CMCS Logic Gate Fabricated on Hybrid Crystal
Orientations and Method of Form ng Thereof [00011
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

rel ates generally to sem conductor fabrication and
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[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 carrier 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 rcal estate on a substrate in order to meet performance requirements. This larger



device footprint generally increases the difficulty of
desi gni ng systemon-a-chip inplenentations, which may
require a |large nunber of devices on a single chip.
[ 0005] Another problemin the prior art caused by
using both P-FETs and NNFETs in a SO substrate with
single crystal orientation generally is potentially
severe floating body effect, and the resulting
history effect. Mreover, it may increase the
difficulty in neeting ESD specifications. [0006]
dewc\é% i gRRYAly IREQSRIBLARP & RERRhEKRicARch-FaMp

oped techniques for fabricating CMOS devices on
imp lé}ﬂé?&étagnss %&h 'hﬁ%‘i" uYi’e h 'Ihré@&luﬁﬂb@i & ElivalAla S et i ons.
For exanp e, . 5,384,473 to Yoshi kawa et
which is hereby |ncorporated herein ref erence,

lﬂﬂﬂ%les c rAAngthsT propietnrn thepipr srhgamped by iusige poth @@%ﬁn@ MiTsina
surfaces and N-FETs on (100) surfaces through wafer

SOI featkGinReak18 SRSt dridRta i ﬁéﬂll 1¥?§t@ﬁtka§l Yaev@te BatinSbody effect,

met hod is sunmarized int fol l ow ng paragraphs and

and thérefi1G%Y lﬁstg-ljy e[’l@&oﬂorn%'vgtuft ?(lilﬁréaéé RIS 'ilpﬁéetmg ESD

sectional views in the manufacturing sequénce of
specififdlog@nduct or devi ce according to the prior art. Flrst
prepared are a single-crystal silicon substrate
wafer) 10 in which the (100) plane conmes out to the
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(wafer) 12 in which the (110) plane appears at the
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in Figure 1B, the substrate 10 is lamnated to the
U.S. BatbNe- r5a?£8é 473 tqj‘!]oshﬂfam catampich is herebp inchipapteddiseed yreference,
techniques to forma silicon body 20. [0009] Next, in
descifitieg a mmsthiod @ febrivatiig BrBE By dngl 1) 4urifaces andihe-ESson (HE0) surfaces
substrate 10. Wth the mask material 14 as a mask,
through evafen bertdirgtand $éledtise eiphp dY oshikawk et 2b’s rogbed W guriBatiedtin the
allows the main surface of the substrate 12 to appear
follomtngtphmglaphstapdin Figure 1.

[6007] 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.

[6009] 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.



-2 [0010] Then, as shown in Figure 1D, a sidewall 50
made of, for exanple, a silicon nitride filmis
formed on the side of the opening 18. This sidewall 50
is created by formng, for exanple, a nitride film
over the substrates 10 and 12, and etching the nitride
filmby RIE or anisotropic etching techniques to

|l eave a nitride filmin the formof a sidewall on the
side of the opening 18. [0011] Next, as illustrated
in Figure 1E, by using the mask material 14 as a nask,
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| ayer 52 to be grown, the surface of the epitaxia
epitasial silion ldyay B is Rwmeopn thesubstoite 1 expesed af theilbdttom ¢itthe bpening 18.
surface of the substrate 10. Therefore, the silicon
The dpirayial2licon taypoi2tic fomsedby dselectveapitaxial\grdveth éhereinafier, referred to as
orientations: a.portion with the (100) plane and a
SEGpaethodthatustdihe hubsitdd ) aspeaheysidhurtid@emnmits the plage ybobe stface
of Figure IS, those portions of different surface
orientatio isttht saoress thay ofiibe mmideuffica shthe wntistrate 42, lor dici{@1(Q) pline to appear
mask material 14 is then renoved from over the
at thSbfate aftties cbDaxiflGOika} lajéred, Here, by guirellihftheubitiness of the epitaxial
phot oresi st (not shown) as a mask, p-type inpurities
silicoli@yer bhiortRQuee teufadelde ths @pitdxia siticohlajwr 51 miali Be tnd&DYImost
surface orientation. By using a new photoresist (not
flushSiEhRg sifac@ofMASubstiatd Y Therdote, the iskisordlbRly2D®Bs portions of different
introduced into the epitaxial silicon layer 52 wth
surfab®&ridbliBs: 8 Poiios &ithklieqMO® biag @ and\epdrtiorn! Wigh metm?iyla@sd Further,
inmpurities are activated to forma p-type 22 in

in thé hslly20 8 Fpadea Bl fhoseAidekich ofditfiies: sWihde odidnthtibnk ARy be made flush

epitaxial silicon layer.
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-fype 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.

[o013] 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.

3.



[0013] Finally, as shown in Figure 1G an NMOS 26 is

formed in the p-type well 22, and a PMOS 28 is forned

in the n-type well 24. This conpletes the

sem conduct or device fabrication using hybrid

substrates with nmultiple crystal orientations in

accordance with the prior art. -3 [0014] A noted

advant age of the hybrid structure shown in Figure IG

is that it enables the portions of different surface

orientations to be alnost flush with each other. As a
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[0018] "llhe 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 pattemn 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.



pol i shing faster than an area with a higher pattern
density, thus formng a dish-shaped surface. [0017]
The m cro-| oadi ng problem al so manifests itself when
fabricating FETs on hybrid crystal orientations. In
particul ar, mcro-loading can occur during the silicon
epi taxy process. This causes w de openings to grow

sl ower than small openings. In order to avoid a step
between regions of different crystal orientation, an
addi tional planarization step is required, thereby
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These and ot her problens are generally sol ved or
ci rcunvented, and technical advantages are generally
achi eved, by preferred enbodi nents of the present
invention in which different crystal orientations
-maybe used for an NNFET and a P-PET in order to

optim ze the characteristics of the transistors.
[0020] In accordance with a preferred enbodi nent, a
substrate may have nultiple crystal orientations. One
|l ogic gate in the substrate may conprise at |east one
N-FET on one crystal orientation and at | east one
P- FET on anot her crystal orientation. Another |ogic
gate may conprise at |least two N-FETs on one crysta
orientation and at |east two P-FETs on anot her
crystal orientation. Yet another logic gate in the
substrate nmay conprise at |east one N-FET and at
| east one P-FET on the sane orientation.



[0021) In accordance with another preferred
enbodi nent, an integrated circuit nay conprise at
| east two devices, with the first device on one
substrate with a first crystal orientation, and the
second devi ce on another substrate with a second
crystal orientation. [0022) In accordance wth another
preferred enbodi nent, an SOT substrate may conprise a
top sem conductor |ayer and underlying |ayer (e.g.,
wafer) with different crystal orientations. Epitaxy
D#ﬁﬁk %?gggn®gg one or both of the crystal |ayers,
SU 0 I%&% y Cmég?%ﬂgchieve a planar surface. Then
conventional CMOS processes may be used to formthe
[061NL FEThessanothprproienys are gensrally sl vedgreirsumpyenied cing ieshaipal
crystal orientations. [0023) In another preferred
advanipgs® efic grenerallylaghiafed] byirefenedenhiodinantsfod ghepresert inxaptieisig which
by limting the active area ratio of |argest N FET
differentopirgstel ordendatighd may beNespEfpr pe i kT dnd al RERT inrader 198ptimizethe
[0024] In yet another preferred enbodi nent,
charagteristice nlthe transisthessi ces i ncl ude core areas, wherein
m ni m zi ng device service area i s advantageous and
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first crystal orientation. The enbodinent further
[002i]nc!| Gifesoderce mithrintsfert frefepedadneodiatbng ke Avagmeddioe mapf

t he substrates and
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°,



orienting the substrates relative to each other in
view of their respective preferred cleavage pl anes.
In a preferred enbodi nent, orienting the substrates
relative to each other in view of their respective
preferred cl eavage pl anes conprises orienting the
substrates so that their preferred cleavage pl anes
are not parallel. [0026] The foregoing has outlined
rather broadly the features and technical advantages
of the present invention in order that the detailed
[00244€'S C It RétlafRth @ prdréifed otk sdaiadndh @bl RVReMMuderore areas,
better understood. Additional features and advant ages
wher?ifn hilEniiRY 8Vide QBviM: bilea RGAFERGEHRAA] nbtCERE RRES WHerid H&ilce
ormthe subject of the clains of the invention. It

servité{:éa}ltsg itg A & ABRY BELRT €8s B¥vicek Hﬁ? Bredthdly BflelaBirdt Exﬁu*ﬁft? of sizes,

e conception and specific enbodi ment disclosed

and 1HRYBE debREl 111% g)réijélia{ﬂiyzhg‘pe Pscéhd bRy bOLzIDREY MBPbOdifferent

esi gni ng ot r structures or “processes for carrying

ipidr poses of the present invention. It
ﬁnms dﬁ%ﬂﬁgF@%%E% realized by those skilled in the art

that such equival ent constructions, do not depart from
[0025lhe Sfiother embrilingens i Bethedheriontingtrnsisiarsn SQUfept-lgyeriybridy
the appended clains. -7 BRI EF DESCRI PTI ON OF THE
orierDRIANY. NS nfs0igd thclydlss previdings sebiwpicewberein deersubynaes hag atdpast a first
the present invention, and the advantages thereof, )
regionehé p esvord fegionoRhafigregion hasa freflcrisial priengrsion ang thegaepnd region
taken in conjunction with the acconpanyi ng draw ngs,
has 4 sgconidictiatal grixpR@pn, Preferetdy diffgrent from ﬁregﬁpr@trc@@@ gegigtionailhe
views of a prior art nmethod for fabricating a CMOS on
embadimgis firthesnblgdesaletsrrhiaing ey prefetrédodleavegeypdangs of the substrates and
orientations; [0029] Figures 2a - 2h are cross
orierging theanimirates wiivofo qacledtberriedicwrdf Sdirmespeative preferred cleadge
for
planes. In a preferred embodiment, orienting the substrates relative to each other in view of

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 advaniages 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
hereinafier 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.



fabricating a CMOS on a hybrid substrate having
multiple crystal orientations; [0030] Figure 3 is a

cross sectional view of an enbodinment illustrating
N- FET spacing; [0031] Figures 4a and 4b are pl an
views of preferred enbodinments illustrating the

directions of maxinmumcarrier nobility relative to
waf er surface orientation; [0032] 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
BRIEFBYESCRDG @ NF T D Afalvdscat ed on a (100) silicon
epi - layer; [0033] Figure 5b is a plan view of a
referred enmbodi nent, of a nhop-core device vvh;reig
[nnzﬁot h For ppee copplote yndeistanging Lfie presenbigyestion, and ghy)advantages
silicon substrate; [0034] Figure 6 is a circuit
theregf, zferanpe oF noy madsria thedpllaving drsrRntiontgkey iR PR EPcionK i the
gate; [0035] Figure 7 is a circuit diagramof a
accoppaymg deriegsbiadiént conprising a NOR gate; and
(0036] Figure 8 is a plan viewillustrating a

[oozgr ef grged el RQE s sttt ik oPa Fidkartandihdy fol &l @fingla
O /epi-layer hybrid orientation substrate. -8 [0037

CMEPH £RRAAAHRGAE WIRAAN SIBRENIM R nfribRy; di T f erent
figures generally refer to  corresponding parts unless

ot herwi se indi cated. The fjgures are drawn to clearl
(0029 | udtiguagse2a hah arg grogs ssptonakyieres of PErferrd embrdimepis of2 method for
enbodi nents and are not necessarily drawn to scale. -9
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[ 0038] The nmking and using of the presently preferred

[0038TDOCHARES f 2R 6s bcHiEhtS FRE df An BEbaiihent ARIsBNVing!N-FEN @btlcthg;
be appreci ated, however, that the present invention

0030 OV S e B Ma M Be ol s of preferred enibodiments 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} 8O 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-FETSs 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 SOY/epi-layer hybrid orientation substrate.
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i nventive concepts that nmay be enbodied in a w de
variety of specific contexts. The specific

enbodi ments di scussed are nmerely illustrative of
speci fic ways to make and use the invention, and do
not limt the scope of the invention. 100391 The
present invention will be described with respect to
preferred enbodinents in a specific context, nanely
CMCS fabrication using SO and hybrid substrate
orientations. The invention may al so be applied,

[003 11OV \(Srespordik Rehe B R ThE YMPIRLQ RifA%! SRS \MaRG Ry efer to
el ectrical isolation of neighboring devices i's a
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hybri d substrate using wafer bonding. U’S :
4,889,829 to Kawai, which is hereby |ncorporated

her ei n 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.
describe a process wusing SO technology with multiple
orientations. [0041] Generally, a primary building
block in ULSI circuits is a CMOS | ogi c gate,
conprising at |east one N-FET and at | east one P-FET.
A silicon-on-insul ator substrate may be wused 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 may be
either planar or nmultiple gate devices such as
trigate, or FinFET. One advantage of a preferred
enbodi nent is that the -10 real estate of the logic
gate may be reduced when carrier nobility is

i ncreased. Accordingly,



significant real estate on the entire sem conductor
chip may be saved by optim zing the crystal
orientations to inprove carrier nobility. In addition,
t he manufacturing cost may be effectively reduced.
Anot her advantage of a preferred enbodi nent is that
the floating body effect is alleviated. [0042] Wth
reference now to Figures 2a - 2h, there are
illustrations of the manufacturing sequence according
to preferred enbodi nents of the present invention.
[0043] Figures 2a - 2h show a cross sectional view of

DETAIEADHSCRIPSION OFILAISTRATNE BMEBEIMENES r uct ur e t hat
has been wafer bonded to a silicon substrate in

ccordance. W t riqQr, art thods , ci,ted herein. The. .
ro0sdlcy ° 7 aip and wint fnedtsemB ey S reat dheos 4 in dea
R T St Y e
. conprises_a silico substrate 202 havi. a selected .
iuverfivy Boncgs BABSU IedE ot Wik aT Rt R iRt The Shecific
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enbogtpents AR R ST P PR B O LT LR e ks et B apention
10 to 200 rim__preferably about 50 nm Overlaying the

aﬂd@ekt%ﬁtheéc%l’eﬁ’ﬁ}fz’éi"fefl‘&% substrate 206 having a

sel ected second surface orientation and a doping

[0039]€V elThe bicaal inventmerill dy dagribddanifiQespestith prfired elabidimets in a
206 is a nitride, hard mask | ayer 208. Alternative

specifif BAREIBRAMSIYTNIOR Ifibssitioateilg SONeddigBri@ bitetratabiisteations. The
substrates such as Ge, GaAs, GaAl As, I nP, or GaN

invedtRA 44l al¥e K¢ apphisd, ilolvedc 1 b@er demidoh@ibte de¥icesavteryiedleddiical
photoresi st 210 is applied, patterned, and devel oped.

isolaGRESTnERAboRhg davicesiPdlentiinough the nitride 208 and
second silicon 206 |ayers to the buried oxide |ayer

00481 PR FLE SR TFRER. S5 e LS o
et el B S SR BTG L0010 DS N RN D . et
No. 4,885,829 to Kawai, which is hereby incorporated herein by reference, describes the
formation of transistors in the SOX and bulk regicm.s 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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-11 [0045] Next, in Figure 2e, there is an application
of a second photoresist |ayer 216. The second
photoresist is patterned and etched, Figure 2f, and an
openi ng 218 made through selected portions of the
isolation insulators 214. As will be discussed in
further detail below, the dianeter size of opening
218 is inportant in practicing preferred enbodi nents
of this invention. Portions of the isolation
insulator remaining after the step in Figure 2f

real R HRN0AS ﬁaﬁhtswea&&a &lhen bas@dr @bty {sSdrdasée A ROGingly,
220 in the i ni shed device. [0046] Next, as shown in

mgmﬁéagwea Sie R hERtAEPdonth@¥ R thid 2y BE sl 'bf Bptirhising HR\Whystal
on the silicon substrate 202. The crystal orientation

oraen&ftml?socb ﬁrﬁﬁb@é candf fobdRyd In%ddiben, AW Bardfachiifs Satbaby BE Sfectively
. accordance wth preferred enbodi nment s,

redu&@ nkfl&her%tivztn_@%e 8P4 pR¥h3d cBbRGRSS id tﬁat'tl‘i@ﬁtfahﬁ@ﬁody/éﬁ'cct is
lustrated in Figure 2g, if the epitaxy is process is
dhvﬂ&h properly controlled, the epitaxial layer has a
tendency to laterally overgrOM/reglons of the device.
Epitaxy control is conplicated by m cro-| oadi ng
[08470h e n S¥itinestantnes BHY FODSHPNAS 2 ﬁwfre?rr ngaatl%% Ydhe @r@éacumg
tend to grow sl ower than those having a smaller
sequenpe prcorgingrte prylraiet ybedimerig of thepissant WxsntisEocess,
silicon tends to exhibit growh facets, 224, mhich

004518y TRihldoh —oRnRbd, 6 3ic8s steNdabvibabr 4 &ﬁtdamme[o%ﬂ?ﬂsurhﬁr (SOD
evice fabrication, |ateral overgrowh of the

struchiid thaPHadthech 4R bbied %@@Elﬁ&dﬂ)@u@d’trﬁffe% akbMan@WR AR art methods
Consequently, in preferred embodi ments of the present

c1ted'1_;1:31\é§p%@§01 s%ﬁbt‘hf?ﬁb BlewBE bk 2 18 2068 RESH IR Sr W ath it 40 nm thick.

ure 2 is, epitaxial gromh is stopped before

In acw&a raﬁtﬁgfefegredte&%odiﬁleﬁtg BinBlind AN, TR R \BHBHQYA silicon
ner g or| evice regions. As notéed earlier, this

subst\%ai?%{#]zthﬁg@gs aGEaBRLd ﬁ'rl‘:s‘{ ﬁﬁa@oﬂeﬂﬁuéﬂ Anld Q- doﬁﬁg el vafeﬁ%ng the

contro t he epl t axi al process nore

subsiied fla bl o yer (HGX Dl BOsEHR mSlHAEE i kn S BV cbilabout 10
igure 'S m mechani cal polished to a

to 200 i, preferably about 50 nm. Overlaying the BOX 204 is a SOl 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 ilfustrated

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 2¢c. The openings are then filled with a suitable isolation insulator
204 such as Si0Q; for isolating electrically active regions thereby avoiding shorting contacts,

Figure 2d.
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flush surface 226, thereby formng a substrate having
multiple crystal orientations that is suitable for
device fabrication. -12 [0048] Applicants have

di scovered an advant ageous neans of controlling the
mcro-loading effect. In an enbodi nent shown in
Figure 3, epitaxy opening 218 is controlled such that
the area of the opening is at |east approximtely
0.02 n2 when the spacing 228 between two N-FET 230
active regions is |less than approximately 0.07 m In

[0048N aINeRY, NAkiLYE 2c,ANGe ﬁ%efﬂfc&ic&rdf,ed@ceﬁ@ﬂwt&aﬁ& layer 216. The
mcro-loading is controlled by Iimting the active

R BBofRist @ ptertddGnll 8BRS Fighte BE hnd &iE@iehidg LO8 Hl thr lected
!wM)sﬁglfesthPFé% reaion IeggmfhannlggghCD%sequentI;?g¥gia}e

portiGHe 5 th GoEHiBh iRMaRE NN A0 bk AEBNSdAE YurfRHdRAY My, the

gate fabrication on hybrid crystal orientations

'dima&esi{e%\fg itler 188 EBHER iPMadRfo PR AR HBSHIHRNG bF th® ihfntion.
set forth herein. The deleterious effects of
o 1L . otk i ncludi > |
Pt e o A Al B S R EL A AR stallow tench
. I j ddydos.Useful to use term nol ogy
mmﬂ%ﬁgbﬁgﬁgﬁgﬁg?gggﬂéggﬁ#%ﬁFéc%sed in the
crystal |l ographic arts. For exanple, the wel|-known -
-[0046]1 | | &lext, pelihows imFiguredgcin cnteaal fryer22ded eifipgyeis grown on the silicon
crystal | ographic planes and directions. Since sone
substenthfi b ciystaliirisplatiercef cpexdal dayprR duiide sdnng asdhe subsieate 202. In
skilled in the art recognizes that the MIler indices
accordarfce withgreferrddzppdodianenisr etrels the cpiaxdal ardcergisipiporant. As
structure. In keeping with crystall ographic
illustradasiein Elgaredgeif theppdaxydeprgedsy Baot traperlyontiollgh dbg spjtayial layer has
refer to specific directions and pl anes respectivelg
a tendendy toHattrallxayezgrowmeRigns\f thedefies: Hpdaxy comtrdligedmplicated by the
situated group of directions and pl anes, respectively.
micr@hading kbdnomena wWierehytopertings 218 boting lerger diggttend tojgeow slower than
sonmetimes useful to illustrate an enbodi nent with
those tef g @ smelldropeims i Hréquedlyl dueing tha dpicas proeesaesilimon tends to exhibit
reference to specific directions and planes is for
growth facets, 224, which may further complicate device fabrication.

[o047} 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 Figore 2h is chem-mechanical polished to a

' flush surface 226, thereby forming a substrate having multiple crystal orientations that is suitable

for device fabrication.
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exenpl ary convenience and clarity only. It is not
intended to limt an enbodinent to a single crystal
orientation or a single direction when reference to
ot her nmenbers of a simlarly situated group would
have been equally appropriate. [0050] In further
accordance with preferred enbodi nents, the FET
channel s (not shown) are oriented al ong sel ected
crystal |l ographic directions. FET channels are
preferably aligned along a -13 crystall ographic
[mmqI r e%%)gﬂ&nm%eedi&ohﬁ@d SR bnflee BB dahd ¥ doftrQARhS AR knicro-loading
herefore, in preferred enbodinments, it Is ihportant
etect, Al Pp Y MR B, el bR R LR et g ot ho aro
channel i roper.| '
ot tnqHRRF st BaftaRRlinkel) NG ARIRAGHBRE s tfcen g T 230
. (100) epilayer 222 preferably has . its.channel aljgned
activg nga?ﬂsei Yo ey e BIRY O 7dim. Byt Al rmRE L SO
el ectron nobility in the (100) plane. Simlarly, a
embopingsnty miergJoadgigibernalledRy lymites the aetivg area gitioof thedgsgest N-FET
_silicon substrate 206, prefgerably has its channe
regiop fq thperadlleg N HE T esgondgsg dand Oy efeqnsm?n%f% RextgeRpratiop A0 s
of maxi mum hole nmobility in the (110 pl ane. [0051]
node frehaplesy and beyrad. ABIOF giie ¥arbatwéwtl KB hylgj ogenteippa e Sysrably
of the crystal faces and channel directions in . ,
affecisd by tededicedasisn crisre sot flihsrein. ¢ Rle dufeterions afets ofjmerolppding
the plane of the device. For, a (100) surface, there
are regpeed finpljdingaddisioplrcosthy B#ngriFafiongtePh t he pl ane of the
(100) surface, Figure 4a. For a (110) surface, there

(0049} © DAMCADM: FekibOrerttotfidntsOR §s de¥ful@ vsdtebBRolodd 8hd nomenclature
pl ane, Figure 4b. By carefully orienting bo t he

commidrly G0 inSthé&gtﬂIo%raﬁﬂig aftf eropChanSild, QISR L NMIIEr inlliB& are
channel s for” bot (100) N-FETs and (110) P-FETs are

used g&aﬁ% @@Lﬂbe@:ﬂs&ﬁ_@&aﬁiég]ﬂ%é OFiredibRC KRR Somd exfbodinBits

I rection wherei n ea devi ce's respect Ive carrier
disclSRPhdrkih YnchiRle BROATYAR 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 growp 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 appropriate.

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

oricnted along selected crystallographic directions. FET channels are preferably aligned along a
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[0052] The preferred enbodi nent descri bed 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
SO silicon substrate. An alternative enbodi nent, not
shown, conprises a P-FET on a (110) epilayer and a
N-FET on a (100) surface of a SO silicon substrate.
Yet anot her alternative enbodi nent, wherein maxi mum
carrier nmobility is not a primary concern, conprises
ot her epilayer and SO silicon orientations. For

l&gﬂﬁh 8 diréfioR WRedin TR n*i@)‘no%ﬁ fsiop@ma. (Thdielore RerEET
crystd 1( 111r1) <°112> I%’1 FE‘Ig sAFt ernative e

embITROE, TRNhDoARY tHaPAR %h@%q@ﬁh&ienﬁ‘aﬁ@ﬁ"@é Sop&ly RRYETRLE i't £ also
processi ng. For exanpl'e,” core areas may be reserved

mpo&&{uﬁkaiam@g for oPﬁ)Sédy Mhde (fb%hq&é}fﬂ? aasrzﬁ@s%mgaynﬁ re 3,aN-

- reserve her "devi ces such as$ ESD and |/

FET 4 i;s%rate%ﬁ el.fnla@&mggie@ér@oﬂa@%%ﬁanﬂa 2liBBRA ih Q\é@ioée

e gate di eI ec rnc Wien using Si as the

dlrecﬁﬁ‘f Ce. %A[ Rclith GHKi lﬁa%cuo%%bﬁﬁ; i WY (108Y flardi dsmﬂﬁgrg a P-FET

Sl Ca gate oxli but I n non-core areas,

2 G Sy e B e P
orien ta?ong I1:1%I %ﬂ hi?ec'ﬁFn, g&{ic% 1951?&%‘@% cﬂﬁif xhfidm 'EB% ﬂ(ﬁ)ﬂﬁ‘? in the (110)

ectrlca e oxi cKness

planlﬂnon core areas, devices may have a thicker electrical

gate oxide. However, for high-k gate dielectrics, the
physi cal gate oxide thickness in the core area nmay

[005Hpt | dFigukdsyta bad Eoiliasirategherelatisie gragntatinvpamofithegrystal fadeeand channel
non-core area. [0055] In yet another exanple of

direchensrimpitefaned embadiméniowheren shegifdobgwichligs ig iheglage of the device. For
orientation |ogic gates naybe designed for ESD and

a (100) fufece; theictass folthel 19 digkaiony iymgtathe phine f the €08) supfage, Figure 4a.
i npl enented in a bul k sem conductor region to provide

For ag1 A kirfaet, thdreangwhlydws sil fixt diprtics dyieg infhegh&d) plamndtifwedb. By
br eakdown voltage for ESD and UO circuits.

carefHly drivatingpboth the kidicomsuh$teatt andithegSOI 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 concemn, 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

-14-



burden woul d be the sanme 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, sone non-core

devi ces probably will be |located on SO regions, which
wor sens ESD capability and junction breakdown

vol tage. [0056] An alternative enbodinent is
illustrated using a plurality of NAND | ogic gates as
an exanple. Figures 5a and 5b show a plan view of a

reserféd%racltﬁetr Yieles MUNRs $RDSRA WL Slofhet BEmMMBRAsMimethiOrocessing

active area of a row of P-FETs'is réepresented by

nmy¥¥§%§ﬂggkg g&h if the total active area of a row of

S represented by W,. In core areas, i.e.
areas wherein device denS|ty demands nmake real estate
[0054r i t (Ve usihg BiQas Sreigaivtozide dhcaseriyetd fpnes mgy havgdhinner physical
present invention are included. In non-core device
gate auidzabyt i nen-caue w8, dvineenay Haveiadkickie physiopl gate gxide. Jbis is also
vital, devices may be fornmed using only a single
true for lsigh—& lgate dictaatrins.i Wihen ushie  I0G5Y gataliclsemigin gage areas, devices may
enbodi nents, not illustrated, may further include gate
have thilee eleatiicad gate onipe thidknegs,ihet minooxpdasas WehicasnaX@sa thicker
. Zr02, Hf02, Y203, La203, TiO2, Ta20s; silicates such
electéai] gato:Sid) AlovwkvEi, Nyr highdOgatd-dfided@ics, e ShyENal ddleSixide thickness in
oxi des such as SiO2 and oxynitride. Yet other
the cork zh AAY opidsaliyiod eplel toret kigeghbtwthatCioti@miosicng aRa, Ti ,
Ta, W or Hf as a portion of the netal gate; netal

[005 :r trig eet% %ﬁé%gaéﬁlé §8as ategfg %ﬁ%‘%’ @gﬁiéi@%sﬁgle %ngﬁation
logw,%%‘&'%w%% ?@élgﬁﬁ%%dﬁﬁ% i ﬂ%%mﬁf'%% el e i preteratty

i s RO SPRET RO g (D atigse i & Bt iﬁ%ﬁ%@g pud a

e S Srpeiiogn ftagr BREFD A U0 ol R B epfrotring
purdir CoTE b e 985 E o use either an entire hybrid orientation or a partlal 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 Wy, and the width if the total active
area of a row of N-FETs is represented by W,. In core areas, i.€. 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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of N-FET; and Ru, WN, TaAIN for the netal gate of

P- FET. [0059] As di scussed above, using only a single
crystal orientation to fabricate both N-FETs and

P- FETs on a (100) surface neans only el ectrons achieve
near maxi mum nobility. In order to overcone this
limtation, manufacturers traditionally make W > W
to account for the poor hole nobility in P-FETs.

[ 0060] The preferred enbodi nent of Figures Sa and 5b
illustrate a nmethod for bal ancing P- FET optim zation

[pos¥jequ 'M&Hﬁﬁ%@eﬂodﬁ&én@s h&QGNQRASeAVinidY FRGRA HF1GS F@t@ dielectrics
conplexity in non-core regions. Consequent

compisfnl Mkt IiBEREH FENL OO Tr( NERR, 956N La OV eI, ] ’FhQOs, srhcates such as,
co Nr&

rises designing a D gate wherein W/ WV core

zrs%?ﬁn eﬁfs@{] FPGOR YD o008 GEH £ ROSAR cxyﬂtrrdal et other

I ona pr océssi ng st eps assocl at ed"wi th

altenga;ﬁg%gl}ﬁ%tonge@ Saet LdMGHishe Ral ﬁ "1*5 ay! driiraed PB&oﬁ Of fhe metal gate;

Figur€ S5a-is a plan view of a preferred

memflgfg@g is%pfeég g%s, gne?a? %’8‘)‘1‘92 l | Sg%‘%gf/‘gﬁ’rhéaﬁl ng)mﬁggatéss.such as
R R R
o [FSIURL FRAL b 080, i - 16 chamnel s (not _shown)

ina < Fection. In this case, as the
preferred enbodiment in Figure 5a illustrates, W may
[0058le afefoxédratbotimentyindludedIf(d, HISigs, HSiIQN, HeN rﬁt_r@@slaﬂlgﬁmcs,
to adjust for poor hole nobility in this enbodi nent.
poly-BhosfulpNt-silisitel noly-Bi ohgatesitntienend TeANFT ghiAdol$ for the metal gate
Figure 5b is a plan view of a preferred enbodi nent of
of N&FENpm:ddtr, &VIeRaiAdle forties metal gotptof PREHETS  and N-FETs are
fabricated on a (100) silicon substrate. In this

[oosgpgnf '@%J&&Lgsgga@gg RinWontyQ sitBRGCAUDS ofi Qhatiol S0 BBRLREN-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 5a 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,/Wy, 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 2
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
-16-



100621 The NAND gate illustrated in Figure 5b, which
may be forned in a peripheral region of the chip, has
both P-FETs and N-FETs formed on a substrate having a
single orientation. Because of significant

i nprovenent of P-PET current by hybrid orientation,
smaller wwdth of P- FET in the core region is expected
to achi eve a bal anced CMOS, V;,,-Vout characteristics.
Therefore, in preferred enbodi ments, the ratio of
W/ W in core areas is less than that in non- core

chanBdI€@St shdRB) £-88lnkd e NADDdBEien Stulthie bakk SastieirefeERembodiment
saves val uable chip real estate. [0063] Figure 6 is a

in Filrb Sa4ilstbtAOWEHaPbe pRixBhaely eguae WL iaBRAS ndt ABREdaBI (0 ddjast for
Hll%%ngle %ANDgWgatg. ?ﬁ?fudedyiﬁlthe NAND gat e are%iwoJ

poor gl‘oql% %lTo%ilﬁj’ﬂinachi_@ 1203dieRt! G%Rcont?RE Wit eritolin@R indFiglrd 36)

ayer. Figure 7 is an alternative enbodi nment

FieuROBRY 4 b Gie® ofh PRAEreDORb BBt fR BERERe d&VA& witelSn 868 P-FETs
simlarly situated. [0064] Although the present

and Ig!mp %ﬂe PbrRAE brf §E)1@g)\’§1'igoﬂg§§trﬁ§.vﬁ1 1BR @BnsHlRSAIH DR W), to
etarl, it wll be readily understood by those

accoﬁljn‘ig&'t[géjgdoph&gﬁm@ﬁﬁyﬁl@aﬁmﬁ‘sfySt al | ographic orientations
an |

ections nmay be varied while remaining within
t he scope of the present invention. For exanple,  nmany
[0068F t HEeMD Zats ilbytatedindiguened, waigh ey bg femedin a peripheral region
fabrication on SO _ hybrid substrate orientations
of thel phip.ihes bath BB Te apdhl-HEds forise med swhiskae Bavies 2 viagle priqniation.
enhanci ng nmet hods. [0065] One exenpl ary comnbination
Becausrodf gignidicer émprgvimgnd el BFE R curranplshybrd geirmgtion; smalienwigd of P-
hybrid orientation enbodi nents. For exanple, those.
FET gikihE berd rdgipntinexpasted teriehicarhalanped GMBEsY n ok ghargsteristics.
induce a tensile strain in the channel of n-channe
Thertfosm i rgefomsl dnabotiimeentsolle casiotod VoV in cpregirash is less thag thag ingrpn-
desirable to i nduce a conpressive strain in the
core atvan ridhe resiittipg DAAI gite strumhias therefore dapiesvatuablgwbip real estate.
di rection.

[0063] Figure 6 is a circuit diagram of a preferred embodiment comprising 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 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,
manty 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
-17-



100661 One problemthat manufacturers face is know ng
how to orient the transistors on SOI/épi-I|ayer hybrid
orientations. Alternative preferred enbodi nents
provide a nmethod for properly orienting the

transi stors. [00671 When the strain is applied to both
P-FETs and N-FETs with <I 10> channels, the N FET and
P- FET channel s nmight be preferably non-parallel to
avoi d stress induced degradation in either N FET or
P-PET. This is due to the different piezoresistance

inducB QLI CitRR in$hEIRBARYof - Sl trhnfsREReHn tBMhRE € @B region. Ttis
channel orientations. It is known that tensile stress

also deSirdbRNS i dub @b cdrfredhvE Rfain inkhd cHaftel B f-Eiband] R@nsistors in the same
conpressive stress is preferred. Thus, choosing proper
direcBdystal 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
[006Gh- FEPne prablem that panyfehugretics i knevging Bowg to effsitihe Garsfiors on
preferred channel orientation for brid substrates.
SOI/%M@] hyprd odenrsignnetterptivepiglered ankq%rﬁ@mwa a method for
orientations conmposed of (110)/<100> and (100)/<110>
propaslyiosiantingitemigangistos. waf er surface orientation/gate
direction). The piezoresistance coefficient on bulk

[oasﬁ typwhénltﬁgkéaim%pmwmtﬁ@ms lhSd NUHTs Wil 186> biafkls, the N-

In bulk n-type (100)/<110> orientation. These

FET B{dqci?ﬁ’? bﬁdﬁé@&?gh@ @%&fe&'b%ﬁ pRRANEYS kvdid §ﬁé@§1ﬂ§1§b@d He %((ﬁﬁon in

are used to sinul e I nversion node N-FET and P-

cither ﬂ%ﬂﬁ PR THE s & 15 [He QR o SR AR S Ee LR fidnD %mmg from

ensil e or conpreSS|ve stress. For exanple, tensi

dlffﬂ%h‘lr s%ﬁ%ca%ﬁ@ F—]E %Ieﬁt%n"s Ont 1%%‘69’%{ %awfeﬁg-g strlé‘éstl@ﬂéﬂgﬁclal for N-FET,

't can si y the process steps,

but ﬁ% EEFE'P %e%&{g%s-ﬁb@&&ss 8 pge?en%a s chemh@%@eﬁs

Ciaki
ve the strain effect on P-FET [062‘? fons in

wmcﬁoilé 19 fggﬁwé %&seﬁa& ek ong,?er%ﬂuepgah@a\ytg G518 this dilemma

west I'ng density or
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> ortentation. These piezoreisitaince 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-inscnsiti{rc to either
tensile or compressive stress. For example, tensile stress can be applied to improve N-FET
without degrading P-FET. It 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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energy. The cl eavage energy of a Si crystal al ong
different orientations is: (100) > (I 10) > (111). 1In
Figure 8, the preferred cleavage plane, i.e. the
energetically favored cl eavage pl ane, of (110)/<100>
orientation is (111), and the preferred cl eavage pl ane
of (100)/<110> is (110). Thus, in the hybrid
structure enbodi rent of Figure 8, the cl eavage pl anes
are preferably not parallel. [0070] Therefore, in
accordance with the enbodi ments descri bed above and in
mos@ gUISRliBn tedds HRIA0CaIbRY a SheSialind thell6 WS b&idRTpeRdity or bonding
O /epi-layer hybrid orientations includes providing a
enersit B9k ERER e WREHAIM & B shtiisly BfigeNasiemhidns 23St ) i 8 > (11).
region and a second region. The first region has a
0L 8t Shad j [ i a
e e o T e L
i ghogh I
(110} el L), B et g PR TNt S L. Thus
. . i ign t
o Do o e B PR s A PR ol
cl eavage pl anes. Another enbodi ment further includes
[007@r i efihereépre: freadepidanceavidh theawpdimapticdepuibed ahpve ped indimye 8,
respective preferred cl eavage pl anes are not
methpd fog pfienting Yensisiors o EPL emdbayes hvbrid onenfationg inglidesproviding a
plurality of substrates and a plurality of crystal
substoaté, evbersin thesnbalinade isat lgast b st regiongnd p yeroad regione dhe fiisbrggion

are substantially not parallel. Still other _
has adfirgodistrberientatiay, and dlegekond egiondss § sacomdicrzntad orientetipnt ereferably
enbodi ments described herein. Yet still other

differenbipetn therdirss crymipl ériantabien. Tivcimbddingnplethalindydey fletereviingte
wherein the device gate el ectrodes are non-paralle

prefenad clahapeplmeds hEthg avtsirgkeadoodemgftor sbstratds mtlarede tdch gther in
angle fromabout 5 to 85 degrees. In other

viewafeitirespertiss prefeeieé cleadge plews agaopiaméndigfenslubhermindeks
having different orientations forman intersecting

orieningthe fikst ol sEbandtsubsitate s8 Thatl thgir eespectiyOfré}red\ciebvapgplanes ere not
present invention and its advantages have been

paraltkd.S¥ etiabestler embdéitrent may includdroplimellitye! svbdieaist adad plivatty of crystal
vari ous changes, substitutions and alterations nay be

orierimides Wkdraih 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 clectrodes 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 fo 85 degrees.

[0071] Although the present invention and its advantages have been deseribed 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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wi t hout departing fromthe spirit and scope of the

i nvention as defined by the appended claims. -19 For
exanpl e, many of the features and functions di scussed
above may be inplenmented with other sem conduct or
technol ogy. Exanpl es of other technol ogi es conbi nabl e
wi th enbodi nents include additional devices such as
guard rings, scrap lines, seal rings, netal pads,

bi pol ar transistors, or diodes on substrates of
single orientation. [00721 Moreover, the scope of the’

For eEe%ﬁEl@ o ?Bp{hb ¢ahr@nl BureRénsIaRLRRIES o@@m@}%é indPl én?éﬁtet:l Qith

i cular enmbodi nents of the process, mnachine,

oﬂleﬂ@ﬁ]ﬂgﬁﬁkﬁf %g ke ?H% OB drh 8 LIt RbloglE 88abinatIBH P glﬁbodlmcnts

d steps ed in the specification. As one of

mclu?é &idﬂ%ﬁéﬁ dgjfl'cés su&l{]asééﬂ%#ﬁfngs Wb 13668 A1l ags, BRI BadsBbiBolar

rom-t I scl osur é present invéntion,
transﬁ{og’sc Godibdes off &?ﬂ%&&@i of sHBRWRRL4E, compositions of
tter, neans 5 or steps, presently existing
or later to be developed that perform substantially
[0072he Sdoreoveu Histsoone 9 theessetRpplicatinn ia petintendedite e kmited fo the
result as the correspondi ng enbodi nents descri bed
partidudar embodimyntbef the pickesadnaghivamegirnfpctute, coneposition efmatter, means,
i nvention. Accordingly, the appended clains are
methbdstapd stepk described insbiespecifinationt heone efoudiaary skill ipthe ed sdlk geadily
machi nes, manufacture, conpositions of matter, neans,
apprevistehipals thedisckbep of the PEsanHnTentiSn,qQirglehsEn niaGhings, manufacture,
sem conduct or device conprising: a plurality of
compsitions afirester, trisanssmbthodsatretephaveseglysalsaug edater pde developed,
orientations; a first plurality of FETs fornmed on
that jseofosh substestidilgwhersgma funcdasdr abhevediubdtantialt the sansd @bult as the
orientations; and
corresponding embodiments described herein may be utilized according to the present invention.

Accordingly, the appended claims are intended fo include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.

-20-



a second plurality of FETs fornmed on a substrate
having only one crystal orientation, wherein said
second plurality of FETs fornmed on a substrate having
only one crystal orientation includes a |logic
gate-conprising at |least two N-FETs, wherein an

active area ratio of a largest NNFET region to a

small est N-FET region is less than 105. 2. The
seniconductor device of claiml wherein a first one of
P% #f substrates has a first preferred

avage pl ane, a second one of the plurality of

substrates has a second preferred cl eavage pl ane, and
t he first eL rred cl eavage plane is not parallel to

lthe éesé%"& By 8?‘#‘%%“081*’88‘{}%% pl ane. 3. The

sem apnheiliEy of sublsntes,@hedubsttads mnﬁng\twd’c&idmr}tsheoﬁdntzﬁbn@ne

of th luralit str tes t he secon

o ot sl bt S forRetoh S PR Yok By R Eapn: st
csieRstiseimd 4. The sen1conductor device of claim?2
wherein the first one of the pluraljty of substrates

and PEESERYRYYIHEESS fampd o %ﬂbﬁf\ya%bavngYr AEEE SR o

o@ieﬁttaﬁdnearher@atsﬁﬂlsédoﬁd pRraliff & FEeR G RRAYEh gubsﬁlay h&8ngldnly one
claim2 further conprising at |east two_|/O devices

chytad Qptatian dsludesd egic Laie-compEsing Ftdsrette ShFE S, Whpigin an

2V £ANFULS QNI NCEE Pfegfoh 8 MikalleMN-PET rGQEHAE (34 b A6,
| east two ESD devi ces on substrates having the sane

orientation. -21 7. The sem conductor device of claim

2 Turfhenn; HPJtti)rstferge gf ctlzrn"i]lq%ﬁéraﬁ] Qlﬁrsg Giyd &?hé)]ﬂurahtty of
substrates aving a single ori ent at | on, wherel n
salbitiiatel basal firslappdfereed) deavagdepbaned: steasehoae O@h@glprabMﬁthnnfgs

f{g% a%g?@%?ﬁeﬁ%ﬁ%eag%ﬁpg%‘%?ar}d tﬁ%eﬁrslapréfgﬁéd d éa@gge pﬂarp.'l.pﬁ)clt ar

parallel to the second preferred cleavage plane.
3. The semiconductor device of claim 2 wherein the first one of the plurality of
substrates and the second one of a plurality of substrates collectively form a SOI

substrate.

4. The semiconductor device of claim 2 wherein the first one of the plurality of

substrates and the second one of a plurality of substrates are different materials.

5. The semiconductor device of claim 2 further comprising at least two 1/O devices

on substrates having the same orientation.

6. The semiconductor device of claim 2 further comprising at least two ESD devices

on substrates having the same orientation.
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or conbinations thereof. 8. The sem conductor device
of claim1l wherein the plurality of substrates further
conprises a SO substrate. 9. The semni conductor device
of claim1l wherein at |east two substrates are
different materials. 10. The sem conductor device of
claiml further conprising at least two I/ O devices
on substrates having the sane orientation. 11. The
sem conductor device of claim|l further conprising at
| east two ESD devices on substrates having the sane
orientation. 12. The sem conductor device of claim!]l
T.ur t He smimdheibxr@v'an ofdelint 2 firaér cdm‘p'risimg arnaddsitidnsltdeatceen
havi a.sin nt at i he.add
YR vPare Ltusle SR PR RRep BEEOElche] 815 e B Fomy
grbﬁr.g:;onastmgroap ghdrthéing,a ssi@pling, ianep] riag,lai hallanrahdians arsitadiode,
and r conbi nations thereof. 13. The
(géﬂ'f“g‘(’i'ﬁtbq?éﬁﬁeo evice of claim| wherein the plurality
of substrates further includes preferred cl eavage

| ane and erejn at _|east two preferred,cleava
=§| anér ¢ a@@w%‘fto ﬁlcﬁ" igf PES! 31“1114""%‘%?1‘8 thegiralis BBE{bétFat‘E:f%&}"“@é
Rhnpeikaiamedl swhrakel N the first plurality of FETs are not
paral lel to the second plurality of FETs. -22 15. The
sem conduct or device of claim 14 wherein the first
Pl ur gt tmiedndb&dSdedRE of N8m SREREH aPledtk Bld du¥stRites B Iffferent
have a rel ative orientation characterized by an
m#edlsect i ng

10.  The semiconductor device of claim 1 further comprising at least two 1/0 devices

on substrates having the same orientation.

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

on substrates having the same orientation.

12. 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 consisting of a guard ring, a scrap line, a seal ring, a bipolar transistor, and a diode,

or combinations thereof,

13.  The semiconductor device of claim 1 wherein the plurality of substrates further
includes preferred cleavage planes, and wherein at least two preferred cleavage planes are

not parallel.

14.  The semiconductor device of claim 1 wherein the first plurality of FETs are not

parallel to the second plurality of FETs.
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angl e, wherein the intersecting angle is about 5 to 85
degrees. 16. The sem conductor device of claiml
wherein the logic gate further conprises at |[|east one
P- FET, the P-FET having a second crystal orientation.
17. The sem conductor device of claim 16 wherein the
second crystal orientation is different fromthe
first crystal orientation. 18. The seni conduct or
device of claim1l wherein said first plurality of FETs
fanned on substrates having at |east two different
crystal orientations includes: a core device

I6onpThs sengcand casraleMeé-&flcldimvidngheseicthe rdNp Tty fdRET s aaditthe

a cqre P- F Vi n .core P--FET wi dt.h; .and. .
Romo Bl e T Tl B0 B e e i /i Rerccting
anple Swlieddih 0id intéroeting Mralik @bde ¥ it C& degmar i Si ng a
non-core N FET having a non-core N-FET width, and a
non-core P-FET having non-core P-FET width, wherein a

16at | Thefentien@udtorfdeVicibfidimt 10wigpdie tHH RS gard flirtRer dofpli&s St
tan a ratio of _non-core P-FET width to non-core N-FET

Iggstens P-higl, thedeFK b Apdsmtsenshergly PRt aione | ai m 18

wherein the plurality of substrates further conprises
a SO _ substrate. 20. The sem conductor device of claim
178 Ube sraticangigsen dsyigg obplaimdgarhersjipthe seoopbery dlriegation is

Stabsk HRhAfe NAVLDGalRens@ie orientation. 21. The
sem conduct or device of claim 18 further conprising at

Ieast t wo ESD devices on substrates having t he same
}(13f I eha énﬁébndﬁ&@t d%_@ice Jﬁlﬁaiﬁqrﬂd‘r‘eﬁ’é}ﬁ WGE Bfst ﬁiﬁ%ﬁ!i%f@ﬁﬁ kAL

8 further conprising an additional device on
on substrates having at least two different crystal orientations includes:

a core device comprising a core N-FET having a core N-FET width, and a core P-

FET having a core P-FET width; and

a non-core device formed on a single crystal orientation, the non-core device
comprising a non-core N-FET having a non-core N-FET width, and a non-core P-FET
having non-core P-FET width, wherein a ratio of core P-FET width to core N-FET width

is less tan a ratio of non-core P-FET width to non-core N-FET width.

19, The semiconductor device of claim 18 wherein the plurality of substrates further

comprises a SOI substrate.

20. The semiconductor device of claim 18 further comprising at least two /O devices

on substrates having the same orientation.

21.  The semiconductor device of claim 18 further comprising at least two ESD

devices on substrates having the same orientation.
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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
transi stor, and a diode, or conbinations thereof. 23.
The sem conduct or device of claim 18 wherein the
plurality of substrates further include preferred
cl eavage pl anes, wherein at |east two preferred
cl eavage planes are not parallel. 24. A nethod for
manuf acturing a. sem conductor device, the nethod
conprising: formng a plurality of substrates having
el ed“hembrrdcwuiucadn deviceof dtimdidSurtifeo compreping ahiadditional device on
gésklr]af%? é gta suggt ?rlen&Flg’%g tg{e?lnt tﬁg a&datho&la?deﬂ%e hs se%ctgci}é\olﬁl &1
gnéuprcahsmxyxg ofa ExETcSrm‘g; a@crsp st b adabrilg vibiyglan trhmlsrmsand a diode,
%sta“ %? ation, wherein the formng a second
FUPYNE DS BFPETs on a substrate having only one
crystal orientation includes forn1ng a logic gate on

t least aqne substrate. havi first crys
ri eﬁ?ﬁf‘%"&??“d't“}’i‘ér deyigr &f Cg]fal‘i”e‘réf faikhe BES’FFB'F{%‘;S%S"&FS further
1h(ﬂ|§t§étpr§ﬁ¥@edm'lé’:15a-lé§ plaBS WAERINAIR leaft &b PR feRe@ Blehivikt Plafds afk not
Iar%est N-FET region to a smallest N-FET region is

than 105. 25. The nethod of claim24 wherein at
| east one of the substrates conprises an epitaxial
| ayer forned on the bulk silicon. 26. The nethod of
%1 ai th @ethw?er e iacgHine Agsemigantycatrideyicn fhegnghad cempgising:

havi ﬁQm?ﬂ{ a Réslity oY%st?dtésfh%h%Etsel&Eéd%ﬁ al Qﬁénﬁemoﬁé i ons
further co rises determnin preferred cleavage

pl an&smgre afiet pduiplgy p&%& ca@rﬁ@lg%rﬁteé havingpt degst tyo Wifferqaf erystal
@ﬁ%ﬁ&gqﬂﬁo each other in view of their respective

preferred cl eavage planes .
forming a second plurality of FETs on a substrate having only one crystal

orientation, wherein the forming a second plurality of FETSs on a substrate having only
one crystal orientation includes forming a logic gate on at least one substrate having a
first crystal orientation, the logic gate further comprising at least two N-FETs, wherein an

active area ratio of a largest N-FET region to a smallest N-FET region is less than 10°.

25.  The method of claim 24 wherein at least one of the substrates comprises an

epitaxial layer formed on the bulk silicon.

26.  The method of claim 24 wherein forming a plurality of substrates having at least
two different 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.
27. The method of claim 26 wherein orienting the substrates relative to each other in

view of their respective preferred cleavage planes further comprises orienting at least two

preferred cleavage planes not parallel.
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27. The nethod of claim 26 wherein orienting the
substrates relative to each other in view of their
respective preferred cl eavage planes further conprises
orienting at least two preferred cleavage pl anes not
parallel. -24 28. The nethod of claim 27 wherein
orienting at |east two preferred cl eavage pl anes not
paral l el further includes orienting non-paralle

cl eavage pl anes at an angle between about 5 and 85
degrees. 29. The nethod of claim 24 further conprising
form ng an additional device on substrates having a
. nglhearcttedofitlaion? 7 wheeie onertting abldabt twoopreflerrekbsleavegd [ganes
sel ec rom r.Q consi sting of a guard rin a
S5yl B Baca B g OB e e BoBh Sl By Mot een
atiooteand 88rdegrogrsbi nat i ons t hereof. -25

29.  The method of claim 24 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.
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