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USI NG DI FFERENT CRYSTAL PLANES FOR THE OPTI M ZATI ON OF CARRI ER TRANSPORT
FI ELD OF WBE30883&NTI ON The present invention generally relPalaBBo01145
fabricating an n-channel field effect transistor (FET) and p-channel FET
on the same wafer in a nmanner that optim zes carrier transport for each
devi ce. BACKGROUND OF THE | NVENTION Carrier transport in the gernmani um
field effect transistor (Ge FET) is known to be enhanced relative to
silicon field effect transirston®. piiEr FAARICRTEN oN tizer ef ore, recogni zes

that gernani um provi desm@ SARRr v BIFfekidN cRPRIL I dingoMPared to silicon.
Addi tionally, the pri oy 51{1/1\3,,] oSPIMmRL ¥c 8phine Q%Eﬁspg pFETs on a single

wafer for CMOS circuits. at 1s mssing in the prior art, however, is an
optim zation of the structure and orientation of the corrpl enentary

devi ces, as based on characteristics of carrier mobility. SUMVARY OF THE
II\I\/EI\FI'IQNLEI'@;- RES SERENTId¥eNt or s have found that not only is carrier

nmobi lity higher in germaniumrelative to silicon but have also found that,
to maximze carrier transport benefits, it is necessary to choose the
proper crysthd PorSeBht HIVEBH AngeRATPeEY |rGﬂaa%ﬁSoh@ fpkr tdptine agarretennet ansport
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carri ermaTrMQ@SthéEeoﬂt@MPJe\éegarxAggoithgl%ﬂﬁ A CREMIRG:Lo a first aspect the
present invention provides an electronic chip conprising: a first device

having at |east one |ayer of material for which a carrier nmobility of a
first carrier type is higher in a first crystal surface than in a second
cryst alezerekR@m® omcHE ainvEMdTonh a carrier nobility of a second carrier type
is higher in said second crystal surface than in said first crystal

surf ace, salqg first device $V| ng at Ieaf gne conmponent fabricated with
said first CrYStEl TEUHPREE 1oof e AR 101 Siedt St APt of® EBRponent
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commonly combines nFETs and pFETs on a single wafer for CMOS circuits.
What is missing in the prior art, however, is an optimization of the
structure and orientation of the complementary devices, as based on

characteristics of carrier mobility.

SUMMARY OF THE INVENTION

The pregent inventors have found that not only is carrier mobility
higher in germanium relative to silicon but have also found that, to
maximize carrier transport benefits, it is necessary to choose the proper
crystal orientation and direction along which the carrier transport
occurs. This recognition becomes even more significant for CMOS where two

carrier types are involved.

Accordingly, according to a first aspect the present invention
provides an-electronic chip comprising: a first device having at least one
layer of material for which a carrier mobility of a first carrier type is
higher in a first crystal surface than in a second crystal surface and for
which a carrier mobility of a second carrier type is higher in said second
crystal surface than in said first crystal surface, said first device
having at least one component fabricated with said first crystal surface
of saild material, said at least one component involving an activity with
primarily said first carrier type, wherein said first crystal surface



Therefore, the present invention teaches that there is a preferred crystal
orientation and direction for each device of a circuit, as based on the
type of caoro3mss3ed t hat device. An exenpl ary enbodi ment i CarGBBETI45havi ng
a channel fabricated on the crystal suyrface of germanium According to a
second aspect the present invention provides a nethod of fabricating on a
wafer a first device having a carrier of a first type and a second device
having a carrier a second tég said first t&g carrier haV|ng a hi gher
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second fyrpecearri er having a higher carrier nobility in said crystal
surface than on said crystal surface, said method conprising; providing a
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Therefore the present invention additionally provides a method of
fabricating two devices on the same chip, where each device involves a
different carrier type having a crystal. surface for optimal carrier
mobility. An exemplary embodiment provides both n-channel and p-channel
FETs on germanium and using the respectively preferred crystal

orientations.

According to a third aspect the present invention provides an
electronic chip having at least one layer of material for which a carrier
mobility of a first carrier type is higher in a first crystal surface than
in a second crystal surface and for which a carrier mobility of a second
carrier type is higher in said second crystal surface than said first
crystal surface, said electronic chip comprising: a first device having at
least one component fabricated on said first crystal surface of said
material, wherein an activity of saild at least one component of said first
device involves primarily said first carrier type; and a second device
having at least one component fabricated on said second crystal surface of
said material, wherein an activity of said at least one component of said

second device involves primarily said second carrier type.



3 Figure 1 shows a cal cul ated conparison of electron nmobility in silicon
and germaniuminversion |layers as a function of electron sheet density,

wi t h and wiDtohoss36d he i ncl usi on of scattering with interfa®eT/GBAQIMESS. As
shown by plot 1, the electron nobility for a germanium inversion |ayer on
the (111) surface is significantly higher than the (100) surface of
germani um (plot 2) or the (100) surface of silicon (plot 3). The open

synbols in these three plots represent no surface roughness and the solid
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germanium on the (111) surface in the <110> direction.

Preferably, the structure and method fabricate on the same wafer a
first device having a first type of carrier in which carrier mobility is
higher in the (111) crystal orientation and a second device having a
second type of carrier in which carrier mobility is higher in the (100)
crystal orientation.

Preferably, the method and structure forms n-channel FETs and
p-channel FETs together on the same chip, using Germanium as the
underlying layer.

Preferably the method obtains the best carrier transport properties
of both nFETs and pFETs in a Ge MOSFET, or any MOSFET which has different
transport properties on the (111l) and (100) surfaces.

According to a fourth aspect aspect of the present invention,
described herein is a method and structure for an electronic chip
including a first device having a first carrier type, the first device
fabricated on a (111) crystal surface of a material having a carrier
mobility of the first carrier type higher in the (111) surface than in a
(100) surface. A preferred embodiment of this first aspect is an



WO 03/ 088360 PCT/ GB03/01145 4 n-channel FET fabricated in germaniumon the
(111) surface in the <110> direction. According to a fifth aspect of the
present iwWOeawbss3n) described herein is a nethod and stru®CErGBIBOLI148N
electronic chip including a first deviéce having a first carrier type, the
first device fabricated on a (111) <crystal surface of a material having a
carrier nobility of the first <carrier type higher in the (111) surface

than in anébgiIﬁﬂ‘E%niba<§Plngﬁggggﬁgbgg%%%gJQ&YLQ&#%E%%%?Qg%g%ﬁéler type,
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enbodi nent of the present invention; W 03/088360 PCT/GB03/01145 5 Figure
7 shows an exenplary nmethod for an exenplary second

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described, by way of example only,
with reference to a preferred embodiment thereof, as illustrated in the
accompanying drawings, in which:

Figure 1 shows a calculated comparison of electron mobility in
silicon and germanium inversion layers as a function of electron sheet
density;

Figure 2 shows a calculated drain-current versus drain-source
voltage for a Si bulk n-MOSFET on the (100) surface and a similar Ge
device on the (111) surface;

Figure 3 shows a MOSFET structure with triangular parallel wire
channel on an SOI substrate, as taught in the prior art;

Figure 4 shows a longitudinal cross sectional view of the FinFET
structure, as taught in the prior art;

Figure 5 shows an exemplary fabrication of the FinFET shown in
Figure 4;

Figure 6 shows an exemplary method for an exemplary first embodiment
of the present invention;



enbodi mrent of the present invention; Figure 8 shows a | ateral cross section
vi ew of an exenplary nFET and pFET fabricated according to the present

i nvent i onrwoandsBbgure 9 shows an exenplary nmethod to prep&Ca/GBo3AOLUS pl ane
surface for an exenplary material gersmanium DETAILED DESCRI PTION OF A
PREFERRED EMBCDI MENT OF THE | NVENTI ON Referring now to the draw ngs, and
nore particularly to Figure 1, by conparing the plot 1 with plots 2, 3,
and 6, the electro bility for the Ge_inversion layer on the (111)
surface is si QAT a%}t)ﬂwﬁ Wt GHEPIPAYFTRAT ToBF bt S WL on the (100)
sur f ace S PHEaHh Ofi ot susSSTeviwEntbewl i ng and anal yses, the inventors have
generated this figure and, thereby, determ ned that germaniumfield effect

transi stor (@eqfElTy NRgshl dRretlr LesMs drdiie, When {3@%nné)§é?@@9ﬁl nfFEd QUM T ent

transport | n the. (111)., surface in the <110> direction, and p-channel
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Figure 2 shows a cal cul ated drain-current versus drain-source voltage pl ot
20 for a 25 mirwkannelowkengiekelmilabyllletRodMBSHEEPaRe tha1{1)0@)ansnfaee (plots

21) andfarsgnng&%l@y devi e 108:4Ag:(111) surface (plots 22). The Ge device
exhibits a significantly larger current and transconductance. Therefore,

in order to maxim ze the carrier transport benefits, it is necessary to
choose not only the material but also the proper crystal orientation and
di r ect i oRTZLED PRSURIHTIONICFR Ar PREFERSIIO0 Eimayaims oF| tusd heveNtref er r ed

enbodi mrent a preferred crystal orientation and direction is chosen to
optim ze carrier transport. Since wafers are usually cut from ingots with
only one pre88H=AAMNT "OFyst &PS oFiPdmtHYi B TPTe PETGEHRARNY O TFRul PYto

f abri care™PETY Fhedbioftet enitthcplodisal, Griwwt 4t ide oledthen gwhilitwafer the
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03/ 088360 R2CT/ GBORL Q4145 ai6Tti AN AL-Bahal] $erWile.thannel MSRETS" (I EEE

Sili Contygr}?gé)e%EEchlec§n the <110> direction.

Figure 2 shows a calculated drain-current versus drain-source
voltage plot 20 for a 25 nm-channel-length Si bulk n-MOSFET on the (100)
surface (plots 21) and a similar Ge device on the (111) surface (plots
22). The Ge device exhibits a significantly larger current and

transconductance.

Therefore, in order to maximize the carrier transport benefits, it
is necessary to choose not only the material but also the proper crystal
orientation and direction along which carrier transport occurs. In the
preferred embodiment a preferred crystal orientation and direction is
chosen to optimize carrier transport. Since wafers are usually cut from
ingots with only one predominant crystal orientation, it is generally
difficult to fabricate FETs on different crystal orientation on the same
wafer. Therefore, the preferred embodiment uses a method of fabricating
both n-channel and p-channel Ge FETs on the same wafer using different FET
structures with crystal planes and directions to optimize respective
carrier moblility.

FET configurations using silicon (Si) as the gate channel with a
(111) structure are already known. Figure 3 shows one example, as

discussed by Saito, et. al., in "Suppression of Short Channel Effect in



Wor kshop, pp. 6-7, Kyoto, Japan, June 10-11, 2001) having a MOSFET
structure 30 with triangular parallel wire channel 31 and fabricated on a
buried oxwoe3(83) 32 on silicon. The triangul ar parall el PairrGBoghansel 31
i s achi eved by anisotropic etching usinag tetramethyl anmoni um hydroxi de
(TMAH). The resultant Si (111) plane is then covered by gate structure 32
havi ng an oxide Iayer and gate el ectrode. The sane silicon layer for the
wre ch%pnel source 33 and _drai 4 formation. Al so known
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scaling to 10 nmgate length. The ultra-thin Si fin 45 serves to suppress
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i con,
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reacti vgchDRget S Riongn QacthengbRl y SiGe layer to result in the source 56 and
drain 57. The nitride spacers 58 are forned in step E by deposition of a

100 nm |l ayer of nitride and followed by etching. The gap between spacers
i s typical |l yThesdtrpairino®l dar 4RO°O37°9 883 6OPIEEECHDBr0aUTel effects.

The two separations between the nitride spacers 47 define the channel
length. The raised source 41 and drain 42, formed with poly-SiGe, reduce

parasitic resistance.

Figure 5 shows one possible fabrication sequence of this
silicon-based FinFET. In step A, an Si layer 51 with thickness of 50 nm
is deposited on top of BOX layer 50 of an SOI wafer, followed by a SiO,
layer 52 having a thickness of 100 nm. The silicon layer 51 is etched in
step B to form the oxide-covered fin structure, using E~beam lithography
to etch the SiQ, layer 52 to form a hard mask for etching the silicon to
result in the fin structure. In step C a 300 nm thick layer of Low
Temperature Oxide (LTO) is deposited on a 200 nm layer of p* poly SiGe
layer, and these two layers 54 and 55 are etched in step D, first by
etching the LTO layer to become a mask for reactive ion etching of the
poly SiGe layer to result in the source 56 and drain 57. The nitride
spacers 58 are formed in step E by deposition of a 100 nm layer of nitride
and followed by etching. The gap between spacers ig typically less than

20 nm.



7 To formthe gate structure 59 of step F, a 15 nmlayer of sacrificial
oxide is growmn and wet etched to renove the damage caused in an earlier
dry-et chiwg oofs#3be si de surfaces of the fin. This step fuPCh@Bo3nedsces the
fin thickness so that the final thickness of the fins ranges from 15 nmto
30 nm A 2.5 nm gate oxide is growmn on the side surfaces of the fin at
750C, which "high tenperature step conbined with an additional anneal i ng
st ep, drlvesTb0£on f he Si source/ drain ions into the fin
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pl ane amddarcbpdi mal carrier nobility for a p-channel FET carrier in the

(100) crystal plane. The optimal direction of carrier travel occurs in the
<110> direct lBon for th car.rier t pes Accor.di %F%?-Fto dermonstrate the

first exempl ary e kr’rﬁ%dt ment™ o rtaﬁft SR EHS ﬂ?f%’ 108 - ERAEFSFET wil |
be desi ghedigt %ﬁPF?&fz‘é‘«dCWﬁtal gﬁéuaﬁarﬁwhq a5 (AEP tikerzrreied tipr of spatidiest in
a FET ococmromenn dfhe ddhvdnaeind cénbeniddinchiangtiadtaSos ob phichBbrioar 44er
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r emai ni ﬁg %I%Egg%%b%%mﬁgﬁ chfag uc rggsenécoﬁé"ceerl%énr&i Wdlt’tgckhe eﬁ?kﬁealg?cgé‘lséﬂ?f orwar d
but depéﬁ‘aﬂaﬂﬁ@fﬁ ast F\Jée gpeei falcanFERT aphehidlec beirwesefiac ediceThumoniies.
specific device conponents that are prepared before step 63 and the

speci fic devige flggggg{gﬁﬁasrytg@l gﬁe%t%@ rlgg%e genrﬁt%tgpsom depend. wpon t he

device _archifecture, w elr"wre
ar chi t eE1IVE °shAnSiR Bt gar @a*?rb?l tgl?ém?—filﬁlfﬂE‘IGes?hb‘é\/rﬁqeﬁtﬁlgér%s 2. Since
opt i mal "eEriperhavingen ortiged damride mailBsydioreet i mivhatded FET carrier

in the (111) crystal plane and an optimal carrier mobility for a p-channel
FET carrier in the (100) crystal plane. The optimal direction of carrier

travel occurs in the <110> direction for both carrier types.

Accordingly, to demonstrate the first exemplary embodiment of the
present invention, an n-channel FET will be designed as optimized for
germanium. Since the activity of interest in a FET occurs in the channel,
the nFET channel has an optimal carrier mobility in the (111) plane.
Therefore in steps 63 and 64 the channel and gate of a Ge nFET are
prepared on the (111) surface. The fabrication of remaining nFET
components, such as source and drain, are straightforward but depend upon
the specific nFET architecture selected. Thus, the specific device
components that are prepared before step 63 and the specific device
components that are prepared after step 64 depend upon the device
architecture, with possible examples being the parallel wire architecture
shown in Figure 3 or the FinFET shown in Figure 4.

Since optimal carrier travel occurs in the <110> direction, the
channel orientation and the source and drain location are established

accordingly, as is easily accomplished by one of ordinary skill. It is



channel orientation and the source and drain |ocation are established
accordingly, as is easily acconplished by one of ordinary skill. It is WD
03/ 088360WwB@30eBOB/ 01145 8 al so noted that one of ordi naPgTglBoBlo1i4a t he
art will readily recognize that stepss63 and 64 nay be separated in
sequence so that one or nore device conponents are fabricated in between
these two steps. It should al so be obvious to one of skill in the art that
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enbodi ng a FET devices. can various known basic
ar chi tec%drdelglgﬁtr%gge’ etroatih h"%lsﬁhse Q[FE‘ snéianﬁgabms}l%mg PERIPPECE §Fe as

di fferi AR® GRFGFIT LB ChaFher s&reép%ﬂr at PHite bee BT tshenneedk cowvtévad d have
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i nsul ating | ayer such as silicon dioxide on a silicon wafer, or

It should be obvious that the preparation of the first and second

regions can be done in any order and that some steps of the preparation
may be shared. Additionally, similar to remarks for the above first
exemplary embodiment, the nFET and pFET devices can have any of wvarious
known basic architectures. The two devices might use the same basic
architecture as differing only in the channel preparation, or the two
device could have different basic architectures. As noted above, the
germanium could be a layer having a minimum thickness sufficient to
achieve the pyramidal crystal structure of the channel for the nFET (111)
plane surface. Alternatively{ fthe germanium could be a wafer substrate, a
germanium layer added to a silicon wafer, or a germanium layer added on
top of an insulating layer such as silicon dioxide on a silicon wafer, or
any other method of providing germanium as a layer or region on a wafer.
Also as noted above, the fabrication of sgpecific components for steps 72A,
72B, 74A, 74B, 75A, and 75B will vary depending upon the device
architecture and, as above, the channel and remaining device components

would be oriented to accommodate the <110> carrier preferred direction for
both carriers.



any ot her nethod of providing germaniumas a |ayer or region on a wafer.
Al so as noted above, the fabrication of specific conponents for steps 72A,
72B, 74A,W04B088860°A, and 75B will vary dependi ng upon the @€TiGB»3/01145
architecture and, as above, the channel? and remai ni ng devi ce conmponents
woul d be oriented to accommodate the <110> carrier preferred direction for
both carriers. WD 03/088360 PCT/ GB03/01145 9 Figure 8 shows an exerrpl ary
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HF: H2Q2: H20 |Fq e b7 ( ang, omachi ni ng
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The for if&r *i% r%jd ﬁﬁaﬁﬂ I%?S@h%rhsuﬁ?‘f?&re Cfﬁ%ktheTH%E? é@ﬁ@ﬁﬂ% shown to
t he ri ghiegdin taﬁérfmrEEFt@ Soavta kall~edtedyéon pr @paraddeven tahotdresm nanner such
as a Cesti@urpl snessthd ace)f pramd, pEEEotrétSicNGedh 58 A¥dgethaKeld i1¢akhoRt chant

met hod, u@g?‘nérég%lai}lﬁ_ %.l’lrg. r-cll'ELc Fh%ﬁlgg g Fﬁ%e foz C SO&S[ J.r\qu E%T ar chi tecture

coul d b% 1?2% $ ructures,” as fofng as the
channel rée it lPo tlﬁesﬁﬂféﬁf FaélgB%t%dLW of hetlpr | SHLE HFEPTRB LAY t he
channel °§t<F€HefPHr%2 fPortings” pFENMicrobagedMorroehe. , pbandr swr fiaess, asoehown in
t he crogteskehbonsobrdicgié® 8sinthe @iehens edrsempbedi nent of the invention
pl aces both channel structures so that carrier notion occurs in the <110>

direction for_both.the nFET and %
The region 95 shown to the rlght of the nFET is available to be

prepared in another manner such as a Ge (100) plane surface for a pFET,

using a standard vertical etchant method, as shown in the right side of
Figure 8.

Any known FET architecture could be used to complete the nFET and
PFET structures, as long as the channel structure for the nFET is basged on
the prism structure and the channel structure for the PFET is based on the
planar surface, as shown in the cross section of Figure 8. The preferred
embodiment of the invention places both channel structures so that carrier
motion occurs in the <110> direction for both the nFET and pFET.

As is apparent from the above description, a primary benefit of the
bresent invention is that the best carrier transport properties are
obtained for both nFET and pFET devices in a Ge MOSFET or any MOSFET which

has different transport properties on the (111) and (100) surfaces.



As is apparent fromthe above description, a primary benefit of the

present invention is that the best carrier transport properties are

obt ai ned Wworo3losg3ko NnFET and pFET devices in a Ge MOSFET or pemGBMSEET whi ch
has different transport properties on the (111) and (100) surfaces. WO
03/088360 PCT/ GB03/01145 10 CLAIM5S 1. An electronic chip conprising: a
first device having at |east one layer of material for which a carrier
mobi ity of a first carrier type js_higher in a first crystal surface than
in a second crystal surface and {SF®hich a carrier nobili ty of a second
carrier type is higher in said second crystal surface than in said first
crystal isurf aseelsairenid EBip dempieihavi ng at | east one conponent
fabricated with said first crystal surface of said material, said at |east

one conponent_invol vin activity with primarily said._ first carrier
type, wherei i SaF fiFYg'I a@?“???a"l‘t %ﬁ??%@&eclc?ﬁﬁ?ﬁ%feg‘a’éer(lﬂlﬁor @38t al surface

and sai ¢eseEsnckYNSY adf sufifratecaruhpr itwes & p1OGK duref dtest cRysthhe
el ect r opiuera&d pnaf igl aisecdnd wiaw@ilnsﬁaedadefa'rrdstoﬂwme aC@W:LieSQﬁ)blﬁﬂty

n-c¢ hann%lf g F—s-gcglllzél eéagr)l::érf @\%e IE atﬁ%'h@at: OJFn) SQM f‘%@(‘) 3{At%§‘5§ur(fgge CCQHHO

conprises. a élragne salg n-c g ectronic chip o cI aim
2, wher & sAFE c?i‘gﬁﬁ%ll o) %11 ds‘“ﬁi hré;ﬁn@T’VllgEThaéﬁlf‘%r‘?é: £8%Sf €990> directi on.
4. The ereeeshi Brhehtyredf widlhabm® fivkiecovstad swrface nfeseid saterian. channel
FET conprises a@eddthbld cohpdizhur Bivodvinbhen el®etinivetic Bi-pnfilamnaipr ecedi ng

claim ffHEé@Q:rarfPé]Ep'{:&ﬁé nghereansgaanglg%vaa%taﬁvgu@@a@é ckﬁ&ﬁtsegrge (hgyer of

said materi Vi ce npaonent fabri cated
W SarvERRORT Py Sar o FRAUE. OIVACAR FTEPES CATPS GBF ¢ dL0) EASE Foe

conmponent of said second device involving an activity with primarily said
second carri ghe dlperoifc diie® ef eqki®ni,Cwhdddinofaial fivBcSdevwer &nrprsedsd

second @ﬁVﬁ-Cc%aﬁQéﬁpﬁ?‘E@e@ue?d @f@@@m«@&nﬁé&rﬁ and Q18! ACHEON CrehippGiekl ai m
6, wherein a structnure of said first device and said

second d&WWCE corrprfl%nees} 3f ?—'I’—_“I' 2“? ?t ﬂ‘?% 8. The el ectronic chip of
claim5, wherein said first device conprises an n-channel FET (Field
Ef f ect BransiTstoslecanshisatidpsetandimeyi ekexanpidiseshaanpt cdtanarl FET and

sai d at nl—gﬁa%ﬂleg%fgi%ggem acgmgicﬁgéct%on.

4. The electronic chip of claim 2, wherein a structure of said
n-channel FET comprises a FinFET structure.

5. The electronic chip of any preceding claim, further comprising:

a second device having at least one layer of said material, said
second device having at least one component fabricated with said second
crystal surface of said material, said at least one component of said
second device involving an activity with primarily said second carrier

type.

6. The electronic chip of claim 5, wherein said second device comprises
a p-channel FET.

7. The electronic chip of claim 6, wherein a structure of at least one

of said first device and said second device comprises a FinFET structure.

8. The electronic chip of claim 5, wherein said first device comprises
an n-channel FET (Field Effect Transistor) and said second device
comprises a p-channel FET and said at least one component comprises a
channel of said FETs.



channel of said FETs. W) 03/088360 PCT/ GB03/01145 11 9. The electronic
chip of claim8, wherein said channel of at |east one of said n-channel
FET and swod3fsssh@nnel FET aligns to a <110> direction. PQT/GHva/0el46Cct ronic
chip of any preceding claim wherein samid nmaterial conprises germani um

11. A nmethod of fabricating on a wafer a first device having a carrier of
a first type and a second device having a carrier of a second type, said

first type carrier havi.ng a hi ri er_nobi 1) cryst al
surface)éf han%ﬁi1 gﬁ?ﬁlcc?%t 8? gl&FTagz’eWhgﬁﬁlB %ae"go%}bar’tnﬁge ?;'L % t tHaving a
hi gher ®&r $3iy nnﬁmnnﬁ% YEFrensapeiq poghareey st abignfake at ﬁh]rp>oﬁlr®éi@lﬂ( 111)

crystal surface, said nethod conprising; providing a |ayer of materi al

havi ng @LOChar'Iﬁ@t&réc§I‘$rﬁct Haty B GRET bRlceal@Pichbiny, wﬁex%%dsatldrﬁétewgﬁ carrier
is hi gher (1 stal surface than in a (100) crystal surface and a

in

char act é1" %Jfllsc?st%eér ’élu arrier nobility of said second type carrier is

hi gher in said (100) crystal surface than in said (111) crystal surface;
et chi ngia.fi mshettegi oh febrizamittnd ayes witeh a £(1dil Heetahaatidgos atrribeast one

conponent 9frisat dfbrsla geé@c%ﬁd dm@c@th%bmgq aacé_@c@.@iq%fr Q%%n@ftﬁ)@' d layer
usi ng an eéc?ant to provid east one

e
conponenfof S8l T Y8R lerdé1\7v%rég 1%1 %Fﬁe tlﬁ%&ﬂog {%yaﬁnaliﬂ%er ein said
mat er i alcTEdIr Feescgeritantum (1003, co¥rdapetiidacof seldiserad tipercernigai d
first dewviey echjyhesesraber mobhangein EId ( FHioe) dkdebtfCisudfaRstistropy and sai d

second deykc@igp L8O s@rReChanaehedrEd @é}@m’?@mg at |east one conponent
conpri ses a channel of said FETs. 14. The method of claim 11, further

conprising: aligning a carrier direction to be in a <110> direction for at
| east one ofPrS&idngta Ile¥dt cdnerteshpbiéiiinor shargctsristiddPpee sat swi d at
| east oneilieppenentd dirsaitgps ecatrtleri@ei B8gher in a (111) crystal surface

than in a (100) crystal surface and a characteristic that a carrier
mobility of said second type carrier is higher in said (100) crystal
surface than in said (111) crystal surface;

etching a first region of said layer with a (111) etchant for at

least one component of said first device; and

etching a second region of said layer using an etchant to provide
saild (100) crystal surface for at least one component of said second

device.
12. The method of claim 11, wherein said material comprises germanium.
13. The method of claim 11, wherein said first device comprises an

n-channel FET (Field Effect Transistor) and said second device comprises a

p-channel FET and said at least one component compriges a channel of said
FETs.

14, The method of claim 11, further comprising:
aligning a carrier direction to be in a <110>direction for at least

one of said at least one component of said first device and said at least

one component of sald second device.



