know that it is desirable to -17 induce a tensile
properylokighting the trsistdtrannel of n-channel transistors in the
source to drain region. is also desirable to

It
i nd a_conpressive.straindin th ' nel, o
one1, " SHB S e B o B BB, 2 et
One problemthat manufacturers face is _knowing howto, . .
FET angr}-BRT Chamaicls Tkt e selerably nonyppyallfl toa%gid strspipduged degradation in
orientations. Alternative preferred enbodi nents )
either NrFB et d-BE hrelitinig dpefo thp diffsentt piceprpdstancs goefifigient stemming from
transi stors. [00671 When the strain is applied to both
differeft-safaee anddhdbreETgentdtions. It iknowhdhet édnsile stress i-bepficial dier N-FET,
P- FET channel s m ght be preferably non-parallel to
but for@®PET] thé camgedshduaed idpefeaddt Thom, dhoosing proper crystal orientations in
which one is stress-sensitive and the other is stress-insensitive is a way to resolve this dilemma
of strain effect on N-FET and P-FET. This is illustrated in Figure 8, which shows preferred

channel orientation for hybrid substrates.

[0068] The embodiment of Figure 8 shows hybrid orientations composed of (110)/<100>
and (100)/<110> orientations (i.e. wafer surface orientation/gate direction). The piezoresistance
coefficient on bulk p-type (110)/<100> orientation is much smaller than that in bulk n-type
(100)/<110> orientation. These piezoreisitance coefficients on bulk n-type and p-type are used
to simulate inversion mode N-FET and P-FET. That means P-FET is stress-insensiti\}e to either
tensile or compressive stress. For example, tensile stress can be applied to improve N-FET
without degrading P-FET. 1t can simplify the process steps, i.e. no extra steps, such as Ge

implant, are needed to remove the strain effect on P-FET.
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either NNFET or P-FET. This is due to the different
pi ezoresi stance coefficient stemmng from different
surface and channel orientations. It is known that
tensile stress is beneficial for NNFET, but for
P- FET, the conpressive stress is preferred. Thus,
choosi ng proper crystal orientations in which one is
stress-sensitive and the other is stress-insensitive
is away to resolve this dilemma of strain effect on
[0069] N- FETlican énks fecleavEhiohgiapldnk hucihg dicaewesh boiditg @enlity or bonding
whi ch shows preferred channel orientation for hybrid
energy S TRSEIEALES eneckBPSBALS1Test R ARG idiedEnt OtiefhGdHs8s: lﬁgpﬂ\@l 10) > (111).
gyhybrid o?ient%fions(?%;poseg of (110)/<100> 8%n )>(11)
In Figufe!® Wd pi'lﬂfe;rgclf cl@ﬁd’a%g Pﬁh&,%&.sthé 'en&}%etiﬁ@lﬁ)efav&éﬁ ERGGoe glane, of

ori en.t a!ﬁl on/ gate recti on). e plezor es! st anc. .
r10v S8 A, PR g RS ORGSR ST, T,

. ori.entation. . These, pi,ezorei.sitance coefficients,on

inthe gt ity B RS, ISERE € e ERSEe SRRMASP R P mpelc
node N-FET and P-FET. That neans P-FET is

[0070] St I @hsrefois & a¢dordanicd Witk tHeldtbodingmes degcribed abonRra8 34 Vigure 8, a
stress. For exanple, tensile stress can be applied to

method 5P 6@ RinBHafsistodioh¥MlepHRYEAFbAG oRerftiiions idclit®B providing 2
sinmplify the process steps, i.e. no extra steps, suc

substra®S whErein 10 bR trate RhE€2NERASLHrst RoIATRY & stddRd $dgidH. "R fr8Gtgion
on P-FET. -18 [00691 Silicon tends to cleave along a

has a ﬁEeJArt] gg'gtﬁh%%g??’ el tﬂé[\feﬁl)ncpl%gﬁg?lgsa 9%.:3&1& é’rg?ﬁﬁ]] &%ﬁ%ﬁgﬂ, preferably

eavage energ crysta

differen%: 1%({5[? g-leeg'lfrstoc%}iés aE tpgt?ﬂt?@osﬁ oy egn%gt%kleﬁ %#é%) iflfﬁg(.ge]séldézéahninlinng the

8, "t erred cl'eavage p
et B S RE D e L £
s A A b S e
orientil?gr t?le %Ls?far?c{ saethzloglld Qu%tstreﬁg ;oa ’lhlate tlhéir respective preferred cleavage planes are not
parallel. Yet another embodiment may include a plurality of substrates and a plurality of crystal
orientations wherein at least two crystal orientations are substantially not parallel. Still other
embodiments may include devices formed according to embodiments described herein. Yet still
other embodiments may further include a plurality of devices wherein the device gate electrodes
are non-parallel and wherein the gate electrodes form an intersecting angle from about 5 to 85

degrees. In other embodiments, preferred cleavage planes of substrates having different

orientations form an intersecting angle from about 5 to 85 degrees.

[0071] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations may be made herein

without departing from the spirit and scope of the invention as defined by the appended claims.
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[00701 Therefore, in accordance with the enbodi nents
descri bed above and in Figure 8 a nethod for
orienting transistors on SO /epi-layer hybrid
orientations includes providing a substrate, wherein
the substrate has at least a first region and a second
region. The first region has a first crystal
orientation, and the second regi on has a second
crystal orientation, preferably different fromthe

For exdnhpl8,tmdak b8 il feftiee Biidfuntibns Hlseussedbatdiveriay bk ibplesikented with
i ncludes determning the preferred cl eavage pl anes of

other s oSl [RhES 0@ E:ahipRRLE Bhef lRENrDURSs cOfndmabRIvAtH stbodiments
to each other in view of their respective preferred

1ncludecaldﬁﬁf6ﬂgl%emc§§‘§1%h a g ﬁﬁgse 9(99;5’111'{@% Nfeall Hids hx%Etalt ]ﬁﬁk Ltq'ﬁ(gl r

orienting the first and 3écond substrate so
] anes are not
tmnsmrc’? Rﬁe(ﬁgéléé%?%p E%u%é{s E’g Flﬁ ﬁ%ggfqné nt may include a
plurallty of substrates and a plurality of crystal
[0072]0r | &idradvenriBe wiope ef ihe atesérd applicativon s mpsinginded fodwetlmnitedrig the

are substantially not parallel. Still other
particubieBbdiBRhS offthe provehd) dackiay, inteaflmidredmpcsiidmfitgatted, means,
embodi ments descri bed herein. Yet still ot her

methocﬁ,lﬁae diepPadsSriben kY spb@ficdtidh! UEOndoPdrdinatyl diill Rifth€l@y ivglefeadily
wherein the device gate el ectrodes are non-paralle

apprecafbdﬁ&ﬂ BlSdif1dshR &%@pr@ie‘ﬁ?ﬁﬁ&ﬁﬁﬁ ﬁr@éé&&e%nmhéiﬁﬁssxﬁﬁﬁdf%re
angl e from about to 85 degrees. In oth

compoﬁﬂ?t?sdcsfr\[%ﬁe? md3h fn?eﬁﬁo‘?ig dtls &gyﬁ,g&?%;fnagl gnrﬁdva% balhi&Rloped,

avi ng eren orlentat tersecting
that pe%?ngllg guh];s{ag gzbtgm a@eafrl]loc oqgigl\;}gﬁ sub gtglgﬁlﬁ% tﬁbgag’l%l{'%lt alg the
crlb d.in detail nder.st god th .
corresa?a e e L U&ﬁaefﬁ RIS e nigprbigvention.
de herein_ w thout departing fromthe spirit and
ACCOT‘B%%béh%?PPFH@dI cHRjeR predpte iﬂdd%fl}gcmé‘& vijhin ﬁ@ﬂgﬁ%ﬁa processes,
clainms. -19 For exanple, many of the features and
machirfeg,Toatufaesirel compesidensa cratterieaps MemodbAE SEBY Wi t h
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ot her sem conductor technol ogy. Exanpl es of other

t echnol ogi es conbi nable with enbodi nents include
addi ti onal devices such as guard rings, scrap |lines,
seal rings, netal pads, bipolar transistors, or

di odes on substrates of single orientation. [0072]
Mor eover, the scope of the present application is not
intended to be Iimted to the particular enbodi nents
of the process, machi ne, manufacture, conposition of
matter, means, nethods and steps described in the

WHATSISeLAIMED 19n. As one of ordinary skill in the art
will readily appreciate fromthe disclosure of the
present invention, processes, nmachines, nmanufacture,

L dbifpyemdrens dorcefemPEs 8 eans, met hods, or steps,
presently existing or |later to be devel oped, . that . X
BSHPBIaLR ﬁrwgk)squ having afyral reginn and peacrhregionalhn fisy gegion having
substantially the same result as the corresponding

a first eysital diipetatien, Heseedndadsipe hasiere seeandisaystil pripntalipns wheted) thy sccond
to the present invention. Accordingly, the appended

crystal otientatonas diffendné tiehe dhet firsi ergdtal deteniation;n t heir scope such
processes, machines, manufacture, conpositions of
nEfirbtdogic geta femed®hhindst @pionf ads. WHAT |S CLAIMED | S:

1. A sem conductor device conprising: a substrate, the
SHeEdndabgc bave fdiehed ohitlicSdecdrRiGeiOn, antitrén SRAURdegiog hava first
the first region having a first crystal orientation,
preferrra@@leﬁﬁgé’?ﬂné, Kt RBod¥AY SR hACLRBShCrYRidd cledvago Rhé,QAd first
wherein the second crystal orientation is different
' [ .on. ' ic gate

prefer AR B o B R P e o
formed on the second region, wherein the first region
has a first preferred cleavage plane, the second

2. (Byisemiceaduciprslevisn af ¢piaf bwhegindhe Hishiraion) furker camgrises a SOI
first

substrate.,

3. The semiconductor device of claim 1 wherein the first region and the second region are

different materials.

4, The semiconductor device of claim 1 further comprising at least two /O devices on

substrates having the same orientation.

5. The semiconductor device of claim 1 further comprising at least two ESD devices on

substrates having the same orientation.

6. The semiconductor device of claim 1 further comprising an additional device on

substrates having a single orientation, wherein the additional device is selected from a group
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preferred cl eavage plane is not parallel to the second
preferred cl eavage plane. 2. The sem conductor device
of claiml wherein the first region further conprises
a SO substrate. 3. The sem conductor device of claim
1 wherein the first region and the second region are
different materials. 4. The sem conductor device of
claim1 further conprising at least two I/O devices on
substrates having the sane orientation. 5. The
consisti@ ¥ 6 QR Ging[ a steap 1R, PkeaCting, Mblpdlatitiafsitto; @Ak idsidegorat
| east two ESD devices on substrates havi ng the sane
Conmngﬁ&%qhagﬁpn 6. The sem conductor device of claim1l
further conprising an additional device on substrates
having a single orientation, wherein the additiona
device is selected fraoma group 51 consi sting of a
7. Jhapemicppiyictos dedreef qlaimel W whergighe ishigeicgals; Ifoa‘igtaﬁaraﬂel to the
transistor, and a di ode, or conbinations thereof. 7.
secondTpgic €8¢ conduct or device of claim 1 wherein the first
|l ogic gate is not parallel to the second | ogic gate.
8. The sem conductor device of claim7 wherein the

8. f’[’h’é $hmlcBRhe AR ADELILiRE7 wRGERGd ﬁlgt BgicdtctnA MEseBond logic
relative orientation characteri zed by an I ntersecti ng

gate haggg ﬁatlm% ﬁfgﬁor&\aﬁra{c%ﬁéé 51{ Atrse e\%ﬁ}% eﬁigles w"ﬁ?x%iﬂ thé 1I{t9rsect1ng

sen1cond ctor onpr i
angle is about 5 to 85 degrees.

9. A semiconductor device comprising:

a plurality of substrates, the substrates having selected crystal orientations;

a first plurality of FETs formed on substrates having at least two different crystal
orientations; and

a second plurality of FETs formed on a substrate having only one crystal orientation.

10. The semiconductor device of claim 9 wherein the plurality of substrates further

comprises a SOI substrate.

{1. The semiconductor device of claim 9 wherein at least two substrates are different

materials.

12.  The semiconductor device of claim 9 further comprising at least two I/O devices on

substrates having the same orientation.
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a plurality of substrates, the substrates having
sel ected crystal orientations; a first plurality of
FETs formed on substrates having at |east two
different crystal orientations; and a second
plurality of FETs forned on a substrate having only
one crystal orientation. 10. The sem conduct or device
of claim9 wherein the plurality of substrates further
conprises a SO substrate. 11. The sem conductor
13.  devkaficoiduclorideriS shais Nfuathed @apiisinpat 1848 s¢6 BEPleices on
different materials. 12. The sem conductor device of
substrafek Bh¥h @i WahBefieRR | sing at |east two 1/0 devices on
substrates having the sanme orientation. -22 13. The
sem conductor device of claim9 further conprising at
| east two, ESD devi ces .on substrates. having .t he same
4. Jihp semigpndyigtor davicerpferlaimn Ughenrorprisige op é‘%‘g‘B‘PW’i Aeyic on
further conprising an _additional device on substrates
substrates MRYiOE & S@gﬁ@n@n@v@re ehgranihe additipral devisrls selgeted Hamy 2 group
device is selected froma group consisting of a guard
consistingrg a gaardgingpa $darapelineqa seahiing,jargpolar tisnpistonand e dingieseror
and a diode, or conbinations thereof. 15. The
combiradohshardofct or device of claim9 wherein the plurality
of substrates further includes preferred cleavage
pl anes, and wherein at |east two preferred cl eavage

anes. ar ot rad hel 16, . \: '
15, GRaRR Rl Br RSty Pty SRR AR R foudcs
prefengc? glfa:alwlagcl. planes, and wherein at least two preferred cleavage planes are not parallel.

16.  The semiconductor device of claim 9 wherein the first plurality of FETs are not parallel

to the second plurality of FETs.

17.  The semiconductor device of claim 16 wherein the first plurality of FETs and the second
plurality of FETs have a relative orientation characterized by an intersecting angle, wherein the

intersecting angle is about 5 to 85 degrees.

18. A semiconductor device comprising:

a plurality of substrates, the substrates having selected crystal orientations;

a logic gate formed on at least one substrate having a first crystal orientation, the logic
gate further comprising at least two N-FETs, wherein the active area ratio of largest N-FET

region to smallest N-FET region is less than 10°.

19.  The semiconductor device of claim 18 wherein the logic gate further comprises at least

one P-FET, the P-FET having a second crystal orientation.
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to the second plurality of FETs. 17. The sem conduct or
device of claim 16 wherein the first plurality of FETs
and the second plurality of FETs have a relative
orientation characterized by an intersecting angl e,
wherein the intersecting angle is about 5 to 85
degrees. 18. A sem conductor device conprising: a
plurality of substrates, the substrates having
sel ected crystal orientations; a logic gate fornmed on
20. dhek@agbndidtr A6 sadlAmhiBwiigein tHe sesdnd@ijksd] alientation is different
orientation, the logic gate further conprising at
from tHeSAS erisWP ohtbrftheloh,. Wherein the active area ratio of
| argest NNFET region to smallest N-FET region is |ess
than 105. 19. The sem conductor device of claim 18
wherein the laogic gate further, conprises .at |eas ne
2t Phesgmicppicior ﬂﬁc%%f\afilﬂal 1p wheren &lercﬁwfﬁaa of SHbRIEA O
-23 20. The sem conductor device of claim19 wherein
comprisdsa Xdsghrak:-ystal orientation is different fromthe
first crystal orientation. 21. The sem conduct or
device of claim 18 wherein the plurality of substrates

22. e ORIcoRRITR: Id8RSe 8 P %ﬁﬁé&%ﬁlpﬁ%ﬁﬁ atll@&t two I/O devices on
sem conductor device of claim 18 further conprising at

mmgﬂ%gﬁﬁ&ngﬁgS}&Qgggﬁ?ﬁﬁ§ on substrates having the sane

i entation. e sem conductor device of claim18
further conprising at | east two ESD devi ces on

substrates having the sanme orientation. ]
23.  The semiconductor device of claim 18 further comprising at least two ESD devices on

substrates having the same orientation.

24.  The semiconductor device of claim 18 further comprising an additional device on
substrates having a single orientation, wherein the additional device is selected from a group
consisting of a guard ring, a scrap line, a seal ring, a bipolar transistor, and a diode, or

combinations thereof.

25.  The semiconductor device of claim 18 wherein the plurality of substrates further includes

preferred cleavage planes, wherein at least two preferred cleavage planes are not parallel.
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24. The sem conductor device of claim18 further
conprising an additional device on substrates having
a single orientation, wherein the additional device is
selected froma group consisting of a guard ring, a
scrap line, a seal ring, a bipolar transistor, and a
di ode, or conbinations thereof. 25. The sem conduct or
device of claim 18 wherein the plurality of substrates
further includes preferred cl eavage pl anes, wherein at
26. lreasticdndactpr @éfviderceshpeikiagvage pl anes are not parallel.
26. A sem conductor device conprising: a plurality of

PRSI o SutiaNedBaveif KRR cfstbb@dntAohgnt ati ons; a
core device fornmed on at |east two crystal

QrchfIHedick ?&ﬁledtoﬂ%‘é f_lé%t fwd @Wsﬁ?car?éﬂ%%hé itﬁécﬁgqrdﬁ@&?co%pﬁgi;g a

having a core N-FET width,” and a core aving a
- EET Wity ' - car Lce -

core NG eling m Lo R G, And 085 E R LRSS L PR Wi an
conFris“%%i a non-core N-FE¥ hayrp a non-coredN=FET ..
FiGRH OTCAHTAI] T OB AS MBI HE I H QY PG T HS P Op: dee comprising
wi dt erein a ratj] caore P-FET w dt gore

« non- QP FER e e et W] wiil s Bom-H0ie L) Bespsgepop-core P
width to non-caore NNFET width. 27. The sem conduct or

FET wigghy iwhered 2 etigiofrors Palel width tororey Nl widgh isrless tlpya ratie of non-
further conprises a SO substrate. 28. The

core P-EBRiviéhdeseweord NFBE wadthcl ai m 26 further conprising at

| east two 1/0 devices on ' substrates having the sane
orientation. 29. The sem conductor device of claim 26

27. e LBRIoSRITRE id_ééﬁE‘eriﬁJIaihn%s&hér&}ﬁ e BN FE€TbsBRtes further

substrates having the sanme orientation.
comprises a SOI substrate.

28.  The semiconductor device of claim 26 further comprising at least two I/O devices on

* substrates having the same orientation.

29.  The semiconductor device of claim 26 further comprising at least two ESD devices on

substrates having the same orientation.

30.  The semiconductor device of claim 26 further comprising an additional device on
substrates having a single orientation, wherein the additional device is selected from a group
consisting of a guard ring, a scrap line, a seal ring, a bipolar transistor, and a diode, or

combinations thereof.

31.  The semiconductor device of claim 26 wherein the plurality of substrates further include

preferred cleavage planes, wherein at least two preferred cleavage planes are not parallel,
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30. The sem conductor device of claim26 further
conprising an additional device on substrates having
a single orientation, wherein the additional device is
selected froma group consisting of a guard ring, a
scrap line, a seal ring, a bipolar transistor, and a
di ode, or conbinations thereof. 31. The sem conduct or
device of claim26 wherein the plurality of substrates
further include preferred cl eavage pl anes, wherein at
32, llemsthod & midmafrtfrieg ackaivadetdrldavies tiy @ethod cqapidine! .
-25 32. A nethod for manufacturing a sem conduct or
deviieea plubity'Bt fubstrE@HAvIng isflgited Er9stll M@nAtPhsr al ity of
substrates having selected crystal orientations;
frMTh 8 c e BRFET On BEFst@Rystil biidriation! #he kale MUFESHadink QR ore N-FET
the core NNFET having a core NNFET width; formng a
width: COre P-FET on a second crystal orientation, the core
"P-FET having a core P- FET width; forming a non-core

FET gl i J <
e QR T e QUL B LRI g coe .
n-core P-FET on a third crystal orientation, the
-core P-FET having a non-core P-FET width, wherein
g ratio of core P-FET width to core NNFET width is )
Iferguing fpop-gore NaFED op e thigherydplorisniggian, fheRan-qose Nefif thaving 2
N-FET width. 33. The nethod of claim 32 wherein the
non-coea 4ELWidd; ebthpri se an epitaxial |ayer formed on the

bul k silicon.
forming a non-core P-FET on a third crystal orientation, the non-core P-FET having a

FET w

non-core P-FET width, wherein a ratio of core P-FET width to core N-FET width is less than a

ratio of non-core P-FET width to non-core N-FET width.

33.  The method of claim 32 wherein the substrates comprise an epitaxial layer formed on the

bulk silicon.

34.  The method of claim 32 wherein the second crystal orientation is different from the first

crystal orientation.

35.  The method of claim 32 wherein forming a plurality of substrates having selected crystal
orientations further comprises determining the preferred cleavage planes of the substrates and
orienting the substrates relative to each other in view of their respective preferred cleavage

planes.

-26-



34. The nethod of claim 32 wherein the second crystal
orientation is different fromthe first crystal
orientation. 35. The nethod of claim 32 wherein
formng a plurality of substrates having sel ected
crystal orientations further conprises determ ning
the preferred cl eavage pl anes of the substrates and
orienting the substrates relative to each other in
view of their respective preferred cleavage pl anes.
36. Jhe mEdedrofichiid 36fwhete oficbingiersabdiratds ir€lafiveng ckdtother in view of
substrates relative to each other in view of their
their refiRSRRCHERErcP ERARIZE BHinéd RAUATOMPlSRISFichtiMd A edasCOIPTERRS]
orienting at least two preferred cleavage planes not
Cleavag@%ﬂeg fot-padillcl. The method of claim 36 wherein orienting
| east tmo preferred cl eavage planes not paralle
further i ncl udes orienting non-parallel cleavage
pl anes at an_angl e between about 5 and_ 85 degrees.
37. éféle mgthediof slpim ég WherRi arRening Agleast Benprebaed slegyagg@lansenot
the nethod conprising: providing a plurality of
parallekfiyberringludes origeting nostpazallebclpryapailanssabern anglebepweaal about 5 and
orientations; formng a logic gate on at |east one
85 degizehstr at e having a first crystal orientation, the
| ogic gate further conprising at |east two N FETs,
wherein an active area ratio of a largest N FET
region to a smallest N-FET region is |ess than 105.
39. The nethod of claim 38 wherein the substrates
conprise an epitaxial |ayer fornmed on the bulk
silicon. 40. The nethod of claim 38 further conprising
form ng an additional device on substrates
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having a single orientation, wherein the additiona
device is selected froma group consisting of a guard
ring, a scrap line, a seal ring, a bipolar transistor,
and a di ode, or conbinations thereof. 41. The nethod
of claim38 wherein formng a plurality of substrates
further conprises determning preferred cl eavage
pl anes of the substrates and orienting the substrates
relative to each other in view of their respective

38. pymbthod éak modmafacagmgplsameendutlor déliee, M Melod torapriding: 41
wherein orienting the substrates relative to each

@kdieding B plursiy of subbtifés] tHe@SRBGics Weving sfl@iddadysdl @R¥AE ons;
pl anes further conprises orienting at |east two

F6@figs 4 ﬁ%ic %‘alt@&i/ﬁg@dspé&r&_ﬁﬁstﬁﬁ&ha@ﬁfg%l i crYﬁ:ﬁ oridft8tion, the logic
(0]

nmet hod claim42 wherein orienting at 1east two

gate ﬁlﬁﬁ@rfc@ﬁlgggng LO8XAER RLANGSw ﬁt:iglaﬂ %Fﬁ\l'é fita JaHf- sz?far%etst N-FET

i ncl ud of i enti ng non-para eavage pl anes

region &)nagsl.n‘?allg&tl\\f\-@@@‘ r@ﬁgﬁqs lg’ss %‘ijl 108.5 degrees. -28

39.  The method of claim 38 wherein the substrates comprise an epitaxial layer formed on the

bulk silicon.

40.  The method of claim 38 further comprising forming an additional device on substrates
having a single orientation, wherein the additional device is selected from a group consisting of a

guard ring, a scrap line, a seal ring, a bipolar transistor, and a diode, or combinations thereof,

41.  The method of claim 38 wherein forming a plurality of substrates further comprises
determining preferred cleavage planes of the substrates and orienting the substrates relative to

each other in view of their respective preferred cleavage planes.

42.  The method of claim 41 wherein orienting the substrates relative to each other in view of
their respective preferred clecavage planes further comprises orienting at least two preferred

cleavage planes not parallel.

43.  The method of claim 42 wherein orienting at least two preferred cleavage planes not
parallel further includes orienting non-parallel cleavage planes at an angle between about 5 and

85 degrees.
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