- 9 NOV 2006 VARYING CARRI ER MOBI LI TY ON FI NFET ACTI VE SURFACES TO ACHI EVE
OVERALL DESI GN GOALS TECHNI CAL FIELD 5 The present invention relates to
sem conduct or devi ces and net hods of manufacturing sem conductor devices.
The present invention has particular applicability to doubl g\ tggdevi ces.
BACKGROUND ART The escal ati ng denmands for high density and pertornmance
associated wth ultra |ar escalelnteratlon es
e e desid e o4 e WU@%@%’%@%M‘@W n.
high reliability and increased g throughput.  The reduction of
design features bel ow 100 nm challenges the limtations of conventional

met hodol ogy. For exanple, when the Eate | engt h of conventional planar netal
oxi de sem conductor field effect D(MOSFETs) is scal ed bel ow 100
nm pYobl ens Zbswetm ingchtivi tlatesioGerhicantiaen @dvices 418 GHodsSEBIhuRSurirkRe BN GHRESr V e

| eakage creasingly difficult to
overcorre@%c%]yegg%llgr%l@rg%gwu%ﬁhﬂgPfgggﬁﬁg&rwd%@%ggg%h@g%lteﬁ ér of process issues
also nmake it difficult to scale conventional MOSFETs to include
increasingly smaller device featu (=31 ce structures are therefore
being explored to inprove FET pe#‘gé {DJNHEA\ET

or n g anda al |l ow further device
scal i ng. DoublFescgeletingdemmpyfor highdansityand wdvmnqemm@smhhm lirgasealdipegration

ConS]Qjer&dl@ﬁiuﬁt&ﬂﬁhﬁbﬁfeﬂﬁreﬁ@éign RS UGLIER bt@ﬂ:n?ﬁs' SdidvoRhRRRErs MaShkgs. I n
sever al Fﬁa’iﬁ@c% incrtepse uacte r%a'% %/OSF er better characteristics
than the con AT B et tr g RS uctipp gldesigndsptreheiont 100 &R se

because thpllengrs the limitatignst of coMPBIEER] ebodalognt e el ectrode on two sides of the
channel . 1 at e clapi, i BBlke R éﬁfcgﬁvle@ﬁna 1&&%@{1}3&(@ BitlicondfdR FelPealien

there are ;180 W ectr] er at raen s et t e
screene oM 4 86%88%“&?{9‘”& ?’H’é’r‘@ﬁgﬁ Aspciated|with s Ortwbang%heﬁ%ctsc%zﬁh gont r oI
nor €S curqxeemwetldfame betwéen (He@ougatand drme,sw&@emgrewho@ GHFEDNG BVercodd. Halidi€da) N

si gnal . zﬁobﬁitﬂﬁggdéugn Qld a Eﬁt@; ot’}%@ﬂ_s&?eg s Gl g 1? fi cu*t tocﬁ%%%ogyeng&ﬁlﬁggiﬁl g

channel behavi or, ude a vertica
verti cal™f4% ‘“C"ﬂ’fé‘gﬁ SﬁlFiETd%'iCF fratnge- Nevedevisestietiyed avathercforedbingexployed it improve
pr ocess REFqhtforaibiRs afiialldvw ffthdr Qevidd @&@ngd) sed for conventional planar MOSFETs.

30 DI SCLOSUR | e s.consistent with the present
i nvention maED g’?lgédg W&Rf“ﬁ‘ﬁ"@ﬁ“ %%F?W eopengosideneq as pqidales fE ot at i o
and sé&?ﬁ?ﬂélngﬁﬁmgpld@vmlzﬁl‘su i v coprts fthenloalspend MOSFET offddididri onal _
advant agﬁaao@dﬁehcgthaedhe éo%aénﬁén%ﬁbuﬁcf sﬂfgbﬁvxbmt *rﬁla@e[ M%lokelﬁe%ts%ﬁée bk @ide el By ar t In

t he descr T fol | ows an apparent tot

havi ng ér a#@ §"i?.a|g?‘e PRCofRontPe Slﬁfﬁ@ﬁ%%ﬁlﬁ%&ﬁeﬁhw’mﬂ OHBBHQ%*@&FE‘ICP@WW@I or
may be Il\é@%‘@‘d Wherthepr activo gatesthe &lbirid mu@aﬁmbymmﬁymﬁ@@sneaﬁdmi@at ures
of ‘the 's&x&%a e iR PR1ch 43 e%@aﬁacfagnﬁg%% eSS A el el Bl RANES, O

g cl ai ns. ccor e presen or egoi ng
and thé é‘ﬁ?"éges are achi eved in part by a

A FinFET is a recent MOSFET structure that exhibits good short channel behavior. A FinFET may
include a vertical channel formed in a vertical fin. The FinFET structure may be fabricated using layout and
process techniques similar to those used for conventional planar MOSFETS.

30 DISCLOSURE OF THE INVENTION

Implementations consistent with the present invention may provide a first FinFET device with a first
fin aspect ratio and a second FinFET device with a second fin aspect ratio.

Additional advantages and other features of the invention will be set forth in part in the description
which follows and in part will become apparent to those having ordinary skill in the art upon examination of

35  the following or may be learned from practice of the invention. The advantages and features of the invention
may be realized and obtained as particularly pointed out in the appended claims.

According to the present invention, the foregoing and other advantages are achieved in partbya
semiconductor device including a substrate and an insulating layer formed on the substrate. A first device
may be formed on the insulating layer, including a first fin. The first fin may be formed on the insulating layer

40  and may have a first fin aspect ratio. A second device may be formed on the insulating layer, including a
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Fig. 1 is a cross-section illustrating exemplary layers that may be used for forming a fin in accordance

with an embodiment of the present invention.
30 Fig. 2A schematically illustrates the top view of a fin structure in accordance with an exemplary
embodiment of the present invention.
Fig. 2B is a cross-section illustrating the formation of the fin structure of Fig. 2A in accordance with
an exemplary embodiment of the present invention.
Figs. 3A and 3B are cross-sectional and top views illustrating the formation of a double-gate FinFET
35  from the device of Fig. 2B in accordance with an exemplary embodiment of the present invention.
Figs. 4A and 4B are cross-sectional and top views illustrating the formation of a n-gate FinFET from
the device of Fig. 2B in accordance with an exemplary embodiment of the present invention.

Figs. 5A to 5D are cross-sectional and top views illustrating the formation of a u-gate FinFET from

the device of Fig. 2B in accordance with an exemplary embodiment of the present invention.
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used to form a fin structure for a double-gate transistor device, as described in more detail below.

In alternative implementations consistent with the present invention, substrate 110 and layer 130 may

include other semiconducting materials, such as germanium, or combinations of semiconducting materials,
30 suchas silicon-germanium. Buried oxide layer 120 may also include other dielectric materials.

A top dielectric layer 140, such as a silicon nitride layer or a silicon oxide layer (e.g., SiO,), may be
formed over silicon layer 130 to act as a protective cap during subsequent etching processes. In an exemplary
implementation, dielectric layer 140 may be formed to a thickness ranging from about 150 A to about 700 A.
Next, a photoresist material may be deposited and patterned to form a photoresist mask 150 for subsequent

35  processing. The photoresist material may be deposited and patterned in any conventional manner.

Semiconductor device 100 may then be etched. In an exemplary implementation, dielectric layer 140
and silicon layer 130 may be etched in a conventional manner, with the etching terminating on buried oxide
layer 120 to form a fin. Photoresist mask 150 may then be removed. After the formation of the fin, source
and drain regions may be formed (e.g., by deposition or epitaxial growth of a semiconducting material)

40  adjacent the respective ends of the fin. For example, in an exemplary embodiment, a layer of silicon,
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In an exemplary implementation, gate material layer 320 may include polysilicon deposited using
~ conventional chemical vapor deposition (CVD) or other well known techniques. Alternatively, other

semiconducting materials, such as germanium or combinations of silicon and germanium, or various metals
may be used as the gate material in layer 320,

35 As illustrated in the top view of Fig. 3B, a gate may be patterned and etched in gate material layer

| 320 to form gate structure 330 tbat extends across a channel region of the fin structure 210. The resulting
device 300 may be referred to broadly as a “double-gate FinFET.”
Gate structure 330 may be defined in gate material layer 320 by lithography (e.g., photolithography).
Although not shown in Figs. 3A and 3B, gate material layer 320 may be planarized and a bottom antireflective

40  coating (BARC) layer and possibly a top antireflective (TAR) coating (not shown) may be deposited on
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A gate material layer 420 may be deposited over fin structure 210 after formation of gate oxide 410.
In an exemplary implementation, gate material layer 420 may include polysilicon deposited using
30 conventional chemical vapor deposition (CVD) or other well known techniques. Alternatively, other
semiconducting materials, such as germanium or combinations of silicon and germanium, or various metals
may be used as the gate material in layer 420. As discussed, but not shown, above with regard to Fig. 3A, gate
material layer 420 may be planarized to facilitate later gate formation, as illustrated in Fig. 4A.
As illustrated in the top view of Fig. 4B, a gate may be patterned and etched in gate material 420 to
35 form gate structure 430 that extends across a channel region of the fin structure 210. The resulting device 400
may be referred to broadly as a “n-gate FinFET.”

Gate structure 430 may be defined in gate material layer 420 by lithography (e.g., photolithography).
Although not shown in Figs. 4A and 4B, a bottom antireflective coating (BARC) layer and possibly a top

antireflective (TAR) coating (not shown) may be deposited on planarized gate material layer 420 to facilitate
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(i.e., the ratio of the height H to the width W of fin 130). The overall carrier mobility of fin 130 may increase

or decrease with an increase in fin aspect ratio H/W, depending on which of the top surface and the side

30  surfaces of fin 130 has the highér carrier mobility due to its crystalline orientation. Those skilled in the-art
will be able to determine without undue experimentation, however, based on the disclosure herein, appropriate
adjustments to the fin aspect ratio H/W of fin 130 (i.e., in which direction -~ higher or lower -- and by how
much) to achieve a desired overall carrier mobility of fin 130 in ®-gate FinFET 400. For example, appropriate
adjustments to the fin aspect ratio H/W of fin 130 may depend on the particular manufacturing

35  process/materials used, and may be determined without undue experimentation by constructing various test

devices and/or by device modeling.
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structure with gate electrodes 530 and 540 and gate material 520 (Fig. 5C) surrounding the sides and the
bottom surface of fin 130.

=

Returning to Fig. 5C (along line A-A’ in Fig. 5D), the channels in fin 130 in u-gate FinFET 500 may
35  existalong the two side walls and the bottom of fin 130 adjacent gate oxide 510. The three channels along the
side walls and bottom of fin 130 give rise to the name “u-gate” in u-gate FinFET 500, because gate material
520 adjacent the two side walls and bottom of fin 130 constitutes three gates (i.e., in a U-shape) controlling the
three channels along the side walls and bottom of fin 130.

The two side walls of fin 130 in u-gate FInFET 500 may have a common crystalline orientation (e. g.,

40  orientation <1 10>), and the bottom surface of fin 130 may have a different crystalline orientation (e.g.,

7
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and 540 ar l'ustrated, u-gate FI nFET 500 I ncl udes a ructure

with gat es“’g?cét?‘{g"g]&gs 530 and 540 and gate material 520 (Fig. 50
surroundi ng t hé gae dlessridlger t1anaylieh bodepited Baad B stfuctire 2BY) as illustrated in Fig. 6A.

30  Gate material layer 620 may comprise the gate material for the subsequently formed gate electrode and may

include polysilicon deposited using conventional chemical vapor deposition (CVD) to a thickness ranging
from about 500 A to about 1000 A. Alternatively, other semiconducting materials, such as germanium or
combinations of silicon and germanium, or various metals may be used as the gate material.
Gate material layer 620 may then be patterned and etched to form a gate structure 630 of round-gate
35  FinFET 600. For example, Fig. 6B illustrates a top view of round-gate FinFET 600 consistent with the present
invention after gate structure 630 is formed. As illustrated, round-gate FinFET 600 includes a gate structure
630 with gate material layer 620 (Fig. 6A) surrounding all four sides of fin 130.
» Returning to Fig. 6A (along line A-A’ in Fig. 6B), the channels in fin 130 in round-gate FinFET 600
may exist along the two side walls, the top, and the bottom of fin 130 adjacent gate oxide 610. The four
40  channels along the side walls, the top, and bottom of fin 130 give rise to the name “round-gate” in round-gate
8



Returning to Fig. 5C (along line A-A" in Fig. 5D), the channels in fin 130
in u-gate FinFET 500 may 35 exist along the two side walls and the bottom
of fin 130 adjacent gate oxide 510. The three channel s al ong th¥lV gilkie

wal I's and kghbLesgdhehi N 130 give rise to the name "u- gatePdﬂjﬁgoﬁg%%fJI nFET

500, because gate material 520 adjacent the two side wall'sa

fin 130 ¢ { - shap ontrol | i the three
channel s a| qubh%éasulg{]g wa g%g%%“%lgltteg fout %a?e £ un%ﬁ 13%8“?1 the ?(g’é VATt of
fi n 130 i ﬁ1°E€ fide, 'PPﬁFEJP“%MWOﬂM\léOa comon crystalline orientation

(e.g., 40 ori &ﬂé foisA wallb b0 130 A HudaRSee Pﬂfﬁ@@@ﬁﬁé&ﬁtﬁ@gcﬁﬂn& 'agsté!lﬁg oRBaiRvVe a
05/ 034207

dlfferent cryst Ilnﬁogingtatlon% g
PCT/ US20047%72% Dntdthiedw ad oy “‘%%%8&%‘&38%3( Wé%@l@t@“ﬁé?‘i%f@mm
‘cryst af| i nostdliieeritddtion(es., ofientalien ﬂbmanCSuseﬂftﬁdseﬂdlﬂ;‘&ﬁg crgdifiing Exsentations bitee aspect

ratto 11/ Wehadih o K30hllsto 4208 ELAFT B0, A9 ALhSL bl Y LAl BRD! 1Y

of the carriers in ar ton -g actice,
‘the over aIOYe“hlﬁ‘H’Ibﬂ‘FYt%fﬂtﬁFaﬂfl‘?fﬁmﬁs(b?’q hkeuf-gg'&tFenfﬁlTﬁmd 5@0e Halga 0B rin Pltastlce,a@pect

rati o H opee sBiliedt Yin 18 idtRl-dale HHEER 6MPlasddQn RS2 ereu thido H/WGRYy b@e)sobutlhat  of
fin 130'31?“’?’%te F|nF 400 described above. This siml| arlt may_ be due

to the st d1omdt- %ﬁ“ﬁ i*B%and wetle BAFEL w0sHapsehscayieti 1%91‘6‘"&“‘@‘%3@

gat e, 1@i f harohdugore nbrmﬂm tmnnet {hen ﬁ-fﬂtd’mma[)@ﬁ{d ulgSie FRERT 84, mpmtulst@ar ttmpadaruonat
bottom suface of fin 1 B ate Fi nEET 400, effi ﬁ‘ﬁ@‘l
carrier nobitity oOf f10 tf%ﬁr °ﬁ°“b5“g“a°t"8 E“Iayﬁ’ﬁ‘éhtﬁlﬁya"ﬁ’é‘g aQ) TGV ar yi ng
the fin asqyettzaterFattHE@ 6911 dNferdittle thaw ée enelall a@bilityeraluestity elther yi-gat FinFET 480 nrgate

i ncrease gppfegpease Wth an increase in fin aspect ratio HW depending
on which of the top surface and the side surfaces of fin 10 130 has the

hi gher carri er S8 tPFtspte HIREET 40; thesoverel) earrigr mjobility of fie}30 itrpurd-gat HoBRT &Rintay ed

|hn t his ar be adjukibd @&a@mo@letfﬁ aspa@ t486 ?Wﬁ%&%ﬂéaﬂpr?hﬁmr15?@W1ﬂéa%r

owever ase ¢l osur e ropria ust ne

fin as pec?ecrreaeiwé o ’I’taT%”f‘?)ﬁQ% t‘i]ie%e\’)ggg ‘H‘gkg‘?hr"eg Bﬁ?tﬁﬂsm%ﬁ?slﬂ?‘gﬁhe side”
nobi | ity ®kfades of ﬂrseo hay ﬂtghgatrearﬁfprmrea]ity dBOO its REUMIDe GATE 6. NIRESE skiffed i @e ar6A i S
a cross- samtueghe ioldLatUI%EI[ead;ﬂh&g utda@exfp&tn%ﬁ&ﬁ&tn Rlevdd, t{a&,ﬁ Hﬁm%;c?osﬂ ﬁk'EeEnT Q%nﬁuéom
structure dz Ontg nd i n _accor dance’ an i npl enent a

consi st enf 'tztﬁ“teﬂtSf %‘rﬁswe‘ifb@égwd# fip 130 ?ﬁ%ﬁﬁﬁéﬁﬂeﬂ ‘(‘D‘dﬁl@m"t Bebility Rffia30 in
‘chem 20 r yromelzaledinfEE@06.0 renove portions of buried oxide |layer 120, as

descri bed above wth reference to Fig. 5A. A second etching nay then be
performed to IateraII etch t hrough the portion of the buried oxide |ayer

120 bel ow fin 138XE B RMENT G TIONS| WHEHPERFERIENT GARRIER MQBIIZIESt ch usi ng,
for exanpl e, ZQigH&bheaiatm&Ilflﬂ]gJ&a@d’ zﬁtSﬁHévﬁof aPefer RRIuERE FigrrTedvita 7108, aal7yo &t ch

- through t xi de. | a cated.bel o il lustrated
in Fle%c %@ox E g’d’n s gtafye |ve gOtIs e@?fﬁé'ﬁ“ﬁ'ﬁ%v%mﬁ‘ﬂ?xt‘égaygj‘?%@uiﬁﬁg?% €120,
as destri Wee (°fa?ble)/ en vdutslhtm @@pébt&ated)ddﬁmgs 718,520,ldnd TH0ereForged. 38 leasthvarofideniers ng

round- g at 'ﬂOFI 20, Fld 750Q6hy hgde%ldﬁﬁkﬂﬂ &erﬂmn&flﬁolﬁﬂtﬁg HivikesA6, PR YndBo mh§ APV
(e.qg., sel ect|ve eté:gl ng}Qj eav a bare fm 130 suspended above. buri ed

oxi de | ay%eP' 105 bypf Oof - gfiG T |“é-’la'88 S40-3pd roundrgats FREETIHR0-1 dlferraly odpvices 19:30.
For exanpl2e, ané730hhay imlidel &vofdr inbie @ifBre ftalyviddaygel 61 d3aH14- YateJHi P 300, 7-gate FinFET 400,
- u-gate FinFET 500, and round-gate FinFET 600. For example, a double-gate FinFET 300 and one of 7-gate
30 FinFET 400, u-gate FinFET 500, and round-gate FinFET 600 may have the samé fin aspect ratio H/W, but
may nonetheless have different overall carrier mobilities due to the additional horizontally-oriented channel(s)
in FinFET 400/500/600.
Further, the group of devices 710, 720, and 730 may all be N-type MOS (NMOS) devices, P-type
MOS (PMOS), or some combination of NMOS and PMOS devices (e.g., complementary MOS (CMOS)

35  devices). Although devices 710, 720, and 730 may be connected to other devices, or interconnected, these

connections are not illustrated in Fig. 7 for clarity of presentation.

Those skilled in the art will understand, in view of the disclosure herein, that different devices (e.g.,
devices 710 and 720) may be formed with different overall carrier mobilities (by virtue of different fin aspect
ratios H/W) for a variety of design reasons. For example, the overall carrier mobility may be varied based on

40  the type of device 710/720. In one implementation consistent with the principles of the invention, NMOS
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on all exposed surfaces of fin 130 to act as a gate dielectric |layer, as

illustrated in Fig. 6A. Oxide film610 my be grown to a thickness of

about 10 A to about 30 A Dielectric cap 140, however, prote(gtmt §top
5

surface of 1 gate material layer 620 may then b round
fin struct tﬁ%%ﬁ@gﬂ(&? illustrated in Fig. 6A. 30 Gate erl%% ‘{ayeqr% 620

s oy SRt bOREEaTR L | Blan R i B ERY L eodadl f”eg'ct 18 Bl BGREC

and may include polysilicon SPNg Convent i onar
deposi ti oﬁ‘a%WDfl et gpsafute palea ﬁrelstée ovaral cawdpr H‘Pblbtm tartytye of5Qi0Terkntlyselodind fin ale@GO A

Al t er nat i yagb,yf Pl\m(tm@iuc&%mtﬂé@ﬂm&r@ﬂp NRlefhikR] IMOSieResity BEfHRA Wi Y verall
conbi natl%]& 8£bé]6l¥{ con_and ger man 0um or. various _ et an may be used as the

gate material S ETl R dhe opes oA TRy o AMIR deureR et RBC ot ched to
f or m & gawafershipusitanratelys 86 finfspecotaniat-ferah BMOBTevier(-E, [deGitd710)2ad a EMASRMviee (efg.,g.

6B i | | USt f@1cEB0RmdyMR saécréws@élat&ﬁ%%oga A :giggﬁ f&ggev?cgs“a?@&%% éi}'&g‘alt he

present invention after gate st ruc ure ted,
round- gat e Fi nEEY %W PHER RGNS vagyfinaspset ratiey %’W%wnts@@glwnmugalﬂeenﬁ@tgeru al

IFayer 622?zn(fdﬁmgNABA)gats,uremetymh@F a,w%rtB )thethE) S&Vﬁﬁﬁa mgléoiramkﬁaent,l?&tewm&eg 0 t
ig A8t in ca n round-gate
Fi nFET, 600 maeJ' %)?ﬁ%@ ﬁl‘aveafut“r@af% rdip W er%l‘"%‘gjrg?)"tfeg%loﬁ‘ﬂ?‘k“ 1 B8 om of
fin 14b aﬂ?ﬂé?efé?ﬁb’ hggagecond @@smlﬁatm‘m%’z,ff@maWE tedvhiaves! belagk orvigive dugens bafeeenal | s,

t he top, dﬁﬂﬁesbmﬂm MuGbmdé h{@leﬁrggatghél(ﬁns‘is\teﬁﬁmgh%e S,SZl@srB?me 946k &@Hxﬁereﬁtr&s ect
round- gate 04/ 024590 Fi nFET 600,

solee s P&O\/dggb‘ WO 2005/ 034207 P
because gard {Fuf é|7 ™ g’Bﬁ’éct“f‘t’]ﬁ‘P‘é’émfyotﬁrde@t&f"é‘% congectsd (e by popepting a
cont r ol | i segred/dngn fegion inclrace Va0 with adraifgputch givh theleviteoR20 indigl 7bot t om sur f aces of
f 30, The ARkl ol bilcifs bt bRURCARH SR FLIGET, A0, have o

rmgl%cr stalline Qrientatl , orientation <1 op and
ot t |ﬁ\’/‘1'"5@‘e8“66ff°“ﬁﬁe}?mf§@amlu fitpe orgnog FinfgTdayicessnd F ice 710max baye i ne
OI’ i ent at i fiyst fif espert ran@HIVEﬁahﬁﬁsls@ﬁte& $i830c%}rall &ﬁ‘eﬁh&ﬁlﬁh@f Afsé}ﬁﬁe ciiﬁuftfeﬁﬁd:nﬂﬂlay include
crystall'i &@orq};&eeﬁ cfgﬂées 950 %QS%& s%cr:1 angxll__ﬁecel 2 %1660 (? %ssoc?%? gosnd E)\%r he as pect

ratio HWof fin'l I n roun OVET a
rmblllty‘Bcf“‘M]e carriers in fin 130, like 1t-gate Fi nFET 400 and- u-gate

EI n EET 200 | rFuﬁliea,(ixﬁdr&lﬁan dab @esE[OQ V&lftﬁﬁnlt mﬁwy shelstida lﬁfvarfying' thd BRashétt {a@éz f@f @ﬁfct&l

Fin Lo er. y
fro mlé-ré g g@e 9?—]50 II‘f'i‘:s% “61%'% ﬂgl&sa"tf ff’ivﬁ'lgg*rd‘%g%e d?‘ﬁ“”}ne E%&exw@f%% @“19 fthan 6]

r ound- gatmeayFsperEvFlyde OIMQP dnd BMOS eommnaitsioda CHIOS daticec Adsassahe privexisting Wrula n FET

400 and ungaii&, SEéhrbEgﬁreW wayefesmﬁglwélpﬁfos cmua mﬁlhgvino@@h ratid Q) theZQiAb3!
channel %H,tom surface of fin 130 may wei ght the "average"

(0] e.l1o
overal | r%E‘B‘P“H i 5?’6‘?‘ the drivg qurgra ot ‘FR‘??#E‘F"*’GWSEFTF‘é’l“@ﬁ‘f’?‘ﬁfetaﬁﬁﬁedt‘ﬁ@‘sdv’é’i‘eél |
nobi | i t y baelsorespré-enistieg tehdonsiip. gadj@stifg thHimlasghoQating oweguaéselo dnil Eeknlay pEKhit 2SI M | ar

to Thsg atdﬁfelr:ehtrbﬁgmel%&h ratlg' & gj_é%i) %Jle dk%%)ru[get%:r rer@)éi) %/re tio! tﬁpelgeﬂive%n 83 dribe curren

round- gatg Fi nEET var n aspect ratio
H W The %%Fg70 %ﬂ&ﬁ?ﬁ’ é?haﬁb mqrqswtwyfmmw 1133@ ngquvmsﬂé%ré 780 may@e cetédhgre i t h
an i ncr edsaatonan itia r«ﬁﬁqae&theﬂgm Hpanlrlizly\éf d9aRe NLh 4@ 78 maktbe edjusel sd 118 tHe@RpdRGIL OM
surfaces ﬁ?xra%eétgﬁo anﬁﬁrlw £ uce{hepnf%gé'%ogﬂﬁﬁugﬂn reEau?rE rcarrier mbility

due to its ryst 1 'on P-art
Alternately, adjustlng the fin aspect ratios of devices 710 and 720 may permit the same channel width

. 30  ratio (e.g., 2:1), while creating a new relationship between the drive currents of devices 710 and 720. Thatis, -
the respective widths W; and W, of devices 710 and 720 may be set in a 2:1 ratio, and the respective heights
H, and H, of devices 710 and 720 may be adjusted so that the respective fin aspect ratios Hy/W; and Hy/W,
produce a new drive current relationship (e.g., equal drive currents between devices 710/720).
_ Those skilled in the art will appreciate that fin widths of different devices 710/720 (e.g., widths W,

35  and W) may be selected by adjusting the mask(s) used to pattern, for example, photoresist mask 150 in Fig. 1
that is used to form fin 130 in Fig. 2B. Similarly, fin heights of different devices 710/720 (e.g., heights H; and
Hy) may be selected by selectively masking some fins 130 and etching other exposed fins 130 to reduce their
heights.

Thus, in accordance with the present invention, different FinFET devices 710/720/730 may be
40  formed with different fin aspect ratios. These different devices 710/720/730 may be formed on the same
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will be able to determ ne w thout undue experinentation, however, based on
t he di scl osure herein, appropriate adjustnents to the fin aspect ratio HW
of fin 130 to achieve a desired overall carrier nobility of tigryoy3Q06i n 20

round- gate E EXEMPLARY | MPLEMENTATI ONS W TH DI F
MOBI LI TI ESV@% :§3§§ﬂemat| cally illustrates a top view ofE OQW%FUdl ng

Fi nFET dey
enbodi man%o f%??gﬂ%&d;né%%ﬁbﬂ?ﬁf&%ﬁﬂ? osﬁme%rl ed oxl dmy%g%/%?en%’gwk?ﬁ%wg{ugg t he
25 waf er (‘6‘1@%&?‘5&/ theypesulifng stfrctuprexhibifs gaod shortdapnglhbelepvighe i addigory thopresep)  and

730 are fimveweeh proVides Ba@Edked ibRibUiLy 2@ 6O Susilylibtegrateilnto BiAcknictl pRRYssihave a
different overall carrier nobilities. Devices 710, 720, and 730 nmay all be

one -device type of n-gate FinFET 400, u-gate Fi nFET 500, and round-gate
Fi nNFEP 600. Alternately, devices 70UHER PIPLEMENIATIONmay i ncl ude two or nore

different devi gQohy Mo
u-gate Fi nFET 500, g‘%%mr&g%tﬁw}%ﬁy gﬁ"ﬁ‘ff% 600, ﬁg'%'rd %&gﬁﬁéﬁ’ﬂﬁmﬁd@%e

“Fi nFET 308°%ndi856 1B 5C fe gratsscdionsilysimtre we@maoga&aéomﬁﬂ@%@oo Biggpordance
r ound- gat wittFannthdr Tmfd&fkntaeigh di die @reﬁéﬂﬁn&ﬁﬂiﬂﬁ g8 s p ex6ds-séctibi iDustrbtddg a PidtessinERysge

nonet hel e f al l...car bi.| i he di tional
hori zaont a ﬂgt\réﬁxgﬁ% e%‘gﬁl%gélﬂgv%é ‘L‘Slhcon %{Eui‘a”%ﬁ@of%ﬁfcf gﬁy'g?lecgfctla g 63 e group
of delfl ce@coriélelemayeam apgeswbat;ateaﬂw {si@honzltryp@usm i Rigt9) fiei@aPimess e copneciph o
MOS l(PWmitmﬁ{éfenamutGMEHﬂﬁ%trégw}\s@imlM@ i Pl\/@ddeVI Ces7g-8 9712 d 730
conpl enent ary . evi ces t ho evj ces n

may be connect &% C?‘(()e 5 %Pa)ﬁtg?}ﬂ)fé’g‘?"“ﬁ% dtp FFPE’P’%E%?? Stfl‘r‘ilé‘"éréc layep, ?Vgﬂs
are not i3$40esillugttaied in Fig. BB gFin 344 ig reffeckigaly Suypeodedpboesecrinaﬂmlemc 1d3e0326. §lmehdl ed in

the art ond S8 % er c rehSiGb Sec . ent
devi s (S Gepece it i oo dEp AR BBl g PR el o

carri 'b%‘o dhysrater in Hig 85 may b %R%tﬁci bsfqlerﬁraéﬁbeﬁfw layep§035the oy ©fffy
vari ety (ﬁdjad@SthWurcéY&amm@mnF@btsﬁommm e, the overall carrier nobility nay be

varled based o I e i.hpl i
Consi stont wi ¢ Epabife ES BB kifed chii 0 rol DS « VR AR S0 ve,
2005/ 0342‘67‘“?1@%2@@1#@2% %faerévﬁ {3eB40 fpepgt 35 @ st Fidtestrioldyethas dfpsEARdnFiE: 8Car r i er

nmobi | i ty,Ohde filinS50RayHe gf:b“ﬁ‘iﬁ zﬁlﬁfcﬂﬂssfofiboﬁkslpéﬁfb aboatdok. that is | ar ger in
magniggude (i.e,, absol an the, over carri

vi rtuiglof a di PEEFEAF aﬁa% é)dh T edeggség%?m“nflg’telﬁﬁsmtﬁ?’“g% §V| %dstedcl)% t he
same waf &fig-6Ai Fate Matergl #Pa@réﬁ(?/maﬂmsa@wmetemam fdy éhe Subsqyeaitiyvortied gete ofoatiogd |
carrier rg@bishy faudedod§icoh aeﬁaagmh&dgdalmﬁﬂal tRidMapd alpoS @i eh) R Rlidkhdsy Of

NMOS devi ces waf er /.chi Alternately, the fin aspect ratios
for an NV %?F‘C‘g°"(tg&g“t° aH“é\/?Q?QAYf‘b‘ m%ﬁyfﬂmcﬂ‘éjﬁ?“&%mf@aﬁ sichevi ce 720)
may be sedemsinmd o conimtions h“sﬂmmemagérmmavm|oevammndtalstm@$ae®dish® gewaedd. are
appr o8 Meged Kar Q;rer SéOtma%é( s@lerﬁrlgem?}ﬁp QQX@%t@Qgﬁéja%d gage é{%kﬁﬁff&%‘ﬁﬁ > DRCFinf@l | 0S

HWwthin a |venC|rCU|tee menory.

el enent , % ed elseyeheye hexgjny (g this ala%qehgr%m%wfcﬁwﬁETe‘iP%mhe forweﬁ bygszla?fﬁhéa one
Fi nFET dehalacchéy&mmrhtaateaoﬁﬁ&ﬂﬂ@ér) fider fisg@ect ratio H WL. Anot her Fi nFET .
device 720 Wt Rlgl Rl Elidns %gm(%éa s BB DRYS 2 860 G L ImABRAST Fatl 0

HIW2, for exanple to ac rve curre
structures, chemicals, processes, etc., in order to provxde a thorough understanding of the present invention.

30 . However, the present invention can be practiced without resorting to the specific details set forth here;n. In
other instances, well known processing structures have not been described in detail, in order not to
unnecessarily obscure the thrust of the present invention.

The dielectric and conductive layers used in manufacturing a semiconductor device in accordance
with the present invention can be deposited by co'nventional deposition techniques. For example,

35  metallization techniques, such as various types of CVD processes, including low pressure CVD (LPCVD) and
enhanced CVD (ECVD) can be employed.

The present invention is applicable to the formation of any of various types of semiconductor devices,
and hence, details have not been set forth in order to avoid obscuring the thrust of the present invention. In
practicing the present invention, conventional photolithographic and etching techniques are employed and,

~ 40 hence, the details of such techniques have not been set forth herein in detail.
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devices 710/ 720. In sone inplenmentations consistent with the principles of
the invention, the different-aspect fins of devices 710 and 720 in the
circuit element may be electrically connected (e.g., by conn gbéﬁg
sour ce/ draip._r.eqi n device 710 with a drain/source re gﬂ % 1ce 720
in Fig. 7)‘933&8@%§?2Iy, or additionally, fin aspect rati d%

varied bet V\BenF&{hErCéi&l&ugﬁ{hQ Eﬁﬁé”ktu?facefo%m%r @é{}%&}& F0G et ﬁ%ﬁjée%cr %ﬁ%?ﬁa%c gay

i ncl ude one or nore FINFET devi ces V|ce ave st
fin aspectli0aemssliie gyentsion aad G op/hetiosn spifacesthavs\peandpscried e liawing ?rf)‘l@ibi qrxsyﬂhnﬂ

separ at e 6iidh@tidn] falelc@1v8 b thd¥BYeviciGh SR impRARntHond Ty QesTlt HxFﬁIslﬁﬁééls GRS 186 havi ng

a second f| spect .ra oci.at ed econd over al |

mobi lity. ?%r? Bmm&%gfgi?%aﬁmgﬁggﬁ?s %ﬁm%%ﬁﬂﬁs PHPHeREYen %b ﬁ@??@%EBy
varylﬁb t he fi Ankathppreferredenibodimdntsaff thel divéntiosand 2 @wAIHnpIS0f iconsitdity@rishonintaind t he
princi pl eges@ived e bﬂage%ﬁsu%md 'Ié%%éﬁ}%g%&d%a%e F%@ﬁ@%%ﬁ%\ﬂ s g and

720 may respectlve Y. onents evice. Also,
some pr e- EFPERRoRANG gAY F&‘ﬁ“"'ﬂ“ﬁ prdl is Gapaplecok lng‘ilﬁca%& Fithia the pagpedf (e fiyenfi copaept as
exanpl e) tdpesBMesichannel width having a 2:1-ratio to the NMOS channel

dth so that [ nt s gt hat are
| \z,imr ranged in t hlﬁgg%gge thC‘E o?ﬁgqu%‘ K rﬁ% &]é/ e%'c)? Fa"té i E‘é ?rgﬁeﬁttapﬁ %%‘fl’ %ml%gﬂ Cons%rl era1dg t he
fin a]g)pec%s crigiae} @5 gssaptal ghety ’@Eﬂgtwﬂl‘@lear@wh?lﬂ@dmgbem sueht Alo, 25used lefely bnartidhaninel

wi dt h- r at is htdn@ed @ inclidle Sne: or ¥ie litBmK Wéwlytohﬁte&r@lnéﬁdé L Ve ‘%Jleat)ﬂ PRB buage
bet ween theeg,v%e currents . of ices 710 and 720, That is, the respective
n

dev
wi dt hs W3 sc@f’e(gél\‘?l%'g‘gm‘?f@e bybrriaimyang heig gquivplsnthsve o 3:2 rati o,
and the respective heights H and H2 of devices 710 and 720 nay be adj usted
so that the respective fin aspect ratios H/W and H2/W2 produce the
pre-existing drive current relationship. Alternately, adjusting the fin
aspect ratios of devices 710 and 720 nay permt the same channel width 30
ratio (e.g., 2:1), while creating a new rel ationship between the drive
currents of devices 710 and 720. That is, the respective wwdths W and W2
of devices 710 and 720 may be set in a 2:1 ratio, and the respective
hei ghts H and H2 of devices 710 and 720 nay be adjusted so that the
respective fin aspect ratios H/W and H2/W2 produce a new drive current
relationship (e.qg., equal drive currents between devices 710/720). Those
skilledin the art wll appreciate that fin wdths of different devices
710/ 720 (e.g., wwdths W 35 and W2) nay be sel ected by adjusting the
mask(s) used to pattern, for exanple, photoresist mask 150 in Fig. 1 that
is used to formfin 130 in Fig. 2B. Similarly, fin heights of different
devices 710/720 (e.g., heights H and H2) may be sel ected by selectively
maski ng sone fins 130 and etching other exposed fins 130 to reduce their
hei ghts. Thus, in accordance with the present invention, different Fi nFET
devices 710/ 720/ 730 may be 40 fornmed with different fin aspect ratios.
These different devices 710/ 720/ 730 may be fornmed on the sane 10 - 9 NOV
2006 WO 2005/ 034207 PCT/ US2004/ 024590 wafer or chip and may exhi bi-t
different the sanme overall carrier nobility or different overall carrier
nobilities. Advantageously, the resulting structure exhibits good short
channel behavior. In addition, the present
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invention provides increased flexibility and can be easily integrated into
conventional processing. 5 OTHER | MPLEMENTATION I n sone inplenentations, it
may be desirable to forma round-gate Fi nFET ot her than as descri bed
above. Figs. 8A to 8C are cross-sections illustrating the formation of a
round-gate Fi nFET 800 in accordance wth another inplenent-dt N&nii6§ t he
present invention. Fig. 8Ais a cross-section illustrating a processing

st age aft§£ 55@ formation (simlar to Fig. 2B). A silicon fin 840 nay be
formed on Aex dielectric layer 830, a 10 second dielectric |ayer 820,
and a substrate 810. Although not illustrated in Fig. 8A fin 840 may be
connected at either end to source and drain regions (simlar to Fig. 2A).
Sel ect i ve ket chiAgemmypnduntor deeicparohguiseg:t o renove the portion of first
dielectric Iayer%ﬁgo below fin 840, as illustrated in Fig. 8B. Fin 840 is
ef fectively sush¥d&#®above second dielectric | ayer 820. The end portions
of fin 840, howgVigkulat®igBapdrl formad bRakedbited;ne remaining first dielectric
| ayer 830, and the suspended 15 portion of fin 840 illustrated in Fig. 8B
may be suppor t eaffitsydevies formed orithsliesgilating layeyeqon®Beingt t he ends of fin 840

Then bo formed on finigsD EAPLGuR e Qofgh®pl bl e nl™ ™

thermal |y growyafig; aadl exposed surfaces of fin 840 to act as a gate
dielectric layer, as illustrated in Fig. 8C.. Oxide film 850 may be grown
to a thickness of ab%%ﬂcoﬁ‘bdwlﬁeof(&%dtongbe insulongalayers ORI al | ayer 860
may then be deposite i : . L trated in
Fig. 6A. Gate materi %TG%F)I%Q? fggﬁe({n%@th%g%ﬁ@gq%}%{e}%ag? gwﬂ ta g?‘:'dglh or the
subsequent | y f casped rgrid diffetencfromaie fissdinmmyect ratioude pol ysi |l i con deposited
usi ng conventional chem cal vapor deposition (CVD) to a thickness ranging
fromabout 500 A to about 1000 A Alternatively, other sem conducting
materials, 2.Suchr@§segﬁsmnumaﬁc& OFDLARY | RRSeR thé ik AORcARCOSMESi um  or
various netals nay be used as the gate naterial. 25 Gate material |ayer
860 may bedeyideseddentccynddavier sedPMAXSodexiqgat e and gate el ectrode for
round-gate FinFET 800 as descri bed el sewhere herein. In this manner, a
round-gate FinFET 800 nay be formed by renoval of a dielectric |ayer 830
(or other sacrifheictlicdieior d#REE S Elatin 84Qherbih thd Br HOMEDURd BRSSEIAL | ONS,
nunmerous specific details are set forth, such as specific materials,

st r uct ur esqevidseatedadludedon gongdeeircugitedementn order to provi de a thorough
under st andi ng of the present invention. 30 However, the present invention
can be practiced without resorting to the specific details set forth

herei n. | ™. ot hEke scnsit@iiwesr dywtd oRkolaitn 1 pwheeinsd gt GirfictahobiBs iRaefirot been
described in detail, in order not to unnecessaril ywobscure t he thruyst of
Q

the presentin johkeirsbaeviernis differertiromea sspendarens arbIlY imihersecqpsden jof the
nanufactur&ggmﬁdaﬁagconductor device in accordance wth the present

i nvention can be deposited by conventional deposition techniques. For
exanple, 35 netallization techniques, such as various types of CVD

processes, _includi ng .| ow pressure D, (LPCVD). and . enhanced CVD (ECVD) can
be enpl oyed. Th'ghep?eg‘_%‘é?ﬂ\g“f“r‘?\f/aﬁ‘fl%H_%é“éhp?"f‘ 5 eﬁastgﬁ%lc? AUGE: any of
various types of fia@Bhie ANILUEIO Tordd G leasPifbe\BMEss of BeirsSfiflang not been
~set forth in order to avoid obscuring the thrust of the present invention.

I n a first gate material formed on the at least three surfaces of the first fin; and
wherein the second device further includes:
a second gate dielectric formed on at least three surfaces of the second
fin, and
a second gate material formed on the at least three surfaces of the second

fin.
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practicing the present invention, conventional photolithographic and

et ching techni ques are enployed and, 40 hence, the details of such

t echni ques have not been set forth herein in detail. 11 - 9 NOV 2006 WO
2005/ 034207 PCT/ US2004/ 024590 Further, although the side surf@@eas%of

Fi nFET devi ces 400/ 500/ 600 have been descrl bed as having a <1 L
crystallinge or |Eretsaﬁncmmda¢tdr ddvécet oﬁdlhnmﬁomhesmnftlaacﬁst fre diclreric gektbei bed as
havi ng a <100> cryst lin i tatuF) t?\rl catjon of these devices in

ot her |rrpl ﬁ‘e%?tt%’t“?@ OFIB%‘L‘P R 1qup S alfésgﬁ fLtding th a <100> crystalline
orientation and top/bottom surfaces with another crystalline orientation,
such as <110> or <11 I> 5 Only the preferred enbodi nents of the invention
and a few Bxanpltesseoficintisctoedsate bf ¢1y1na6,evlm1lc1whh€a$®d0mﬁ%@dl€b’eﬂlcl and the
present disclosure. be, under st t he .i.nvention is capabl e of
use in var{ 8?}7955???1’@13 en@,oﬁ’ﬁ?itﬁgf’?%% Oélﬁa‘“g%?? tﬁﬁﬁ‘?ﬁ Edg Hd is capable of

nodi fications wthin the scope of the inventive concept as expressed
herein. No elenment, act, or instruction used in the description of the
present apfi)l i caThWHBmu@IObée‘@ngfﬁﬂa@ﬁ wiereis: critical or essential to the
| nvention un| ©SBe B 1 tla?’ﬁrs?ﬁ%%h %%gaﬁstwﬁﬁan@tﬁgﬁrs?aw egurﬁl%F ein, the
article "a" |s f At cri‘e S0 T he c}e oné or nore ere only one item
is |ntende¢j),mlﬁrfsesterm "one" or simlar language is used. The scope of the
~invention is defined by the clains and their eqw val ents. .12 -9 NOV 2006

CLAIMS: 1. A seanﬁ@bﬁlélféﬁfﬁrlalﬁ%vfoé@ed eRAeass flgs st des of ke firshfia-andn i nsul at ng
| ayer forned O'Bﬁxt}?%a?[? iﬁ{ @#me[he & life gatctrijcel &E formed on the insulating

| ayer, conprising orne on t e’ insulating |ayer and having a
first fin aspecthe s¢édhid fin haych stcoelioightdad b secohdwidit and thdsecombddvate ng

| ayer, conprising: a second fin forned on the insulating |ayer and having a
second fi SHOEPTEY i o different fromthe first fin aspect ratio. 2. The

sem conduct or deydc6fd GkleehRi1R et fo%é‘d&hﬁ'tl%&b@tﬂr&é s%&esctﬁ‘{h&f‘ecb&ﬁﬂ YOS
device and the second device 1s a PMOS device. 3. The sem conductor device

of claiml, whessicond gﬁefadymntdbwm;enéd@lem@ lgysrpardl witksgince fiest eatiornd| uded i n

i ngl 4.. Th duct d f [
First “car PERTHBBER 31 Pt VU 1 dErenr PR gre g e o g aorcad rPebtatl er ent -
froma secpghEaidher nobility in the second fin of the

9. The semiconductor device of claim 8, further comprising:

a third device formed on the insulating layer, comprising:

a third fin formed on the insulating layer and having a third height and a third
width,

a third dielectric layer formed on at least three sides of the third fin, and

a third gate adjacent the third dielectric layer, wherein a third ratio of the third
height and third width is different from the first ratio and the second ratio.

10. The semiconductor device of claim 1, wherein:

the first device is an N-type device, comprising: a first fin formed on the
insulating layer and having a first height and a first width; and

the second device is a P-type device, comprising: a second fin formed on the
insulating layer and having a second height and a second width, wherein the second

width is a predetermined multiple of the first width, and
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second device. 5. The sem conductor device of claim1l1, wherein the first
device further includes: a first gate dielectric forned on at |east three
surfaces of the first fin, and a first gate material forned on the at |east
three surfaces of the first fin; and wherein the second devj & fi0ft her
i ncludes: a second gate di el ectrl c formed on at |east three surfaces of the

second fin, anghaeinebofitht Belple: anaites srbnd BeigRdroonfigaredtisoligaatcatriee ee
surfaces of the second fin. 13 9 NOV 2006 6. The seni.conductor device of
claim 5, wnebilithofitheNriype devies approsingsdely cqualn@catier mepiit ofjhe B- Rk eri al are
formed on surfaces of the first fin. 7. The sem conductor device of
claim 6, erein the second gate dielectric and the second gate nateri al
are formed on four surfaces of the second fin. 8. The sem conductor device
of claiml1, wherein; the fiyst fin has a first height and a first width and
the first Hevic® SPRiCORycCtor M5Fi CEPISHE j rst dielectric |ayer fornmed on at
| east three sidegufathe first fin, and a first gate adjacent the first
dielectric layer; the second fin has a second hei ght and a second wi dth and
t he second deV|mnsﬁlamngieyerdomd@e&esabmwond dielectric layer fornmed on

at least three s xfa fthe g}ed filr][ alnd a second gate adjacent the
second di el ect r¥ B 45%8¢C 1O4R Snsplatingrlpyery COMBASHEAE  the first hei ght

and first width is dififseiffrmiddUn the HRERAMg I@&ﬂ&dqfavm@%mpmakpheu@m and
second width. 9. The sem conductor device of claim@8, further conprising:

a third device for nmetifitshgathdiclevsnig @rmn@onécymsurfwﬁpﬁhgufﬁg figapghi rd fin

formed on the insul aé%— %ét?a a':terﬁ;l]go&l% A Q}ttt ﬁr‘égﬁ?‘%&%c& g)nathé

width, a third dielec yer T Ornmne eas ree sides o?dthethlrd
fin, and asdrfabésﬁbﬂjﬁéﬁrsaﬂha&ﬁnt t he thi rd dielectric layer, wherein a third
ratlo of the third hei ght and third width is different fromthe first

rati o and the sesesand dafieeformed o inadatglaeE:OMMEReee of claim 1,

wherein: the first devi6Rq kR féhdt dnRE ifdGMAS 1ay SO A% seBordd fishspbdt

formed on the
ratio different from the first fin aspect ratio.

12. The semiconductor device of claim 11, wherein the first device is an NMOS

device and the second device is a PMOS device.

13. The semiconductor device of claim 11, wherein the first device and the second

device are included in a single circuit element.

14.  The semiconductor device of claim 11, wherein a first carrier mobility in the first
fin of the first device is different from a second carrier mobility in the second fin of the

second device.

15. The semiconductor device of claim 11, wherein the second device further
includes:
a second gate dielectric formed on at least three surfaces of the second fin, and

a second gate material formed on the at least three surfaces of the second fin.

16.  The semiconductor device of claim 15, wherein the second gate dielectric and the
second gate material are formed on four surfaces of the second fin.

15



insulating layer and having a first height and a first wdth; and the
second device is a P-type device, conprising: a second fin forned on the
insulating |ayer and having a second height and a second-wi dth, wherein the
second width is a predetermned nultiple of the first wdth, and 14 - 9
NOV 2006 wherein the first height and the second height arel ¥8hfdgured so
that a carrier nobility of the N-type device approxi mately equals a carrier
mobility of the P-type device. 11, A sem ond Vi ce, .conprising: a

substrate;1%n |ﬂ%etﬁe§’c1‘?9’i’&uﬁé§/€9"l‘fed? fieimol] ﬁ%g‘fﬁt ap Sec%n4 fip aPetfevi ce
formed on [ ff@s A8 %Uﬂ%ﬂﬁ&gtol r%}f(gﬁc | ?d?%{c’e $rf%nd @ecfo'nﬁ%ﬁmeir HloBthl@?ﬂ)r% tile

insul ating Tayer avi I'n aspect ratio; first gate

di el ect ri canfleecmd fors, fespectiselyf acleshaéintthefifst ast sebomt caamt ngotfilitiestargyat e

mat eri al f(?f d adj acent the first gate dielectric on the four surfaces of
the first Fehnd a second device formed on the insulating |ayer,
conprising: a second fin formed on the insulating | ayer and having a second
fin aspect ratio different fromthe first fin aspect ratio. 12. The

seni conduct®%r dévemiopfuatdrdevicelcomphisingin the first device is an NMOS
device and the second. delw ce is a PMOS device. 13. The sem conductor device
of claim 11, wiBHIPHAMEYEY st device and the second device are included

in a single cirghistdgliedithed &Atheﬂh@lﬁﬁ@l@ﬁm&ﬁpﬂs@ew ce of claimll,
wherein a first carrier nobility in the first fin of the first device is

different froma secofitst Sardpinad anghe insplpting laypreandehoring o fist kgightgad asecond
devi ce. 15ﬁrsTQ‘13 tﬁem conductor device of claim1l, wherein the second device
further |ncf €S. a second gate dielectric forned on at |east three
surfaces of the secoanflrstdielecaivdaya feﬁﬁ@hﬂl gaéastﬁmémdealofﬂmrﬁradimrand he at

| east three surfaces of the second f| ge sem _conduct or devi ce of
clai m 15, wherein thelEtaasadigasn the SE@FFF@C 4%d second gate materi al

are formed on foWe,SHHlACERAED bR teSRSAthel1afbr, dotnpristhgh OV 2006
a second fin formed on the insulating layer and having a second height
and a second width,
a second dielectric layer formed on at least three sides of the second fin,
and
a second gate adjacent the second dielectric layer,
wherein a first ratio of the first height and first width is different from a second
ratio of the second height and second width, and
wherein the first ratio is selected to produce a first carrier mobility with respect to
the first fin and the second ratio is selected to produce a second carrier mobility with

respect to the second fin.

19. The semiconductor device of claim 18, wherein the first device is an NMOS

device and the second device is a PMOS device.

20. The semiconductor device of claim 18, wherein the first device and the second

device are included in a single circuit element.
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17. The sem conductor device of claim 11, where the first and second fin
aspect ratios are configured to produce a produce first and second carrier
mobilities for the first and second fins, respectively, and wherein the
first and second carrier nobilities are different. 18. A sem conduct or
device, conprising: an insulating layer; a first device f orhdd offh t he

i nsul ati ngl ayerhe se@idoniiadto8device dflctdimf 180 whereAfiRncdriier hobilityaihithgfitsey er
and having a first height and a first wwdth; a first dielectric |ayer
formed on fin of the first dpyieeisgibguiseqypl toreseeqndsrarter mobiliy in therspeand feafdbéidj acent
t he firstsgggkﬁﬁk&%c | ayer; and a second device formed on the insulating

| ayer, conprising: a second fin formed on the insulating |ayer and having a
second height and a second width, a second dielectric |ayer formed on at

| east three sides of the second fin, . and a second g%at e adj acent the second
di el ect ri 22 ayebhe sppdcaaductar devieg ofichaimol Sphengin the figgt dgwice Hta %88fef i r st wi dth

is differ om ORI athga P ﬁ:l;%qcond hei ght and second w dt h,
and V\herefﬁh{:{:ﬁz’ﬁggﬁé%ﬁatl d(}rgr@g‘f&e)%%téeg 0 produce a first carrier nobility

with respect to the first fin and the second ratio is selected to produce

a second carrier nmobility with, respect to the second fin. 19. The
sem conducdbr B sEiesmdietar dsviee of ghaimed 2, whersiy the second dewige 152 HgaiRIVOS

devi ce and. se P%*'ﬁ i %@ ice. 20. The sem conductor device
of claim g%‘w%’ear%%%gt he ﬁ?’srtasragl}/d: e gn %t[ﬁe second device are included
inasingle circuit elenent. 16 - 9 NOV 2006 21. The sem conductor device

of claim18, wherein_ a first carrier nohility in the first fin of the
first devide i sThassmicanduetor deyiee ofedaimyl S Sutice RSty in the second fin

of the second ' ; ' 1.0k d8ULGEnSf claim 18, wherein
the first devi c@?ﬂg%gvgg%ﬁgg%néﬁﬂk’%@%ggu9%réte ’Fllqn?:%T, or a round-gate
Fi nFET. 23. The seniathirddit formedoin tde infulatingilage? 2nd dnenga thitdieigeeohd devi ce

Is ait-gate Ftlhprglxzw-l;dth? u-gate FinFET, or a round-gate Fi nFET.

a third dielectric layer formed on at least three sides of the third fin; and
a third gate adjacent the third dielectric layer;
wherein a third ratio of the third height and third width is different from the first
ratio and the second ratio; and
wherein the third ratio is selected to produce a third carrier mobility with respect
to the third fin and the third carrier mobility is different from at least one of the first or

second carrier mobilities.

25.  The semiconductor device of claim 18, wherein the first carrier mobility is

different from the seond carrier mobility.

26. The semiconductor device of claim 18, wherein each of the first and second

heights ranges from about 300A to about 1500A.

27. A semiconductor device, comprising:
an insulating layer;
an N-type device formed on the insulating layer, comprising: a first fin formed on

the insulating layer and having a first height and a first width; and
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24. The sem conductor device of claim 18, further conprising: a third
device fornmed on the insulating |layer, conprising: a third fin fornmed on
the insulating |layer and having a third height and a third width; a third
dielectric layer formed on at |east three sides of the thirﬂ &fnﬁ and a
third gate adjacent the third dielectric |layer; wherein a tHi i o of
the third hei ghipap deicedomcdtdn the imdulafieg RYEr, tompriing o secqid fin ftined and t he
second ratio; and wherein the third ratjio is selected to produce a third
carrier nowithe inpulgting laysspdchavingn segend highf apd g Sﬁ?ﬂﬂ‘dt‘ﬂ’iét%t hird carrier

mobi lity is dif . . ' C arrier
mobi 111 es. 25, " Ead S B e Sl pORGedpbdulipicor B fusf SRARMAS T &
carrier nobili twhdrsin thé fifseheipht dndaie scbendhagit acacarfuredsbithdt ygarre6. The

sen conduct or.__devj ce. of clai.m 18, wherein each of th .tirihﬁgﬂglsecond

hei ghts r arglitreidhs Nbarae dedesanrrsoxmaisy awBlsA casrer mobilityo ie®6r devi ce,
conpri si Ngjeyidn insulating layer; an N-type device formed on the insulating
| ayer, conprising: a first fin forned on the insulating |layer and having a
first height and a first width; and 17 - 9 NOV 2006 a P-type device forned
on the insy| ati | ayer, conpri.sing: .a second.fjn formed. qn the insulating
| ayer and 4favi n easeé‘é%‘ﬁ}ﬁ‘bwtﬂgﬁﬁ‘ﬁ‘fe (g[ﬁ%a”é’ iﬁgg’ﬁ@lﬁhﬁtpﬁ?dev%wgﬁn%ﬁ@e ésgcond
width is apesletermned nmultiple of the first width, and wherein the
first height and the second height are configured so that a carrier
nmobility of the N-type device approximately equals a carrier mobility of

he P- device. 28. Th ] I: ' : i h
or edt of m Red niis 1o conobCE BETE GG 2 iBES BeBrehhied cyBELF 7 2

27, wher eigpohespredetermned nmultiple is about 1.5. 30. The sem conduct or
device of claim 27, wherein both the N-type device and the P-type device
are 7t-gate FinFETs, u-gate FinFETs, or round-gate Fi nFETs. 18

30.  The semiconductor device of claim 27, wherein both the N-type device and the

P-type device are n-gate FinFETs, u-gate FinFETs, or round-gate FinFETs.

18



