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. *T66166* ﬁ‘loEbDfﬂEFECT TRANSI STCR AND METHOD OF FABRI TENG THE SAME FI ELD
OF THE | NVENTI ON The present invention generally rela Tyt 35 an

n-channel field effect transistor (FET) _and p- channel FET on the sane

wafer in a manner that optimizes carriet transport for ﬁﬂmlmwm 'H’mwm,

~ BACKGROUND OF THE I NVENTION Carrier transport in. the ger

. effect transistor (Ce FET) is. known to be enhanced rel ative=tdssilicon
field effect trangimporerecH lreanspriaw Arxaf ideradoh6F @hBRRarLRCAGNIZRS t hat

ermani um provi des a superior electron nobility conpared to silicon.
- Addi ti onal by ot BE Bk Qhmdizhe COMMONIY combines nFETs and pFETs on a single

wafer for CMOS circujits.. at is mssing. in the prior art, however, is

"~ an optimzation of the structure and orientation of the conplenentary

" devices, as basBtf prFseghdnuttéri geiasldf redstreseto ey ilcht dhg aht%gg
prior art ieddusest cirystiatoronFmnt &l prendhtdy FESRECLLe Eé}ne G E[FI gr ility.

" For exarrplnenhsrttlﬂet wphgﬁzaé leardiRzt N8ALLL €4 NEL Ydgs US
Ni ssan Mdtor Co., Ltd. V\:hl ch discloses formng a P° channel IVDSFET_and N

- ¢hannel N%Eg] rientated sem conductor is such a manner that.
the channél on t eablg( ‘)'WRESFET is perpendicular to the chatnel of the
N channel I\/DSFET US 2001/ 0026006- to-Forbes et. A
- - Di acl oses, . . a. Serxicrurmngpaty; inatky akrsot fracesid efsdif aeaslg/ybt;h(@ gqu,O) C
" ystal pl ade lsush o bhainareal acheieato GUITRAtiQfi g ,efibl@traﬁntsw@ér‘ér eﬁ{e s ).
cOnduct_ed pridm abhe teddQoia E'éJoE‘-ﬂzleQr‘ch%c é&méuu} Jr%u%cf s Eugélrg% ; ; :
o T eleétl?:gn m\égf‘lftgscompgree%egé % 1 OX *Adgi%:.o%}ef.lg the L?ri,or rﬂf"g{:l OSES the

Nat i'onal - paut. iﬂgmes ee a§ dm i 3

o “h gh 5 spF '°8 ajé@?ﬁectiﬁ*‘cﬁfefﬁrm%ﬁsﬂt%tie t=

Whl ch inc eés mésngEKﬁhe r%@?’h@“ AogRiprets e cphimiretioandt apWNMOS: with, a’
rel ativel ?/t%‘ﬁﬁl"fe ang [pARtEELion ehdhd couS. che2R5y 087 9cel, St @8es: anV- MOs fi el d

effect. treaTsFstOstids oh chscipronbiledywi t h enhanced source. capacitance to

provi de -a -single transistor dynamc menory. cell. US 4,233,617 discloses a

- Tiled. effect #y:ansi shoprobe Lhe a¥adoBls typsah No Mk Gl s LS. £D3008L. M g1 on
carrler mchllty For example in“the prior art. in the flled 1nc1udes US '
-5, 317, 175 to Nissan Motor Co., Ltd , which dlSClOSES formlng ap chennpl
i HOSPET and N channel MOSFET in a (0113 orientated semiconductor in such a
.manner that ‘the channel on the P ‘channel MOSPET is perpendicular to the'
channel of the N channel MOSFET US 2001/0026006 to Forbes et. Al
Dlscloses a structure wzth lateral surfaces tc surfaces wzth a’ (110)

- crystal plane such_that an el trlcal current cf such stru't

whlch lncle_es""MOS having an asymmetrlc channel and a VMOS wmth a-
_relatlvely short_channel length US 4.225, 9879 dlscloses a V—MDS flnld
. effect tran51stor which is: provided with enhanced Source .capacitance to
Jprcvide a SJngln transistcr dynamlc memory cell Us 4,233,617 discloses a

fllEd effect transistor of the V~MOST type in which the channel region

ccmprlses e mcre hlghly doped part ‘which ad301n9 the source zone and a

lcwer doped part whlch surrounds the region, the channel adjeipning the
_surface and surrounded by an lneulatlon dlffuszon What 1e missing in ‘the
. priox- art however, is an optlmlzatzon of the structure and orlentatlon of
fthe complementary dev1ces, as based on characteristlcs of carrier

moblllty
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conprlses a nore hlghly doped part mhlch ad10|ns t he source ZOPQEEPQMB

| ower .doped part which surrounds the region, the channel adj oi ning the
surface -and surrounded by an insulationaiffusion. Wiat is mssing in 'the
prior art, however,' is an optimzation of the structure and orientation of
t he conplenentar deV|ces as based on characteristics of carrier nmobility.
NRRRRRRAR: |SWMMXBN| |11~ *G00002* AME~t ~bED~~SHEE' EnPf .zei t:12/07/2004
16147 "= The pA8 Rn0QRoR ARFEAR0R ik SUVMARY cdtie: REESRD nibRYERE O S
- have found .that not only is carrier ty in germaniumrelative -
. to silicon gsunatiamereddtivs toositieon hat ha\t@oalﬁe@tmdz aeaprmemrrtlzfan@por transport

" benefits, | Qqr

direction aHenef?ts\/\h?l(f\s e%"el{ % tgac(rhplg%rthe F)pog)epg S?t%f oﬁen)(ﬁ o"fi a.lnﬁ dlr%gttécgéalﬁﬁ% %gch
becones eveahe matier sagypiofti @ants. fTiis mltlmelﬂ:@nﬁm\eamoreslgtnyfpest mrejMOS

i nvol ved. Aecordlngito a first ‘i@%ft of the disclosure, there is provided' o

an el ect r oY T RYQCAHELVRES 254Ny
- carrier noblllty of a .first carrier %é@ el her.in first crystal.
~surface than in dSSRERg R fagtappest Pt dedlisg ureo %isaroade &1 FleelronIGERP i ty

one Iayer of naterial for which a

of a seconchat:ar rdt Bast Mxl?c?la'yér Bfaaehar for $@ich $e&eRAnohIR] BF aeygtfaﬁeertttrﬁalss ai d
first crystal- sur ace, said. electronic chip conprising: first device

" surface. Therefore the present , dISC osure t

.- having at- Iheghsr inrelitsbppysiabserficgthin it e deeond saystal surfaet and ﬁzrt\allnch supafagre of
.said - naterl i t fe s@i d
oS Mook L SaBn Rk 41 (5 Lo SR 00 SAIBNED o
crystal suuiﬁmﬂsnﬁmuisaGEkknmmcaMphmnauwegehlng that is selective to
provi de said flrst tal surface,as a rface

O mat a3 AR e BNEAESE 13 Bl ahbp S | S A% Saie PR By

. crystal sutlfta@eeopéalema@errmt\emrain, aREiR Rl DfaRdat el bie Bdmpatiedt 8f sdi@@sét one.

conponent of ‘sai.d second device_ involves primarily said second. carrier

type said SE¥SAdNYlyEsRImarly Faidireemierype, said lisherysabsisige ssseliamdramar is © -

~selective tfﬁstpertar{hgﬁrﬁf’s é%lé%ﬁ@@'&ﬂ r(orv}'d%ts%fd ! (f,rggtgl ﬁl?fa@e £ Q"filnal dieQ/YdeCs%rface

aches that there-.- 1Is
.preferredaodystal orientation and direction for. each deV|ce of as’

ccircuit, as basgd ddi%ce BN Ale&PD HC}% HEY b Said s ‘ﬁ%f% # ry.
enbodlnent is an nﬁé%mhav?ﬁb aﬂghan%eﬁ é ﬁ%?@%?e o%ctﬁ% cr?st © g&zgce
“of ger rramsurrface of said- materral wherein an activity of sa1d at least one. component of sa1d second_
devrce 1nvolves pnmanly sa1d second carrler type sa1d second crystal surface resultant
from a second etchmg that is selectlve to. prowde sa1d second crystal surface as a. ﬁnal

- devrce surface

_ Therefore ~the present drsclosure teaches that there 1s a preferred crystal
:fonentatlon and dlrectlon for each dev1ce of a 01rcu1t as based 6n the type of camer of that
o "":dev1ce An exemplary embodrment is an nFET having a channel ‘fabricated on the crystal

-'.'surface of germamum

Accordmg to .a second aspect of the present drsclosure there is prov1ded an
l'electronlc ch1p comprising:

o - a first device havmg at least one layer of material for whrch a carrier mob111ty of
:a first carrier type is higher in a first crystal surface than in a second cry stal surface and
for \xhrch a. camer mobility of a second carrier type is higher in said second: crystal

-.____,_surface than in said first crystal surface said first device havmg at least one component

.': '-'--fabncated \\1th sa1d ﬁrst crystal surface of sa1d material, said at least one component

. mvol\ 1112 an act1v1ty thh prrmanly said first- camer type wherem sa1d first crystal

o surface comprlses a (111) crystal surface and said second crystal surface comprises a

[RALIBQ]03104.doc:PIM',




According .to -a second aspect of the present disclosure, there zgﬁﬂaoz\WBded
an el.ectronic chip conprising: a first device having at | east one | ayer of
material for which a carrier nmobility of-3a: first carrier type i's higher

inafirst crystal surface than. in a second crystal surface and for which

a earner il f a second carrier t her in said second cr stal

e e’ opldoh dusfihe PorrC RO &R EhEl tsiRBed ol R sdeDud o S Ot

- least one GegR @ﬂﬁ‘é’l% refudfd fohesl sWobthveSatid tfdt faghieGdsy sl A burFabef ACL fighl @@h&

material, said at least one conponent involving an activity with.

pri marlly sarfgcd.irst carrier type, wherein .said first crystal surface

. -conprises a (111) crystal surface and said second crystal surface conprises

- a [R', LI BQ @3l Thtrefors henrasent SEPREOE addslo(natbm)r@udefsaa:eledm @%rfa@rlfzatrr@t

~crystal surface and s econd t Iface I ly..re Itant
.froma sel etc‘told\ieélcgf cﬂ%fi“?'na%n ah e‘\g/’fééslrgs?g?hdgé{l(te?l glc%l@asa gﬁfé& le? t?é) g Hav

- surface. Thessftar surfhee for esanil a:lmsalrﬂshmer adﬂlet(emplafy ymbasd)medeproardeebhmd of
_ fabrlcatlng_étwo devi ces on%‘lﬁe up V41 e’g i nvol Jes a1
~di fferent darhanael adqschanpe Sao%g‘i}i&}taét} LR ik | reuﬁﬁl Y Pielerradgrysta

nobi lity. ApieawgiBRs.ary enbodi ment provides both n-channel and p-channel

- FETs on germani um and using the respectively preferred crystal

orientations. ACC&Jc‘éHlH% tPa @hr}ci"'hsr Qct%ﬁﬁﬁ@bre@éntfdﬂ%loﬁﬁr%sﬁr@lée Q'p?&h@e’%% etidaer e
is provided a nethod fa rlcatlng on a wafer. first device having a

carrier of cef fahirrasting ppe veafar a fiss dovide Hewing e carﬁlavpﬁg figst &perandra sgfordl dveasnd

type, saidf Unt ARE & ‘%aar{efcingb@é"sq sf‘{bng&m%faﬂe{n H@%Hﬁteﬂrﬂoblﬂt}&rﬂ)

crystal sur an on a ace, sai e. carrier
havi ng a hi @he} crqzatrat swfacethard ot ¢ (il 00)saydal(sho@ge, cridsdeadndstypé aamet- hamngra

3V aybrof MR VRGBT FLPRLe BRI el B Bl SRR GRS

first type rﬁahédecsmprsmhggié%tepsnfa (111) crystal surface than in a (.100)

.- -crystal surface and a, characterlstlc that a carrier nobility of'said

second type car r iBEpVifngy layaofimpterial aa‘(laaefharefft%rtathatarqaa&r rwbawym saidj d

(111) crystel ¢ %r?é tacRr 1seﬁ1ghérrt9 A1y SlystaPeirfRe t}Qdfll in asflbd) LQYET sWeB a8d a

(111-) etchant at-.-least one conponent of said first device to forma
final surf&béfat:@mtsfaﬂt#t faj qastiergapbitiey ofpid seetiidniypa caisr dhbighegiroprid (1@ d
| ayer usin ) crystal surface for at |east
one comongnﬁ&lgﬁgg‘%ghg%@os%fgégf I’Z%psug‘%g?m a final surface for-:said o
second device. . FEtdung.a Ilrsthm‘gmnatOf:alan:lulaa'eedVlttorapélrhlscr:mctraht dbreat: rlcast one -

mbility. | ngrtpoaenrtso?tsalarfgsttc% gngc?fum 'P?sz%ﬁr:gé’c% tJoraQ/ ({flrs?ﬁevallcg lejqutl On of

o el ectron sﬁg

. etchmg a. second region of sard layer usmg an etchant to provrde -said (100)
__,crystal surface for at least one- component of said second device to form a final surface for

_"sard second devrce

Flgure 1 shows a calculated companson of electron mob111ty m s111con ‘and
"germanlum inversion layers as a function of electron sheet densrty, w1th and wrthout the' .
mclusmn of scattenng with interface roughness As shown by plot I, thé “electron
' moblhty for a germamum mversmn layer on the (111) surface is significantly hlgher than
-ﬂ the (100) surface of germanium (plot 2) or the (100) surface of silicon (plot 3). The open

symbols in these three plots represent no surface roughness and the solid symbols

. represent corresponding plots 4,.5, 6, with surface roughness.

Speciﬁcally' in gennanium the n-channel FET carrier transport is higher in the
(111) cr ystal surface in the. <110> drrect1on and the p- channel FET current transport is

N lngher in the (IOO) crvstal surface in the <110> direction. The inventors have realized

[RALIBQ03104.doc:PIM




inclusion of scattering with interface roughness. As shown by pl o‘z ]%E tj@ﬁ\q
-electron nobility for a germaniuminversion |ayer on the (111) 8 g S
significantly higher than the (100) surfé&ce of gernmanium (plot 2) or the
(100) surface of silicon (plot 3)' The open syrrbol s in these three plots
represent: n rface roughness t he . sotld S

:
correspondi'f IspReCHnNg s gui IP?t ca,na%r 3nspy © o%@&(e%r “ﬁlaf}“el EETs

ger mani um talﬂe wcmﬁamrfﬁTg&a@ﬁmar by CREUSREY for |e§chl'|dl€9h&l’a Hevitdh&ructukd bhsed
crystal surface.. in the. <11.0> direction and the (p?]channel FET current

transport iof thepgmel dirsetionand poeyting §ps davics iy hace 1 d¥ef&i0110> directi on.
The inventors have realized [R ".LIBQ03104.doc:PJr,1 2 9 SEP 2006 -4
that by respecti myeferably, gh¢ seudtuie andemethed |f@m0@teaaﬂspohtnn@hﬁEEemcg@mlmunt or

n- channel FETRe &lalrl%lﬂ'fa garpmael %Isdl}ep?&pr mani um by choosi ng for each device

a device stPuc ased on t e crys
in the <110> dir Preferably. jthe strycture apd netho K
‘n-channel FET i n%p tl?l”?gllfd SO 'tlrﬁ dn(jlrff‘[t)hmtj futtrg@lee On “he 1 e Blrsét ‘lce
-Pr ef er abl y,hating stfirstctype e fangri¢reinhatiichaduriieatm@biity t1h®1§ﬁﬁ&n wad €r11a drysrtslt
-device havin i [

first t f rrier in |ch arrJer it her
in the (1115“3%53%?&?3 2 SpSaR i Patg oce gogrTeT thllt?b c,naﬂmfl By pe
of carrier jipi rﬁhh&?'@b) 8fystaPSiddtitvon. | S i gher in the (100) crystal
orientation. Preferab t he met hod and structure forns n-channel FETs and

p-channel FETs. togeffe) ddmbiSdSRAIBuARUR okl AEhERITTETYMhAS-{HA8nel FETs
underlying |l ayer. .Preferably, .the method obtains the best carrier transport

properti es tegethagton thegEme clmdlsptgﬁsrmanuun apthyosielyinglayemy MOSFET whi ch has
different transport properties on the (111) and (100) surfaces. BRI EF :
DESCRI PTI ON' OF THEcfoRAY, N@Sndthed pbagrsiihe besv earticntmansgpbit propartize oflbsbmREAS, by

ey of exampleranl ¥y o5l MOERLE BNGE. iRl Gheiriad anodl RRbd heregle: 2

illustrat ed acconpanyi ng
cal cul at ed onahperlii  ad @fOO)al;LefatcE:@n nmobi I ity in silicon and ger mani _um _
inversion layers as a. function of electron sheet density; Figure 2. shows

a cal cul at 8 IC vol tage..for a Si - bulk
n- MOSFET OW%@Wg&&bﬁ@ﬁﬂ%fﬁwfgﬁ Ge device on the (111) -
‘surface;  Fi gur &€hd. ;&b@ws na/ewﬁEIFEaillsntdwcieerCm%ddh byrwamgﬂleaﬁnlpar@tly elvithi r e
channel on SO su tau or art ure 4 shows a
- longi tudi naFeEenge %arefwﬁaqmlm Bt «trﬁ%fl ﬁ%ll m}éta?f@mpagymgéit@wpgr ’n

- the- pr| Or-- &h {vhich:

Figure l shows a calculated companson of electron mobrlrty in s1lrcon and

"germamum 1nversron layers as-a functron of electron sheet den51ty,

_ ' Flgure 2. shows a calculated dram current versus dram source voltage for a Si
" bulk n- MOSFET on the (100) surface and a similar Ge device on'the (11 1) surface

: F1gure 3 shows a MOSFET structure w1th trlangular parallel wire channel on an

" SOl substrate, as taught in the prior art

_Flgure 4 shows a longitudinal cross sectional view of the FinFET structure, as

_taught n the;prior art;
F igure 5 shoWs an exemplary fabrication of the FinFET shown in Figure 4;

Frgure 6 shous an exemplary method for an exemplary first embodiment of the

present mventlon .

[RALMQJ03104.doc:PIM
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Figure 5 shows, an exenplary. fabrication of the Fi nFET shown in 7-GEP €008;
Figure 6 shows an exenplary nmethod for an exenplary first enmbodi ment of the
pr esent [ R\LFBQ 031 04. doc: P. 1M 21 SEP 2006, 8360

PCT/ GBOB/“@L%% Figure 7 shows an gxenplary nethod forwgﬁ&gﬁ(g‘r%rpl ary
‘second - enbodi nent of the present invention; Figure 8 shows a lateral cross
section view of an exenplary nFET and pFET fabricated according to the
present jnvention; and Figure 9 shows an _exenplary nethod to prepare a
(111) pl ane Bgrfeadeshoigranasrear byl watodrite pi sdxegadremasieornd DETAI LED

DESCRI Pdrhiohlinaht A rPREFERRER: ENBERLEMENT OF THE. | NVENTI ON Referring now to the
drawi ngs, and nore particularly to Figure 1, by corrparing the plot 1 with
- plots 2, 3, Anc d 6 thhe el ctro m)blllt?{. for th? i nversion | ayer on the
(111) surfade®Ps &ignri |canttelry I §He P Thah Yt faft oo ‘erB‘P{aﬁer *€f B G on the
7 (100) SRFHTaERricPhEd FGROTIIED tOUT edR AsERE Fm‘(féFlCr’?g andand anal yses, the

i nventors have generated this figure and, thereby, determ ned that gernmani m
_ }‘:iE_e_I d effectribh@nsi SR a@(?@ceﬁnga)ryh@%m g(h pfrgégr@_eglt(lﬁlr)i y%f\é\k@gfgcf@e _n-channgr
' cur surface in the <110> direction, an
.- p- chan%j(@aeflnEln E‘%&%Efp%%\n?&tsrrlggg%%%ng% in the (100) surface in the <110>
~.direction. Figure 2 shows a cal cul ated drain-current versus drain-source
voltage plot 20 for a 25 nmchannel -l ength Si bul k n- MOSFET on t he (100)

sur f ac epErprmEpSPERtRTFrnON @FSA IPREFERRED E@sOWIGENT OF e TiveEltYonsur f ace (pl ots
" 22). The Ge device. exhibits a signifi cantly | arger current and trans

: conductance Ther'ef ore order to max the:carrier_transport
"~ benefits/ i tR' ferlrén%élcoz‘esté)athe %aw&ﬂ%SOS@dn’B?reo%a\r l‘f“ﬁérly Fare?i 8 bl also the

- proper %‘l“‘?%’flé? thérifleﬁt]af"’ﬂ?}h plefisd2! 3djanéct i bhe 811%5?‘?@0%%1}11%@1 éhe transport
occur s.Gd mmtehelonplaa/feercrredheermoldl seffhce as priedigicadle mygial tlonientat i on. and

“directig@mneitger @io&e@et&l oR (M BEsGRREd . N THr b @RS PRIt ousShAB Be \ﬂ@d@ﬁﬁg are:

eren stal-Orientation. -

ener
on t%e dga‘rerlémz?/\‘?a 7¢ gl’ﬁ?f"e‘f"blfeg ﬁfefec'brté‘?’?r"?‘é’d Eitb Bl nitit Ptlles a met hod of

- usuallyc_mum_:l oM bn tanry stal  orientation, it
| GUlohf Q) 008 w%hhagfe Jn@ARRNRAOTL ARl ﬂg .
U fabri caUFRYt HOA “f‘i’ecI‘Fé’ﬁrfe‘IChafﬁﬁlpﬁF@hCalﬁﬁ‘elt BeenFEFS onit frdes@i® waf er using

" di ff er evrfdETin thé <110> direction, and p-channel FET current transport is in’

the (100) surface in 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 s1m11ar Ge dev1ce on the {111) surface (plots

22). The Ge dev1ce exhlblts a 51gn1f1cantly larger current and

} transconductance .

Therefore, Ain order to. max1mlze the carrler transport beneflts, it
' _;1s necessary to choose not only the materlal but also the proper crystal
:orlentatlon and dlrectlon along whlch carrler transport occurs " In the
lpreferred embodlment a preferred crystal orlentatlon and’ dlrectlon is
'_chosen to. Optllee carrler transport Slnce wafers are usuallv cut from
llngots w1th only éne predomlnant crystal orlentatlon, it is generally
. dlfflcult ‘to fabricate FETs on dlfferent crystal. orlentatlon on the same
wafer Therefore, the” Dreferred embodlment uses a method of fabrlcatlng
DOth n- channel and p- channel Ge FETs on the same wafer u51ng dlfferent FET
structures w1th crystal olanes and” dlrectlons to optimize respectlve
"carrler moblllty ’ ,
_ FET conrlguratlons u51ng srllcon (Si)'as the gate channel with a
(lll) structure are already known Flgure 3. shows oné example, as-

'.-: dlscussed by Salto, et. al., in “Suppress1on of Short Channel Effect in




- | engt h. ITHSERANE 7°a- EYAChT S D‘F‘Pﬁeﬂ@e%téﬂ?e@

structur es W|th crystal pI anes and di rectl ons to optim ze I‘eSpeCtIZ\/g':‘SEP 2008
carrier nmobility.' FET configurations using silicon (Si) as the gate

channel 1n) -'structure are aI ready. knovvn Fi ows one
exanpl e, \%6&/0& smé:ussed by Saito, et , in "Suppr ess?gn o%méﬁort ‘Channel
Effect in .2 9 SEP 2006 WO 03/ 088366 PCT/ GB03/01145 6 Triangul ar Parallel
Wre Channel MOSFETs" (I EEE Silicon Nanoel ectronics Wrkshop, pp. 6-7,

- Kyoto, Japan, June 10-11, 2001) having a MOSFET structure 30 with

_tri angulraienpdeal laghlmlr ¢irehcirmedl BASFEDsTd (FEHBr $idated Narpedectbariced oxi de

- (BOX) 3R008hay, | 5:£.08-7, Theoth! | RRGY| ainepas-ak| eoow hevichannesrsdl s achi eved
by -ani sgzgugmr% %%D{ qr&agnﬂart 1 La0mt hyl agﬁmanéluqt a*;mdfa%éicq‘é%dz(oll\é%') The

resultag % gx t hen covere g tructure ving an
- oxide.l Véfde? 4 egé? e%@f‘r%‘c}éCO“TheT%a%a ’éc?ﬁr"’fla%r"’lf%r‘:h?rﬁ‘é Mire

" channel if gchileyed pseahifotropburetehiss whel delianegylforrati-odratide known in
the art.heH) suppr essiloantokit hiel) shoftet ichaanebvetd egt jatel scracwirkizon- based,

-sel f-al hgned douhlie-Gate NPRRES Stedichdlr et alr 8066, 185%:FiFEL Figure 4

.. shows a |an nal_.¢r ct| Qnal FET. 40 descri bed by
" "’Huang, et Q-iakh‘& e qu%d %3ylgwatr% EEEfoma er national Electron
Devi ces Meeting (| EDM pp. 67 70, 1999). The source 41 and drain 42 are
fabricated udeadgnpet ynﬂf@eaﬁnfvmpumeeﬁiburqfewe oxtiode (nB@X) ¢fdper’ 43 (on
si | i conisaf & idéh-basud, ode1t ol 16fedaasibl é-@ane MommeTds ruener edefaatcsi | i con

oxide |ay %Enﬁ@ M £ [ 1.8 SpAcer ]?oné]tu@ﬂgalg@fo%s4s%ctﬁﬁg§tvrlgxgto@dth%f Si Ge
conpl et e, ngf I§|Cp structure as

ructure that a channel
“short a&™7 i aer'ﬁgglmsbeEi P2t e piror™ ses gossug” %4151“ SRR ng 0 16%% un gate
P - sepppfESs: SRt -Bannel effects.

. The t wosgeparatingnéraiet e ere tfhlalmtteﬁmhensmaﬁswdznd@fplmatﬂmele:‘hannel

'_ I engt h. o:kike: I’B@k)S@deScOM Cendshi1ang #iral mad2andf & wBY owi £ R pRbY -£Sh{Rs educe
‘par asi t!;c&e%%ﬁb%t cof'ogk'ée 1§ye§h9é’\’5 bﬂrtgideogﬁ?a% bl %gfﬁitar%(\t{éltd&ion sequence of

this thi ckness - of"

50 nm c°“§t]a’§f)%%| ? e%GSncof“BbetSftrﬁ(ﬁénfaqy«i?r%uﬁ‘? ¥}a"’ht 35 ° it &1° f ol | owed by a
Si 2 | gyperels ot AT iRga A ShhT i RAES s And GOMHATIon, Miveigsy pesgitleayer - 51

i set chesrallitg tstl@prBotee fergrht he oxi de-covered fin structure, .using E-beam

lithography to etch the S O2 52 to forma hard nmask for etchl ng the
silicon to The ultra-thin Sl fln 45 serves to suppress short- channel effects o
The two separatlons between the nltrlde spacers 47 deflne the channel
length. The . ralsed source 41 and draln 42 formed w1th poly—SlGe, reduce'

paraSLtlc re51stance

. Flgure 5 shows one p0351b1e fabrlcatlon sequence of thls,i_.;ﬁl~ .
slllcon-based FlnFET In step A an Sl 1ayer 51 w1th thlckness of 50 nm
-7?15 dep081ted on top of BOX layer 50 of an SOI wafer, followed by a SlOz:
layer 52 hav1ng ahthlckness of 100 nm The 51llcon layer Sl 1s etched 1n-f
"-step B to formzthe:ox1de covered fln structure, u51ng “E beam llthography
‘to etch the SlOz layer 52 to form a hard mask for etchlng the silicon to
.7resu1 1n the fln structure In step c a 300 nm thick layer of Low -
"_Temperature Ox1de (LTO) 1is depOslted on a 200 nm layer of p' poly SiGe
'?layer, and these two Jlayers 54 and ‘55 are etched in’ step D, first by
etcnlng the LTO layer to become a mask for reactlve ion etching of the
polv SlGe layer to: result in the source 56 and drain 37 The nitride
o spacers 58 are formed in step E by deposition of a 100 nm layer of nitride
and-folloWéd by.etcﬁing. The gap between spacers is'typically less than

20 nm.




L of i n-sltu- do ed S Ge 00%

result inthe fin structure. In step Ca 300 nmthick |ayer of LoW: . .
Tenperature Oxide (LTO is deposited on a 200 nmlayer of p° pold9 SERGA06

.1 ayer, .y two-| ayers 54-and 55 are etched in s st -by

et chi ng tr_BeijQ?‘%%fayer to become a mask for reactive |o£r)1§§?g?nmaigf%of the

poly 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 rimlayer of nitride
‘and faollowed by etching. The gap between spacers is typically less than 20
nm 2 9 S E P 2006 tha\0203/5088360: PCHIGBOB/ D124 #m Ifgef of m t he gate

struct usecr58ihl sixepe Bs @olb anmdedyeiched toSaabtd ikEé abni @Qsés igr own and

‘wet et ca@céametem\z@tcm@g @@nagesfa@%e@aae@ o@@hg%kl e&hgr YeeBl Elifg. of the
n: thlckness SO

- side surfaces This ste educes
" that thée i nal 9? hgll(r:lktrf‘el(s:gneosf %Oh%ha%l ﬁlse ?hnr? e%hlcg?e&sn‘if t}hem%frﬁ 599 A 2.5 nm
_ ‘gate owa 3 "gr 'GWA® - t He?2s] @i 9abe foaéds lefgrowrh@nftihﬁ gide 78@IaCes i ch " hi gh
+ 't enper athe éIn st efpotonbitied “Wigth tamperaddit isomalcoarinealving ast ep, drives boron
- fromt heddSt@xanaarseQnsewteel dr8idd ndregi@bs thatfckhaibidssndersreat h the

" nitride,snacer 2L 01T Rl oBONEGEL L 101X 0 RS, Opfesg?ugc%%s't'“g 200 nm

as the
gate maEeraIcRs t h8T & 8?3”86@“?320[9&"’[ 8f négsitua ‘?ﬂ!’e@t%‘ﬁ‘édwﬁfet dRFhG t hese

- prior atctrké%ﬁmfezi?fef]smeﬁ%n&sﬂt it pors neferiebhhiqeésctrode whiretteansheci fic
~_crystal apl ansesuch as (111) is prepared for a specific. conponent of a

" devi ce and conbi ning an appropriate one of such prior art techniques with

 the concl usigns, Bl AU 88 B Fur LU SCURLAL . B Sf elLed gaboct ment s of |

t he :present T nventi on ned ermani um as € materi al

and FET“I:W%Jrﬁl?e? sgpé‘élfsﬁe%‘iyf%l B]é\?Fc%lCanr?péHéhths Preﬂﬁéedf tPse eeehpicary
‘enbodi PRV 8 edevi fre an@tdeing@y surmPRFImzéat hyndio§rueh Bridmast ep 61, a

e mater i atécgSTBRIWIAY (16e)cdnslisdent b iFRguRS B andBl, etidkxdigyigy an opt'i mal

car ri er p b okt b @Al @fch@megerﬁEIneﬁuane&lﬂ Mod Qgpl(alééd)u pystal” plane
and an optimal-carrier nopbili for a p-channel .. carrier. in‘the (100)

ey yst al IPrEHe" alshéh%ﬁ‘f”f‘?féf‘l d‘i“‘? 5@?|“6’ﬁﬂ’beflsc%15r FPtEiq ASVAEP GERUEES n the <110>

-.-direction for both carrier types. 'Accordingly, to denonstrate the first

~ exenplary ‘enbediimentexefplthe enpraesertt conpy edtsi €, méthod @ohsammer}lecE'Byvm Il be
_ desi gneﬂgaﬁe @pt iR Z@g glora material germanium (Ge) is 1dent1f1ed as a :
' material hav1ng an optlmal carrler moblllty for an n- channel FET carrier
in the (111) crystal plane and an optlmal carrler mobility for a p- channel
FET. carrier in the (100) crystal plane The optimal- dlrectlon of carrler

travel occurs 1n the- <110> dlrectlon for both carrier types

N Accordlngly, to demonstrate the flrst exemplary embodlment”

present 1nventlon, an ‘n- channel FET w1ll be de51gned as. optlmlzed for ; :
germanlum Slnce the act1v1ty of 1nterest 1n a FET occurs - 1n the channel )
_ the" nFET channel has an optlmal carrier moblllty 1n the (111) plane
'~:Therefore 1n steps 63 and 64 the channel and gate of a Ge nFET are
fprepared -on-. the (lll)_surface The fabrication of remalnlng 'AFET
) 'components such as. source and drain, are straightfofwar& but depend upon
‘7_ the spe01f1c NFET archltecture selected. Thus, the specific device
:components that are preoared before step 63 and the speci ific device
. components that are prepared. after step 64 depend upon the device
'architeoture, with possible examples being the parallel wire architecture
shown in clgure 3 or the FinFET shown in Figure 4. ‘

_ : Slnce optlmal carrier travel-occurs in the <110> direction, the
’ channel orlentatlon and the gource and draln locatlon are establlshed

".accordlnglx,'as 1s easily accompllshed by one of ordlnary skill. It is




germanium Since : the activity of interest in a FET occurs in t% %Eﬁ*%‘
the nFET channel has an optimal carrier nobility in the (111) pl %

Ther ef or gy ts/@EkRPS 63 and 64 the channel and gate of aP@@/G@Eﬁl{lgre
prepared on the (111) surface. The fgbrication of remaining nFET

conponents, such as. source and drain, are straightforward but depend upon
the specific nFET architecture sel ect ed Thus, the specific device
conmponents that are. prepared before step 63 and t he speci fic device
conponeft¥ PR Hiaé fﬂeeﬁgroéd”aé? t56# L s R p-he ArdepdAdraagbly réveoeiee ce

ar chi t echalr etensi §h apd$3i blvebexapphes beiswgudde pacat! ele vi merar chitecture
shown i BeficgUdPpehedts the dabRfcEdes oWl dbnFididb e d. srabfCerORLL®RI carrier

Lravel geguns o ke, <103 djiscti o Hheshanel grler platign and the
source anqd raln ocatlon ar e .est a () accor 8 y, as |'S eaS|Iy

acconpl {Shéd" by BRETHToFdr ARy S Ri 194 (A9 Eo agsﬂeew ¥B6e. °r W D3/ 088360
PCT/ GB03¢# Gli%‘-fsaddaﬁsf@ totieefat bt 1oiee ®fchordishbircpn Skiidd onrropted art wil |
readi | ysilécogniagze, thaby sttepsméSoand HébviBihgbgersepamaiLd iaffeseguence so

‘that ongefbn NGy € wa@IexVI ce«heqm@fmemﬁcﬁﬁ&sf apr ' ﬁ%@gﬁdﬁm@gg \g#r%f;ﬂit hgtes tehteWO

 steps. s e | OUS
- ger mani E%tn%?&lg e]n§ o ail?b ebe e Dd’f)al?l 5Staiostﬁrd“b'§e a?r%l Hfeft288%ed to a
si li contWafRy "EFT dbkﬂ dplad‘é %PIF%F)?er added to an isolation layer such as

' silicon oxide on top of a silicon wafer, or - -any other nethod of providing
- ger mani um asa act@ylesxedplark QGbedinenk @fV@feeﬁresIrhﬁ 1meﬂt{8ﬁn1$ hhekhess of  a

ger mni wrbavet, woul be <f hat, suliyelant.d o AChLeve e, pyram dal crystal -

structure of the channel

exenpl afy - e?rbod‘las SRt V6t Catrﬁ’eerpF”@&nlts F;f’%féﬁi‘ie{;nm} §hg ﬁ%‘“errélf”t?odo 290t%hown i n
Fi gure TS M &B68IaTebrecd W8 Hispeeriantcageiarcepractattstibayi figsa

. r espect hanel getiieexdnppe, comsrifabrh cated adniishesseane efd pi:s@ as to  optimi ze
each desirceirast based on croﬂﬁ.lﬂﬁgltohvx@itﬁad’ bEBF abhalast ﬁéin%t é;&ﬁanlmlass

- nonllnghtellgagcegﬁrrpéeelc ri.ses..an nk di s usedlnthef rst.
enbodi nent 3 - ergﬁl iﬁ‘atgléegnﬁw mceﬁ%ﬁ andsha G5 n USPh ld;;%er mani um as

. the mat'ér F%I §1 fplelde P SPepi L Ch§}nﬁ(1:elst ﬂ%tlﬁ?E?sHWah%I opti mal
usi ng tHé"¢ 1fi§ps 7%{“ne7"efnd73t3he“dpP-“‘EBTCe*P¥&ﬁﬂ‘ela PeergpttipmIusing agithe (100)

pl ane, ey ¥SA2 F4Ar rE3Bnand gFABnEens ikeome phepermbhda@n Usichghta (111)

et chantto preparé iar $100) egia68 i6fa gesdm@N 4T @ b@ROFEmbNGNNFE T IRNGFaN et chant

to prepare a (100) plane in a second regl on of the ger mani umfor t he pFET.
It should be obvious that the preparatlon of the flrst and second

. reglons can be done in any order and that some steps of the preparation’

' may be shared. Aadditionally, similar to remarks for the above first
exemplary embodiment, the nFET and pFET devices can have any of various
known ba51c archltectures The two devices might use the same basic .
archltecture as dlfferlng only in the channel preparation, or the two

_ dev1ce ‘could have different basic archltectures As noted above, the
ger@anlum could be a layer having a minimum thlckness sufficient to
achieVe.thegpyramidal crystal structure of the channel for the nFET (111)

: plane surface. Alternatively, the germanium could be a wafer substrate, a
germanium layer added to a silicon wafer, or a germanium layer added on
top of ar insulating layer such as silicon dlox1de on a silicon wafer, or
any «other method of providing germanlum as a layer or region on a wafer.
Also as noted above the fabrication of specific components for steps 72A,
72B, 74A, 74B, 75A, and 75B will vary depending upon the device
arehitecture and, as above, the channel and remaining device components

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




" exenpl affP

-1t should be obvious that the preparation of the first and second. regi ons
can be done in any order and that some steps of the preparation #8ySEB006
shar ed. Ily, simlar to remarks for the above enpl ary

- enbodi msﬁgél 3E/dgg‘laﬁFET and pFET devices can have any of Péia/rbligﬁos}%knom

basi c-architectures. The two devices mght use the same basic architecture
as differing only in the channel preparation, or the two device could have
di fferent basic architectures. As noted above the gernmanium could be a
layer havi ngT3WEnT RS A CRPROIETIS GFISSCeationsd vierhitevs anheFBBy#lani dal

‘cryst al csarngdtandep®HT $hehahahnrel nduoted e anFimk ¢Hib133 aph aaprisdtdaee.

~ Alternati v@inyn thbgeqgekimniyer ©oul g be s wal %EudSHQﬁ{sr A Eno@ snGR,MaNI um

~ layer addedt0id: 84 hhean. [msnr 10 0o @001 TRA1 A YEL added on,, Top of an

i nsul atlggt g er such as silicon droxide or any ot her
" method of “provid@ry g AERPURAS 28 tegpesd Gf‘“‘reég‘?eéh“doﬁhjaﬁ feger 8 Al so as
- noted al§6RRe, stdréotdbricasy én fopnispécith i Cheoripomenss ik orovstapsy B2A,  72B,
74A, . 74Bate/5Agulang: B6Buvh lak asatyondepsndi nga Waes o1 be rdeyisge archl tect ure

~ and, ?séa;fmemmef emf@aehlm%al%emamﬂ&tggae 68 Q&Stpgﬁtﬁvﬂt% tx\é);i b h

~.oriente < carrier preferred direction for bo

.- carriers. %ﬂ%ﬁg&@gg@u@v&g 83%)@8@ £ 11957 G ECETPE*E shows an
R‘B%I’st SFctisattovyicawdd o t%ﬁ"l LhFETe gl asipefiingne BYFET 82

" channel cersifpiing ddheorFEE Slankrnohl pn8Zoasid of alyok Ak adbEOB2.a comon buri ed

oxi de | ayer (BOX) 84. Sources and drains are not shown, but the device
- “layouts shows;d.pe i GAHEStH3 @qg%zgrg 1 §U§rﬁﬂ XES xfgtagélg a;_;egt he source

- and draj e | pcate ure Cross °seécti onal
Vi ew or ?n\ﬁotgon%a of 1 % ATg ﬁ‘n%]r 1§5 "lcgte(,dof}‘éerre%‘eo{}“é" ckpppel i nsul at or 86

“such asr%qlPP@(?ﬁr‘tﬂrC)i‘iedéO &Rd <@é\‘i>edelreéé%‘?nodeq‘%ﬁfchleﬁabhmarw@n of the gate

i nsul at e¥rughtreet e of rode (lak e pheld, knewnrobic tdieh abtaf gédrashauldabes, 0bvi ous

t hat t hissinhi guenel k1 psh rates &mlseeondp@mam @b¥sone{Pedi Aet descri bed

- above agr \Webl.u2@Sat he1fideSt.L nbadi nent onsidering the nFET
. .81 chanpel, |%§2fkolnat| on 6f6réar$1 E(Eﬁgm %&Tbaglﬁ |£1r§|’e %’Xgﬁno\?vrso g mg’i i) crystal

“ prepar a?l on P Y HEIHEET f’”gmﬁ 8- oficEn9ce YPhy &r @2, 4x4Rartdifiask 91 is
" | ocat ed"BvEF PR SnPEEF CEIRANNEL"S PegireR Epprdprisste to the.<110> direction.
To achieve this prism structure 94 of the (111) plane, anisotropic etch 93

of ger mani umhesredore 95 diSin|go EXGMRIGAE idryrrdnffl i Gvehe St e
: (H3P04 ﬁ%@re@zhﬁg{bdh@r ]ma.\]me]r gfch as a Ge (100) plane surface for a pPFET,

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 based on
the prism structure and the channel structure for the DFET" 1s based on- the

'planar surface, ‘as shown in the cross sectlon of Flgure 8 The preferred
embodlment of the 1nventlon olaces both channel structures 50 that carrier -

motlon occurs in: the <110> dlrectlon for both the nFET and pFET.

As;rs apparent from the'above description, a primary benefit of the
preseént 1nventlon is that the best carrler transport properties are
: obtawned for both nFET and PFET oev1ces in a Ge MOSFET or any MOSFET which

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



HF: H202 H20 in 17:17: 66 (as taught by Lang et al ., "Bulk nicroqag@tp @g
of Ge .for IR gratings", J. Mcromech. Mcroeng., Vol. 6, pp. 46 é ).
The former is preferred, usi ng a chroni uddhard mask. The regi on 95 shown to
the right of the nFET is. available to be prepared in another nmanner such
as a Ge (1Q§)6£Hane surface for a pFET, wusing a standard vertical etchant
_.met hod, 1 Mn the right side of Figure 8. Any known FET architecture
could be used to conplete the nFET and pFET structures~as long as the
channel "structure for the nFET is based on the prlsnlstructure and the

" channel strlct ur éAtt @llectrhewp@mr hayingpats kedstopne fever of anaterialsior faieh 2a@rdown

"= .in a secon

~in the cros oﬁﬁ?%@?ﬁlr Ol afrl IR 8- h@ﬂms%&r%ggal SRR IERNA aosfecdddecrystal

i nvention place channel stru ures so carrier noti1 on occturs in
the <110> diurfacd amhfdrovhitiot Ittartrh:e nrcﬂélﬂ‘ityaxﬁd spEcEiﬂ cabger typapplagkertin fsaidraeednal
‘above descri tllon c{ﬂ” mar, i. o ]gtesent invention is that the
~ best carri ecrr {tg éH%fB%er an, sy dirgtic taa\rs'ér ac(?bfaéﬁiﬁ &Y SHBIRTREETEand pFET
" devices in a Ge MOBRETdRiccamyiNOaF Bastohe tompagerdi fabgecaed ohr@msrﬁ@srttcrystal
properties on the (111) and (100) surfaces. 29SEP20G -10 W cl cfl
© el'ectroni c SHH@ape ﬁ%@%lﬁgmé?“qle‘é@%re%@ pefldly ffsaifhtideasione cpmpoRgt @ SQ gPh i, er
-mobi [ty Odde‘%lcfe'lﬁ§ lvé:sapr{l? tstd?'I:cﬁcem‘lgrhféﬁ e Ridifsk E%ta@@yﬁac%lre@l}'tﬁntaﬁ@rlltd"an ,

crysta sur ‘a carrier. nobil a second

carrier typlasiechinghiet id wl@auvd te pooidt said fisst atysel piréase as raafnla d?‘dcef surce;

"l east one ¢

cr ystal sur

crystal surface, said electronic chip conprising: a first device having at
acg‘ﬁ'ponent fabricated on said first crystal surface of said
~material, whereimn @lomtl¢wid yavirig steleabt @he beaponann&bcmmponemmd(ﬁec@mh atystak st

.' deV|ce|nvoI ril aid first carri said first

“ surface r esﬁh‘Fftea‘éengfsfafncEWE 13? ivherein AR AFthg af‘?‘di %R"saé f s G ntpq&dg’?idgcoé‘ﬁ d:
. first cryst@higUnf@ees pamarify mdi s%nuqanwrt&p@eald s@aﬂqdac@e@pndfade\te@eam o
+having at .1east. one cogﬁonent fabricated on, said .second; ystal surface

of .sai d -matfeemay secapbpshing that laoSteleml‘ffyt%Proysdeoﬁa&% sqcand e Sé%f%ﬁ?o%eﬁwﬁnelr

said secon(rjq eS8 nvol ves primarily said second carrier type.said second .

crystal ace,resultant -froma second etching that is selective to
provi de said second crystal surface" as a final device surface. 2. The
,electronic,chip ai C ta3 YL EBGE S 'sdes a -

c%ace a—ﬁ{ §Ia| S%S%m&f:?‘h I “glueH‘ Ea%gldcg%%%ﬁlges af?&o%g isure ace.
3. The. el enystairmcfaodqaml sefd scebmdmrzzstakm:efaee cnrapmsd:s aﬁt@})watfa@orrprl ses. '

I 'ger mani um

3. The.,electronicchip of claim 2, wherein said material corriprises_.'ge'rm'anium. 3

- 4.:_' The electronlc ch1p of c1a1m 2 wherem sald ﬁrst dev1ce comprlses an - channel '
L FET (Fleld Effect Tran51stor) and sald second dev1ce compnses a p channel FET and said

at least one component comprlses a channel of sald FETs

. 5 ' The electronlc chip . of clalm 4, wherein said channel of at.least one of said n-

‘ .channel FET and sald p channel FET ahgns to a direction.

6. . The electromc clnp of claim 4, wherein at least one of said first device and said

' second dev1ce comprlses a FinFET structure.

" 77. - The electionic chip of claiin 4, wheréin said material comprises germanium.
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‘4. The electronic chip of . claim2, :wherein. said first device. &oggé;?ﬁg
an n-channel FET (Field Effect: Transistor), and; said second de 0

. conprises a p-channel FET-and said at Féast one conponent conprises a
channel of said FETs. 5. The electroni-c chip of claim4, wherein said
channel of "‘at |east one of said n- ! channel.- FET and said p-channel FET

.-,allgns to adirechh BCUEIC ¢hiR CQMPEFINGhi c. chip of claim4, wherein at |east

- surface and sal

one of said first Q%Vd@ﬁc@lﬁ'ﬁr@ét(lea&6ﬁé)l&§erd@ﬂ/ﬁ1§t%n§loﬂopﬁ>\lh$&§a Garfibnhbdility of
structure. 7.. - The el ectronic chip.of ¢laim4, wherein said materi al

conpri ses gefirsmkuier typeRs tltghsqroeﬁm caxstal pnfpce tbarsepa soeed crysfalgurfage and
el ectronic n t t e
arert o £ oD uhiER TRk Ao el f B oI5 EENP A0S hennt sonsl gl |
a first crysifate dmnfracserdtﬂilancnystaasm&rcernird:ﬁysstdahcs tlmaf/mgeat deadt ofcocomyuineht a

 Sorface ¢ nahbpiepf FRERR G s Eler MG CarlePl rsald oSGl SREGMR R

- least one. CIRUPRNRNAn abadaty Gatheprimatily Sal dirki Eaticf tysd, alhareinf aee fiRd &iudl
material, said at” | east one conponent involving an activity with primrily

. said first wuies epmpyEs, a Whid) erystalajudfass pad seidysacand ceutqiaﬁééfa%ﬁwpws aa
- (111) cry Stc’ibofﬁl laegsn@n% R gry%f%‘? gln@ac% %S4l séwnﬁ%?ﬁtal%gffﬁ’dé a?@?es?ectl(v
. Irst crystal "surface and said second crystal face "are
" respect i vel igsultags fibmanseldctiveretah et edti¢vwes saitlshrfadeaas aoftdl doese sufagesur f ace as
“a final device surface. 9. The electronic chip of claim8, wherein said
mat eri al conprises germanium 10. The electronic chip of claim9, wherein
sai d first gevi ceTlpugptioakschiplofclsinaginehereinsHA midtegdldofdptieet gehmhaimaimst or )

- -and said-at |east one conponent conprises a channel of said n-channel FET.

11. The electronic chip of claim10, wherein said channel of said n- channel'

" FET alignsjgo a ﬁilelélect@nrce&ﬁ}l 8Nelak? 9 Uﬂereﬂl 864 fiefidevePicBmpfisd Al At Hnel
wherein a structure. of said n-channel conprises a Fi NFET"struct ure.

13. The el RT Onle E;ffﬁcpTrﬁmsetoa) %dsaldajﬂraﬁb@necmmqnemr@mwseee ehppngleafisaid
having at, |gaste @0e | ayer of said material, said second device having at:
| east one conponent, fabricated with said second crystal surface.of said

material, said at |east one conponent of said second device involving an

activity wth prigari,l ai g sed r r.t 4 el ect ronj ip
of clalmlS1t1 mhef@?nlgérd&:Cﬁgdgcggglq@ cggeF1§§8Ch%nml Egﬁﬁgﬁ%béﬁgiﬁﬁgh
The eIectroﬂums&hiplnﬁ>®hﬁnoml4 wherein a structure of at |east one of
said first _ - R

12. The electronic ch1p of claim 10 wherem a structure, of sald n- channel FET |

'compnses a FmFET structure

' 13 - The electromc ch1p of cla1m 8 further comprlsmg o
a second devrce havmg at least one layer of sa1d matenal sald second dev1ce
SRR havmg at least one component fabncated wrth said second crystal surface of sard matenal
| '-'s‘a1d at least one component of said second device involving an activity with prnnarrly

“said second carrier type.

14.. The electronic chip of claim 13, wherein said second device comprises a p-

“channel FET.
o 15. - ‘The electronic chip of_cldlnl_ 14, wherein a structure of at least one of said first

device and said second device comprises a FInFET structure.
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devi ce and said second devi ce conprises a FinFET structure. 29 Sep 2006
[ R\ LI.BQ 03104.doc: PIJM 2 9 SEP 2006 -12 16. The electronic chip of claim
13, wherein said material conprises germdhium 17. A nethod of fabricating
on a wafer a first device havi ng a carrier of a first type and a second
devi ce having a rier of sai-d first e .carrier .having a
hi gher carrit%r Qﬁ]qqlec}t/ropﬁ ‘p(‘i 3‘“1:%?&?612é?‘fié%aéertan&ﬁ%@ﬂs%? gepEiu Crystal
surface, said second type carrier having a higher carrier nobility in said
-(100) crystal surface than-on said-(111) crystal surface, said nethod
“conprising the stépwtiid ofplabusatinggnas wafeer figpt dryicerhayingha oarrigr af a first type
characteristi f f ,

zhld 31%_ ahq %eglt%g hasnrn rg)péxh'e#]}ﬁf Q! seéoaﬂdd%[&) L4 fh%’tpt?pg%gujtﬂe?ha\ in

i+ higher. in.a( Pface surface an
* “characteri slngltertdaateranclahry BT ar(nbb])l ¢rtyytalo£ur%xdh&eonrwl(lt(),ﬂp)@ryszearlrsuéaca Sald

“ high d (100 t.al f th rf
rdning A MR BgkuE R o MRl e o Ry 3 gl B S e e 36

" one. conpon@nf (191) &k dukfasd, sﬁaw&ﬁod@ﬁmm@%lsm@bosurface for said first

LI—-;ﬂmat hod .of -c

deyvi ce; ‘and etchl ng :a a second region of said |ayer :using an etchant to
- provi de said. (Jmoyldm@ra;lgyemofgntﬁfr&éha%gaabarp@tasttl%thét cempeHamiliprofsaidy

_second devi St wifgﬁﬁl% ﬁ?ﬁ'&l’ in léﬁfﬁggtgf surfa%la ‘#ha?l%fw O@?W}@ﬁi s%cehh@ a

ere teria conpri ses ger mani um . h_e
et hod of mharammstxc tth@rcemmerstbllhty pEsaideviwe bpapaitgeds dgher ohamdéﬂo@f)ET

o (Field Effeéct Jrans or) devi ce conprises a p-chahnel, FET
~and said atcryﬁt%la?g acet arc(%l ad(eﬁ? Crostalcsuéggea channel of said FETs. .20. The

met hod of claim ]e?chniglrat fiest regivpr bSisaid tayer stlepa 0f1.1) adtelgpmt- rigr -aa lealt foner

- direction td be in 0> direct on for at of, sai d- ~.least.
" one conponecﬁfane‘stét?&a‘%]ﬁF%‘tdebI‘@ p |S‘drf%&e T[l]% Ghdedemss ent of said

g ,Second deV' ‘ce.- edhing L}ISBQJ{QBI'C%% QD@alﬁ)JlM/er using an etchant to prov1de sald (100)
‘ | cr-ystal surface for at least one component of said second device to form a final surfcce for

said second device.

18. - The method of claim 17, _wher'e’i_n_said.mateﬁ__a_l,comp__:r_i_ses’-‘g_er_manium;--- '

o '119: The method of cla1m 17 wherem sa1d ﬁrst dev1ce comprlses an n- channel" FET
L (Fleld Effect Tran51stor) and sa1d second device compnses a p _channel FET and said .at

least one component compnses a channel of said FETs:

- 20 ; -_ The method of clalm 17, further comprising the steps of .
o ahgnmg a’ camer dlrectlon to be in a <110> d1rect10n for at Ieast o' _ of sa1d at
' .._least one component of said first device and said at least one component of sald second

' dev1ce.
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