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TECHNICAL FIELD
[0002]  The present invention relates generally to the fabrication of semiconductor devices.

More particularly, the preferred embodiment of the present invention relates to semiconductor-

on-insulator chips Incorporating partially-depleted, fully-depleted, and multiple-gate devices, and

the introduction of strain in the channel of these devices.

BACKGROUND

[0003]  Semiconductor device geometries have dramatically decreased in size since such

devices were first introduced several decades ago. Since then, integrated circuits have generally
followed the two year/half-size rule (often called Moore's Law), which means that the number of
devices on a chip doubles every two years. Today's semiconductor fabrication plants are

routinely producing devices having 130 nm and even 90 nm feature sizes.



devices on a chip doubles every two years. Today's sem conduct or
fabrication plants are routinely producing devices having 130 nm and even
90 nmfeature sizes. 2 [0004] The desire for higher performance circuits
has driven the devel opnent of high-speed sub-100 nanoneter (nm
silicon-on-insulator (SO) conplenentary netal -oxide-sem conductor (CMOS)
technology. In SO technol ogy, netal -dxi de sem conductor field-effect

transis ( ETs re formed on a thin layer of silicon overlying a
| ayer O}I&Pﬂsul ’Q@S@%&r‘?ﬁ Eirgﬁ%ﬂpe"sf%ﬁn%cmgm hasginvextheldeveDeme eshizhisprd on SO

of fer mar% dvant ages over their bulk counterparts, including reduced
juncti ofEH prpler(nma siicorcen-ohulney (SR chaslymehd ¢ tloial 5Ad 5 ié&{du&&;?m”i ty,
full dielectric isolation, and absence of |atch-up. SO technol ogy

t her ef o€M&FkHckIbEyg e SOs &@l&ﬁ)l(}ﬁ%@ﬁﬁ&ﬁ%@e@%ﬂ}% ﬁlgﬁc%gegtgﬁsensi ty, and

reduced power consunption. [000 There are €s o IPonal SO

devi ces (MOBFE . D-.SO devi ces, and fully-depl eted
(FD- SO ) de\rI; Fg?s&y%oﬁﬁ%ﬁ ?@H‘i% %B?%f"“l\}%ﬁéﬁﬁg p @Y%f 1gsplatipg @{terial tgechbisdy-

t hi ckness; . .hi cker than the_ maximum depletion layer width Wi, m", and a
convent ?glﬁ!é‘f"’z@b%i“d‘” B §Obﬁ%erimaw5mtmg¢se>vbuﬁyir bilk chumesgariss t hi nner
than W, The conventional PD SO and FD- SO devices are planar

devi ces 0Guding redysed junptéonf aapavisenceabisinee pf RREsHody Qﬁ‘edﬂ,’%ﬁfenorﬂgﬁ-ﬁ%ﬁé% is
noticed that remarkable progress has recently been achieved in P

hnol igjectrialisdiationhand@b&abe caxi VR s Adu0! ghd
t echnol diglectritlisdiationha sranmtieas. @@Y@cﬁxﬁﬁ:&@eﬁfor@%na@%s ?&gm{ﬁggﬁ? because

manuf acturabl e, significant design burdens ace

of fl oaperigmanetyhighé§fating Mﬂﬁ?gﬁﬁgd& vi ces chag&?mcar riers generated by

i mpact ionization near one so rai pP‘é@’idSHS | ate near the other
source/drain region of the transistor. Wen sufficient carriers accunul ate
in the [0005] There; are two types of conventional SOI devices: partially-depleted SOI (PD-SOI)

devices, and fully-depleted (FD-SOI) devices. Conventional PD-SOI MOSFET is one in which

the body thickness is thicker than the maximum depletion layer width W .max, and a conventional
FD-SOI MOSFET is one in which the body thickness is thinner than Wi max. The conventional
PD-SOT and FD-SOI devices are planar devices, i.e., they are formed in the plane of the wafer.

[0006]  Itis noticed that remarkable progress has recently been achieved in PD-SOI

technology. Although PD-SOI devices have the merit of being highly manufacturable,
significant design burdens are faced by its users because of floating body effects. In PD-SOI
devices, charge carriers generated by impact ionization near one source/drain region accumulate
near the other source/drain region of the transistor. When sufficient carriers accumulate in the

floating body, which is formed right below the channel region, the body potential is effectively

altered.

[0007] Floating body effects occur in PD-SOI devices because of charge build-up in the

floating body region. This results in kinks in the device current-voltage (I-¥) curves, thereby

degrading the electrical performance of the circuit. In general, the body potential of a PD-SOI



floati ng body, which is formed right bel ow the channel region, the body
potential is effectively altered. [0007] Floating body effects occur in
PD- SO devi ces because of charge build-up in the floating body region.
This results in kinks in the device current-voltage (l1-P) curves, thereby

- degrading the electrical performance qf the circuit. In general, the body
potential of a PD-SO 3 device may vary during static, dynamc, or

transi eragvigeeﬁ{%)pe operation, and is a function of many factors |ike

t enper at ur'e, oYatr%\g‘g?ngcsﬁhﬁiﬂyflarﬂ’éwlt@gwmdﬂ‘dceswﬁetaﬁhh,@d iy sfuddtion off Mekyef or e,
circuit aolgﬁ({es'_gn using PD-SAO devices is not straightforward, and there is a
si gni f i CHRT Hrlemparatiiess valinge, caidoppaogyndRriBhg hACHP OV AVLQT ifc}g ™ o ati on
frombul k-Si design to PD-SO design. [0008] Oné traditional’ way to

suppr es slesigroesingitP-BOHYevidef &GloSstalbhBhHS ' s {0 ptovide ~an extra
el ectrical connection to the boczil)[/g by a%iaﬁgmgﬁgg%ﬁl lc?’g%f‘”ﬁlgr B for

Il ecti i ' . iani iQn, Vari t hods of Ki
c cont act Lo T he. body ooy b TR oh Pl & enignve PBoO derigous

di sadvant ages are known to be associated with these nethods. One nethod

for thel®0fipr eQmi torditivhalt wasy tSQAnpd | f is. to use a_ .
| i nked- body device st a?uvtb:?{ur e.ppkgagédé@,gbtgﬁg%&ng{sﬁ%gb?ssdllsqemcfséﬁ?Woﬂd%i gh

body coahagta di®&ical i ake et al., in US Patent No. 4,946, 799,
described a apr oces s@g%u%{ﬁ%?tggt%@@g&?mﬁ%8°nt‘f"6 tahe Pedy feperllegtinmmct i on,

where a.gQ region of .the same conductivity type as the body node is
formed W t%ﬁg&%tﬁéﬁ %:8]’085“&?%%0}1%@5&%@Olfnﬁ‘kmgﬁ@dmﬁatsnﬂmrbpdy bisS@ i m nati ng

the flo rtﬁsn{@ bokq%/ effects. In U S Patent No. 6,387,739 issued to G E.
Smi th | FPAYOTEFe Kiogmpbit Naripus disadventagesgre kmobady beassagtd fith Uetdthand@ar SO
transis%Pr i s described.

ne method for the suppression of the SOI floating-body effects is to use a linked-body device

structure. However, the method is limited by a high body contact resistance.

[0009]  Blake et al, in U.S. Patent No. 4,946,799, described a process for making a body node

to source node connection, where a contact region of the same conductivity type as the body

node is formed within the source region in a self-aligned fashion, thus eliminating the floating

body effects. In U.S. Patent No. 6,387,739 issued to G. E. Smith III ef al., a method for forming

a body contact structure for SOI transistor is described.

[0010] ° Another way of avoiding floating body effects in SOI devices is to adopt a fully-

depleted SOI (FD-SOI) technology. FD-SOI devices do not suffer from floating-body effects

due to the fact that the body is fully-depleted. FD-SOI technology is therefore design—friendly

since floating-body effects need not be accounted for in circuit design.

[0011]  Ina FD-SOI technology, devices with a low body-doping and/or a thin body thickness

are used. Additionally, for good control of short-channel effects in ultra-scaled devices, the
device body thickness is usually reduced to less than one third of gate length. Such a thin body

thickness would require raised source/drain technology for series resistance reduction. However
b



[0010] " Another way of avoiding floating body effects in SO devices is to
adopt a fully- depleted SO (FD-SO) technol ogy. FD-SO devices do not
suffer fromfloating-body effects due to the fact that the body is
fully-depleted. FD-SO technology is therefore design-friendly since

fl oati ng-body effects need not be accounted for in circuit design. [0011]
In a FD-SO technol ogy, devices with & 1 ow body-dopi ng and/ or a thin body
t hi ckne ed.. Additional ly, for good control of short-channel
effects %Sﬁdgélﬁ?ez@r%lga{?% 10 PEely PeHermeddyiselective apitaxii is kmestsrej expersiva) | y
reduced to less than one third of gate length. Such a thin body thickness
woul d r Baiﬁﬁn}-ger}sgy depgudesl rrdomadt msuit ineedwoed mgyuficIringSidl® Snh8&liSt 80E €
reduction. However, 4 raised source/drain formation, currently performed

by sel e&tlistrateewith andformiuttra-thiesi Glfs, a8 XRERS 1 y 4y dependent
and may result in reduced nanuf actur?qr’ﬁ:ig Vi efglédaﬁﬁgﬁgﬁtogggfﬂcgéem ubstrat es

W t h uniwfithraftathin dl Bkdouenti . required for. t nuf act ure of FD- SO
devices with ul tra?’t hi r?ﬁlggg)l%ﬁgarﬂeaggeu Bt H’ﬁfhﬁé}ﬂhﬁ g thigggssillf or mity of

the S {dmdhi.ckne il.l .result in significant fluctuations in the
devi ce char a{lf:{ﬂ%’? #%P?‘i‘&%h%}‘%@ﬁﬁ?%? ghar: ticstapénegat el wimpantdin dagedfur e.
[0012] U.S..Patent No. 6,222,234, issued to K. Inmai, describes a nethod for
the fabM2BYRFtB%- of FD SO and PD-SO devices on the same substrate. U S.
Patent No. 6,414,355 issued to An et al. described the structure of
si i cony@fni nsyka i i.th. an_active | ayer of non-uniform thickness.
u. S. Pa% g Noﬁ'%?%f‘éﬁ%l‘gi%zgéﬁe’as‘ieg t%k- kel fescrijesempthedifos thedataicativatofiods  of
form ngonsSddd cqn-on-j nsul ator chips with an active layer of non-uniform
t hi ckne&d” ééf@nﬁﬂ’gggo{ f5vices Qrethe sams, substra80l U.S uPrsdnt Bb 6, 4,35 5tisgedcth e ent
silicon Ii I mthicknesses is provided, where the FD-SO devices

al. described the structure of silicon-on-insulator chips with an active layer of non-uniform

thickness. U.S. Patent No. 6,448,114 issued to An et al. described several methods of forming
silicon-on-insulator chips with an active layer of non-uniform thickness. In these three patents, a
SOI substrate with two different silicon film thicknesses 1s provided, where the FD-SOI devices

reside in a region with a thinner silicon film, and the PD-SOI devices reside in a region with a

thicker silicon film.

[0013]  Figure 2 illustrates a prior art integration of FD-SOI and PD—SOI transistors in the

same chip, where FD-SOI transistors 12 are formed in a thin silicon layer 14 and PD-SOI
transistors 16 are formed in thick silicon layer 18. The silicon layers 16 and 18 are both formed

directly on a buried oxide 20, which is directly on a silicon substrate 22. Active areas 24 within

the silicon layers 16 and 18 are separated from one another by isolation regions 26.

[0014]  Other techniques have also been used to enhance transistor performance. For

example, strain may be introduced in the transistor channel for improving carrier mobilities.

Therefore, strain-induced mobility enhancement is another way to improve transistor

performance in addition to device scaling.



reside in aregion with a thinner silicon film and the PD- SO devices
reside in aregion with a thicker silicon film [0013] Figure 2
illustrates a prior art integration of FD-SO and PD-SO transistors in the
sanme chip, where FD-SO transistors 12 are fornmed in a thin silicon |ayer
14 and PD-SO transistors 16 are forned in thick silicon layer 18. The
silicon layers 16 and 18 are both f or Red directly on a buried oxide 20,
whi ch i Er ect | a silicon_substrate 22. Active areas 24 within the
sili consi(l)ﬂ?/]er sﬁﬁ%‘e g‘%&"“f@ stpin 1 s channshis intendnesd eftenibe tvsistoy isi fmdedt fnon

regi ons 6.%00&4] .Gt her techniques have al so been used to enhance

transi stop HEPACEAHgEressHgm 32dx k@pves rreampled yrafstorRiri @6y 86 ths iskbwishe
transi st,org. Ch?inrr%i?nlg for inproving carrier nobilities. Therefore,

strai n- ithdigeed . plirdssor 32 ilea nigehipinétres & fimmn @k e i ove, t nansi st or
perfornmance in addition to device scaling. %5}% St%%étq?%ﬁg%eo\ﬁg%epg%%h
strain i3, mbdifydpanagliconIatli Qgﬁ the tyansjstar is formed., In
this approach,” a high dg??tgtgsiébfl ﬁgli@‘lgﬁsag#%ﬁ%odl%v@dt USABFIAUEng 8Tt Bnsi st or
structur in Fi.gure 1. The stressor 32, i.e., the high stress
film eiger %2“%?%%???*@2%? Sty i £ T tha Yssenismierd abgye theoolinplyfepipnathe
silicontIaL%ic? sgacing in the channel region 34, and thus introducing
strain if -t HeCHERNERCh Bigluges aspurcad4 shdmrraimd SHbguiden dilicérhegish BESAOT | S

pl aced above the conplete planar transistor structure, which includes a
Sour ce FA'caid erlir demeB@ ghosiTead isncaidtt COBeaELaf et OA! GidlRyfver| i es
channel region 34 and is separated therefromby gate dieleciric 42.

Si dewal Ispacspées bd tnchmbd Bad uded By . . .This sche
described in detail in ab(gasgféaby A.msﬁﬁﬁﬁzlﬁgg%cggﬁ?dgﬁ%F‘[E}%a@eﬁr%

mechani Ghmish L3S e RS “1 calldiddiic strr]e%\évcgrﬁgoT al,l\ﬂa)e afngvrv technique for CMOS

| S
al

performance enhancement,” published in pp. 433-436 of the Digest of Technical Papers of the
2001 International Electron Device Meeting. The strain contributed by the high stress film is

believed to be uniaxial in nature with a direction parallel to the source-to-drain direction.



per f or mance enhancenent," published in pp. 433-436 of the Digest of

Techni cal Papers of the 2001 International Electron Device Meeting. The
strain contributed by the high stress filmis believed to be uniaxial in
nature with a direction parallel to the source-to-drain direction. 6
SUMVARY OF THE | NVENTI ON [ 0016] In one enbodi nent, the present invention
provi des a method and systemthat ovércomes the shortcomings of the prior
art, and provides a highly nmanufacturable PD- SO -1ike technology that
produces_FD-SO type devices to elimnate floating body effects. O her
embodi ﬁHWéRYtQ%THH\IHNEMmONr ovi de a novel transistor geonetry to nagnify
the effect of high- stress filmon the channel strain. The present

di scl os ogltealches met hod, of form ng such a  transistor. [0017] In

accor dahce™wi t i °5° g sédheprtsat imsention pravides pmethedend systemttiaon, a
silicon-on- insulator (SO) chip includes a silicon layer of a

pr edet ePYRIGRERFS thei sbrmeonsngs\od teyiringargand powlda Ohighl B factirabi PO RHERIQAt €
fully-depleted SO MOSFET including a strained channel region is ormed on

a fir st tedrdégyrthabrddaes -g nl: ' FET ipcluding a
v civols S S0DGpe dblftes lﬁlﬂﬂ@ﬁ?ﬁﬁgﬁ%b%@e{%g&s ‘?‘Frcon ?ayer.

strained channel region fornmed on anot por

For exasmb&ii FET .can .be a planar ful]ly-depleted SO
(FD- SO ) Noéﬁéﬁggﬂﬁhgﬁ‘g&%@%?&% POYRSRRSSIOL R t%>’é?ff¥f%ﬁf&i¥he effect of high-

partial [y- leted SO (PD-SO) MOSFET. [0018] In accordance with anot her
preferr (%%esgejﬁg%a? ﬁ’ﬁﬁ&‘”&?l SRE- dpepwesnt discleswrs sachesmmsibbd ofdhingng sichudi ng a

mul tiple-gate fully-depleted SO MOSFET has an insul ator |ayer and a

si | i con"4§Proyer | ying a portion of the insulator |ayer. A strained channel
region formed in a portion of

[0017]  In accordance with a preferred embodiment of the present invention, a silicon-on-

insulator (SOI) chip includes a silicon layer of a predetermined thickness overlying an insulator
layer. A multiple-gate fully-depleted SOI MOSFET including a strained channel region is
fonned on a first portion of the silicon layer. A planar SOI MOSFET including a strained
channel region formed on another portion of the silicon layer. For example, the planar SOI
MOSFET can be a planar fully-depleted SOI (FD-SOI) MOSFET or the planar SOI MOSFET

can be a planar partially-depleted SOI (PD-SOI) MOSFET.

[0018] In accordance with another preferred embodiment of the present invention, an SOI

chip including a multiple-gate fully-depleted SOI MOSFET has an insulator layer and a silicon
fin overlying a portion of the insulator layer. A strained channel region formed in a portion of
the silicon fin and a gate dielectric layer overlying the strained channel region is also included.
A gate electrode is formed on the gate dielectric layer and a source region and a drain region is
formed on portions of the semiconductor fin adjacent to the strained channel region, such that the

source region is separated from the drain region by the strained channel region.



the silicon fin and a gate dielectric |ayer overlying the strained channel
region is also included. A gate electrode is forned on the gate dielectric
| ayer and a source region and a drain region is formed on portions of the
sem conductor fin adjacent to the strained channel region, such that the
source region is separated fromthe drain region by the strained channel
region. 7 [0019] Anot her enbodi nent 5rovides a nethod of formng a
silicon-on-insylator device with a strained channel. In this nethod a

si | i con-BH% nstireibacmbotimenigreviddatmdthel ofdaming Sdilidos QR-ih@es deA¥ERKYi Ng an
insulator layer is provided. At |east one active region is defined in the

si | i con dsayiaed chanaalnahid inetRE bisilRoh-BY Ssulafr QS ' hlyeregi on and
a gate electrode is forned on the gatesugiéFegﬁggg&ﬁg§g%§%égﬁp%gygnd drain

regi ons ovafyihdinhie |- AGe to the gate.el.e¢gtrode and_a
high-streggwf$lnfbo&%?ég?ﬁg gé%@'gﬁg?‘Fgﬁé?gﬁaﬁ?£ﬁsﬁﬂéﬁgﬁwhaﬁaaaﬂawn

regi on. : f or.egoi ng. has outlined rather broadly the features and
t echni ca’f g%gl]glﬁgtgigéagerd? 9‘1‘?}8‘9 mﬁﬁ“e%félﬁ? ISgRPcARE 2 BAte elactondd ey fotthat ort thegadet ai | ed

descrip%gqn of the_invention that follows nmay be better understood.
Addi t i orfSfCHEIRYRE e Soustrchnd dreamtegipes canfthérhies formveantijacmt w the gi€el8amRAE hied
herei nafter which formthe subject of the clainms of the invention. It

shoul d Hughetssseltlimatoeets thy phiseRetrsde idu%ireéi@n,%ﬂ@?xﬁi‘lh_ ez%é}?t the conception and
111

speci fic enbodi nent di sclosed may be readily u as a basis for
nvdifyiq gt d$€ipning ot her structures or processes for carrying out the
same pur g"& s 8% Orgenp hasetlinel miarbraadly the festores kit tabiskrabalva@asds sete by
those skilled in the art that such equivalent constructions do not depart

]; Ir g{n rr;[s hé)8r@s§mtrim{enﬁ¢1dn Sulspthanthe détalddieexibtionofabe Hedntib@ihProliBwl hey Bopgaded
" understood. Additional features and advantages of the invention will be described hereinafter
which form the subject of the claims of the invention. It should be appreciated by those skilled
in the art that the conception and specific embodiment disclosed may be readily utilized as a
basis for modifying or designing other structures or processes for carrying oﬁt the same purposes

of the present invention. It should also be realized by those skilled in the art that such equivalent

constructions do not depart from the spirit and scope of the invention as set forth in the appended

claims.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0021] For a nore conpl ete understandi ng
of the present invention, and the advantages thereof, reference is now
made to the foll ow ng descriptions taken in conjunction with the
acconpanyi ng drawi ng, in which: [0022] Figure 1 shows a prior art planar
transistor with a strained channel; [0023] Figure 2 shows a prior art
integration of PD-SO and FD-SO transistors in the same chip by using a
silicon-on-insulator wafer with nultiple-thickness silicon |ayer

t hi ckne : 0024] Fiqures 3a-3d illustrate partially depleted SO
transi sﬁ%@?ﬁm(ﬁé}’tmw%ﬁéﬁ@)&d\?@%transi stors of the present invention;
[ 0025] Figures 4a and 4b each provide a map showi ng the region of PD SO,
FD- SO, j -gate transistors_as a function of wwdth Wand | ength
Lg for I&gdl\/[%] (E}ﬂélﬁdr‘gl’r a‘% mgﬁlf ungﬁ%n‘%ﬁg @Uﬁ%P‘&EPPt nvenensndihe adyap026y Fi gure 5
shows tt}g t(g: e%hdi mensi onal perspective of a strained-channel nmultiple-gate
t ransi st'oY Bf CHHECE Fow Wedstio Bt follnwipg desseriptionsiakert ih oorjulc@82%]th Begur es 6a
and 6b provide charts that show that the strain-induced drive current
enhancerféfRmpagying drasasg ¢h whick:he channel width is reduced; [0028] Figure 7
shows the three-di mensi onal perspective of a strained-channel nultiple-gate
transi st[?(; }A/ne e the silicon fin has rounded corners; [0029] Figure 8a

02}3 Vi

shows a t5upsr | $hewa @ prgeart plaies fransistari withcaostrainedighafinel{ 0030] Fi gures 8b
and 8c provide cross-sectional views of the active region or silicon fin

[0023]  Figure 2 shows a prior art integration of PD-SOI and FD-SOI transistors in the same

chip by using a silicon-on-insulator wafer with multiple-thickness silicon layer thicknesses;

[0024]  Figures 3a-3d illustrate partially depleted SOI transistors and a fully depleted SOI

transistors of the present invention;

[0025]  Figures 4a and 4b each provide a map showing the fegion of PD-SOI, FD-SO], and

multiple-gate transistors as a function of width W and length Z, for NMOS (Figure 4a) and

PMOS (Figure 4b) transistors;

[0026]  Figure 5 shows the three-dimensional perspective of a strained-channel multiple-gate

transistor of one embodiment of the present invention;

[0027]  Figures 6a and 6b provide charts that show that the strain-induced drive current

enhancement is increased as the channel width is reduced;
[0028]  Figure 7 shows the three-dimensional perspective of a strained-channel multiple-gate

transistor where the silicon fin has rounded COINers;

[0029]  Figure 8a shows a top view of an active region or silicon fin;



showi ng the rounded corner with shallow trench (Figure 8b) isolation or

wth nmesa isolation (Figure 8c); [0031] Figure 9 provides a chart that

shows that the stress in channel increases with reduced silicon film

t hi ckness and reduced gate |l ength; [0032] Figure 10 provides a chart that

shows that the stress in channel increases with reduced spacer wi dth and

-reduced gate length; [0033] Figure 119%hows a cross-section of the

sem conductor-on-insul ator starting nmaterial; and [0034] Figures 12a-12j

provi de (8438 s- Kigeies 8hand §dpstideatrongediopslotassftl-aninfreapocnhedisgent  of

the pr e:s{;lnt invention. 10 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBCODI MENTS

[0035] Thewpgdsantndedvanérvith shslld ' ri | plications Seri al

No. entitled "Strai ned- Channel Nuyﬁri&%ﬁggl%‘gf(eg&f?%%g%n&?ﬁ@,meﬁ’Isglatlcf{bvenber

26, 2002F(pghttgey;ney Docket 2002-0895) and Serial No. 10/319,119 entitled

"Sem conductor-on-Insulator Chip Incorporating Partially-Depleted,

Ful | y- ng(l) eted, and Miultiple-Gate Devices", filed Decenber 12, 2002

( At t or nd03mbc k Bigu2®0 e d8659) chah&RE ' L. oRn, provide
Ho%vs Bat thB SRk gxscgl el &XI%Q%C% glﬂh ?eﬁlglceélr esent

i nprovenents. [0036] For exanple, the preferre bodi nen

i nvent i osilidoR &G @Scl@edtBh (% itecture to incorporate
partiall y-depl et ed %O (%%9%8 ategénn ully-depleted SO (FD SQ)

transistors in the sane chip, and, to provide enhanced strain effects to
i nprove [B@R} i eFignmhiillfirbiies a chadihaeskbrethREhE HdBACHaidd HLELids SGRLEd Jevi ces.

Unli ke other devices that utilize different silicon
spacer width and reduced gate length;

[0033]  Figure 11 shows a cross-section of the semiconductor-on-insulator starting material;

and

[0034]  Figures 12a-12j provide cross-sections illustrating a process flow of one embodiment

of the present invention.



t hi cknesses to the achieve FD-SO and PD-SO transistors on the sane chip,
the preferred enbodinent of the present invention enploys a PD SO
technol ogy while inplenmenting FD-SO transistors by rearranging the
transi stor geonmetry, or by configuring the channel doping concentrations
to achieve full transistor body depletion at sel ected channel |engths or
channel wi dths. In this manner, it i$0possible to provide FD-SO and
PD-SO transistors with simlar silicon body thicknesses. [0037] Two types
of FD-SO_ transistors are provided on the sanme chip: a planar FD SOl type
transi sOSTAUREP dRICRINEINOF S0LUS TR ATIVE ERIBEEsIMENTES t he silicon thi ckness;
and a non-planar nultiple-gate transistor or FinFET-1ike FD SO

transis 0%% mj.el?%h makes use of a novel device geonetry to elimnate

f1 oati ni, Yoy SFESER inyentionein eslatpd tosppendingapriichtions Sersd Nbor s have wi dt hs
of nore than 50 nm while non-planar fully-depleted nmultiple-gate

transi seitied Svained-GhenseldMuliiple Gatet Tradsih", ied NdvenRORBboBARGSRAELS Of the
preferred enbodi nent of this invention are nore clearly illustrated in

Fi gur es ek 0000895y gt Stiaiidh 11045 [ PALRPR*SAldntu AGRL &y St T ansT stor's

and fully depleted SO transistors present 1 nve

ful ly- degly b PR S! | e b_uses .a | ow body doping so that the
nmaxi num d e%ltoga?llng n %ﬁ%}? ?1)% l‘sjé{i’glrl:1 ngﬁep lrs‘?ﬁﬁ’ qrﬁg\(/iglpg]e-é%ﬁe PeiiceR ndiled Regerabeni eve
full- dqgl@bgf& The f lf(létlrz\g]-pdegl eted transistor of Figure 3d uses a novel
geonet ry-t kP pHReC R e Aspests of theepreseridyentiorf previde fmpoometierts si des
of the silicon body to achieve full body depletion. [0039] Super-halo

| dopi ng q4vde)l | OfYr e?ﬁgﬁie,qﬂ@f)ﬂgﬂrr% &ntgo%f’ﬂlglq %fl th% %re%gn Iirgf\égtiolrzl[’c)éa%%s a%rl]ectlholzl[a){ng .
architecture to incorporate partially-depleted SOI (PD-SOI) and fully-depleted SOI (FD-SOJ)

transistors in the same chip, and, to provide enhanced strain effects to improve carrier mobilities

and device performance in ultra-scaled devices. Unlike other devices that utilize different silicon
thicknesses to the achieve FD-SOI and PD-SOI transistors on the same chip, the preferred

embodiment of the present invention employs a PD-SOI technology while implementing FD-SOI
transistors by rearranging the transistor geometry, or by configuring the channel doping

concentrations to achieve full transistor body depletion at selected channel lengths or channel

widths. In this manner, it is possible to provide FD-SOI and PD-SOI transistors with similar

silicon body thicknesses.

[0037]  Two types of FD-SOI transistors are provided on the same chip: a planar FD-SOI type

transistor where the depletion width is larger than the silicon thickness ; and a non-planar
multiple-gate transistor or FinFET-like FD-SOI transistor, which makes use of a novel device
geometry to eliminate floating body effects. In general, planar FD-SOI transistors have widths

of more than 50 nm while non-planar fully-depleted multiple-gate transistors have widths of less

than 50 nm.



devices at different gate |lengths, as shown in Figures 3a and 3b. Referring
first to Figure 3a, a partially-depleted transistor device 100 is forned
over a buried insulator 110, while not shown, the buried insulator 110 is
formed over a substrate, e.g., an undoped or lightly doped silicon
substrate. [0040] The buried insulator 110 is typically an oxide such as
silicon dioxide. Oher insulators, sbth as silicon nitride or aluninum
oxide, may alternatively be used. In sone enbodinents, the buried

i nsul at §1038an Gongpts ofthegprafeaekertodlnhebSthis@n@ntioriile ﬁféted&eaﬂg hltu"sér&!éq nOxi de
stack. [00411 Transistor device 100 is fornmed in a sem conductor layer 112

and i nclFyaes 333808 ﬂ"f’zf‘l? 11

overli esigg channel @%%Bilﬁcgfllﬁghi%%a ara edgplg{?grsg %%?ﬁks’? @ar&%‘@%@g@ g(,sékl):’lll c 122.
130, o SaPERe GUgaETaREn Bl dbadiensiieof Piaer 3t b by ok b
formed i,n .t he garre sem conductor |ayer 112 as transistor 100 or in a

di f f er e APPIB&SA tha e aadmun slppletion width is ladget then Srstsiliceh frickness tomdive fullt he same
chips. 12 [0043] One feature is the design of the super-halo doping 140 in

Fi gure Zepleton. dbehillg-dopibied traieisioref Flrd 3d UstilReRR ))m@ﬁ‘ﬂto' dlIgRnody dopi ng
142 such that the effective doping concentration ~ of e transistor body

decr easescraghinbi@ of t@clle&ﬁgﬁad'ﬁ%n{ A€ Exﬁm%sﬁﬂ%n§8@0@§ lgi (gg@% (81 lon in the

super-halo region 140 is in the range o out 1“2x1019
dopant s gRgikiidpubi ¢ centinmeter. The doping concentration in the lightly
doped bog@ region 142 is in the range of

[0039]  Super-halo doping and light body doping are designed to achieve FD-SOI and PD-SOI

devices at different gate lengths, as shown in Figures 3a and 3b. Referring first to Figure 3a, a
partially-depleted transistor device 100 is formed over a buried insulator 110, while not shown,

the buried insulator 110 is formed over a substrate, e.g., an undoped or lightly doped silicon

substrate,

[0040]  The buried insulator 110 is typically an oxide such as silicon dioxide. Other
insulators, such as silicon nitride or aluminum oxide, may alternatively be used. In some

embodiments, the buried insulator can comprise a stack of layers, e.g., an oxide, nitride, oxide

stack.

[0041]  Transistor device 100 is formed in a semiconductor layer 112 and includes a source

region 114 and a drain region 116. A gate 118 overlies a channel 120 and is separated therefrom

by gate dielectric 122.

[0042]  Similarly long-channel transistor 130 includes a source 132, a drain 134, a gate 136,
and a gate dielectric 138. The transistor 130 can be formed in the same semiconductor layer 112

as transistor 100 or in a different semiconductor layer e.g., a different island or mesa on the same

chips.



about 1x1016 to about 1x101% dopants per cubic centineter. [0044] In Figure
3a, the high super-hal o doping concentration 140 in a short-channel
transistor 100 results in a nmaxi num depletion width that is snmaller than
the silicon film112 thickness, and the transistor body is therefore
partially-depleted. As the gate 118 |length increases, an increasing
portion of the body region is constitlded by the lightly doped body region
142, and the effective body concentrati on decreases or the maxi mum

depl et i dAO43} dt Rne featgredadesiesipmofthgsiper-Bdlo dégie: 140n8 FROAND j;stor 130
has a |ight body-doping and a maxi num depﬁgg%on mﬁg$h tﬁgvkhggﬁg§ger t han

t he sil idopmgfldd mFL gk : t LSt or-hody. is fully- depleted.
[0045] Referring néolgvetio) Fi gglﬁ)gdgg%é%ﬁ%& Flag%%tts( {llee%ffe\?\g‘ﬁfy(%()Blnﬁ(‘f?ﬂcgé@“f’%}OI

depl et i QI tlient i dy.is to.allowthe electric field lines to
encroach f reo?\h%lﬁgr iolrdgg gérg%s&{ ?ﬁgﬁ)ﬁ %gr}g?@@ Brgeaisd. Hiy doping eonseniistion inttheansi st or

geonetry, eferri.n ow,to Figure 3c, a transistor 150 is fornmed over a
buri ed isr‘%%%ﬁ’%@c{%“"gh‘g) IBH’rfg%ePngmﬁﬂbavtdm(i‘gm abant 2xi@Y dopnamyr abict he |
characteristics described above with respect to insulator 110 and may be
formed SFRHIEebdhe demng wmesndratioreindheslighsiyidoped tRBPWEioN 1uh iR ARGGee b Fi gures
3a and 3b equally applies here. In this device, an active semconductor

| ayer regbwerx1B5t sbohtuses's aoﬂaﬁg)pe{&ﬂicq:@néﬁémand a depl etion region 156. The
active region 155 is isolated fromthe other active regions by isolation

region 158  This isolation 13 region 158 is preferably a shallow trench
i sol at i dfP4¢sT In Figyr dm.th high suparitds ddptngonbatra@ eI in b SRadHaeHa] St T UCt ur es
may be used. [0046] A gate electrode 160 is formed to surround the
t r ansi sttegpsigiot 100eresdiyiinnd makingim ddpleBion width that is smaller than the silicon film 112
thickness, and the transistor body is therefore partially-depleted. As the gate 118 length
increases, an increasing portion of the body region is constituted by the lightly doped body
region142, and the effective body concentration decreases or the maximum depletion width
increases. In Figure 3b, the long-channel transistor 130 has a light body-doping and a maximum
depletion width that is larger than the silicon film 112 thickness, and the transistor body is fully-
depleted.

[0045]  Referring now to Figures 3¢ and 3d, another way to achieve full depletion in the

transistor body is to allow the electric field lines to encroach from the sides of the &ansistor body
by using a novel transistor geometry. Referring now to Figure 3c, a transistor 150 is formed over
a buried insulator. The buried insulator 152 can include any of the characteristics described
above with respect to insulator 110 and may be formed on a substrate, where the discuéé%on
above with respect to Figures 3a and 3b equally applies here. In this device, an active

semiconductor layer region 155 includes a body region 154 and a depletion region 156. The

active region 155 is isolated from the other active regions by isolation region 158. This isolation



channel region. Accordingly, an intentional recess 162 is fornmed within the
isolation region 158 so that the sem conductor |ayer 155 incl udes

sidewal | s. The gate el ectrode 160 is adjacent to the top surface as well
as the sidewalls of active layer 155. A gate dielectric layer 164 is forned
bet ween the gate el ectrode 160 and the active |ayer 155. [0047] The source
and drain regions of the transistor dbvice 150 are not shown in the
iIIustrati.onbﬁgf_ Figure 3c. In this case, the channel current flows into and
out of tre&opE§eas praferably o shslidvi trer@h €50 UlGe/1p 3l jons.will be

| ocated in a plane above the page andm%l@%{éﬁ{grﬁ' I%?&&éégﬁnt agog’le’éme bel ow
t he pagésoldtof$BictirdsgitydeddeSNOWs a similar structure for a FinFET-1ike
transi stor device 170.” Like elenents fromFigure 3c have been | abeled with
the sane reference nunerals. In this case, the active sem conductor |ayer

i s thin @48} ngAghte elsctehdetl 60 befofnud iy sﬁﬁﬂh@E%Qraniiggr%iﬁ%gilo%\,eﬁgﬁg of the

novel transistor geonetry is the intentional recess i sol ation

regi on Th&nelasgishoxdof i ; .The ar .partially-depleted
transi st or 250gl of Fi()g%;g?’%gE[ﬁég%gal\?m&%%%gﬁ%{énf’g‘l %&ﬁt@ilﬁgﬁwnfm 15Re

maxi num i . wd Wimgx. . When the active region wdth W(see
Fi gure 383?&% @E F%@ﬁé:ngé&?rola}'eéé% Pﬁﬁﬁew@%ﬁ@.h@e@@m edactrode 160ds imljackmtyethei n t he
body, th glglte field encroaches fromthe isolation edges and elininates the
undepl et S HBERA MEYitd e stdawalisnf antiteilaygr § ffe Aleatt dieleofricFiygHT @ i3thrbbd | Y
depleted. [0050] The resulting FD-SO device has a non-planar geonetry and
is a rrulbﬁvﬁpléﬂlgggteelectminslb&hﬁthmlaarvelziyhﬁlgggate el ectrode 160 surrounds the
transi stor body 156 on nultiple sides: the 14 tw sidewalls and the top

sur f ace. hawi ng a electrode 160 that surrounds the transistor
[O(Ei}/] e Wue gnag deram regions of the transistor device 150 are not shown in the

illustration of Figure 3c. In this case, the channel current flows into and out of the page. Asa

result, one of the source/drain regions will be located in a plane above the page and the other

located in a plane below the page.

[0048]  Figure 3d shows a similar structure for a FinFET-like transistor device 170. Like
elements from Figure 3¢ have been labeled with the same reference numerals. In this case, the

active semiconductor layer is thin casing the body to be fully depleted.

{0049]  One feature of the novel transistor geometry is the intentional recess 162 in the

isolation region 158, as shown in Figures 3c and 3d. The planar partially-depleted transistor 150
of Figure 3¢ has a width that is much bigger than the maximum depletion layer width W e,
When the active region width W (see Figure 3d) is reduced to less than twice the deplétion width
layer in the body, the gate field encroaches from the isolation edges and eliminates the

undepleted body region, thereby making the device of Figure 3d fully depleted.

[0050]  The resulting FD-SOI device has a non-planar geometry and is a multiple-gate

transistor where the gate electrode 160 surrounds the transistor body 156 on multiple sides: the



body 155, the nultiple-gate transistor allows the encroachnent of the gate
electric field to the transistor body in the lateral direction, thus
enhancing its ability to control short-channel effects. [0051] The
preferred enbodi nent of this invention teaches a unique way of
incorporating PD-SO and FD-SO transistors on the same chip using the
same process technology, with a distt bution of FD-SO and PD- SO

transi stors according to transistor dinmensions. Figures 4a and 4b show t he

di st ri b&e sdevedlls abdthPRPSQHa@RN S ~ ' s accor di to the active
region wi dth Wand the transist ﬁa?@ %%%%&%1%&4_68.66E}agsﬁlpgu%gg‘ﬁrt‘iﬂ}?‘ﬁ%% dat a

for NMOBodedsces _Fl . 0 data for P devi ces. These figures
provi de gﬁi}enap shg\%i ée gﬁ%“é@bsﬁg%ﬁg‘?%ﬁ@%aCLW?%ﬁgﬁ%gm glegtye feld tet on) |

convent i transistors (white region), and nultiple- gate
transi s?%?%gt?lﬁr?af%}l%h%@ﬁg}%@@&t \S cabativéng lb@kglit)ets cantfolistwkt-chanmef effdcdt h Wand

length Lg for NMOS and PMOS transistors. [0052] Planar PD-SO and FD- SO

transi sfuoss t yh IEME ' egi 0 idth of .nore than 50 rim while
non- pl anar qrrul t ieg?‘%f%ﬂgf%t ef Sﬁ?%/nlt %@B{%‘?’&B{?‘Bﬂaﬁ?ﬁlgylcgleg@m@f@pqnyom@@ active

region pyy. fer. than 50 nm The results in Figure 4 are obtained from
an experi rrgej?t[]an\%ﬁ?r géf W)ﬁﬁg’f%‘i S sagecchipsitiedha sathe picasy tah6BogywitRa SO - based

processg\i\fng;bﬁagtbn mnal gate length of 45 nm a silicon body thickness of

40 nm D580y ang E’IPTS@Atrgmmreh@btdir(gdeﬁansisforﬂﬁﬂ&%ibmigd}&sléf i ded gate
oxi de, and cobalt-silicided source/drain and gate. [0053] The PD- §O| region

i's snal Bed 4f howrhedisnbetiont o RS BE0 gnd F SO §afBlort R0l Q% f GAAANe!
transi stors (Figure 4a) because the inpact ionization I'Rduce be?r asitic

bi pol ar regdn widthi 5 2@ 8k Sandidlor el | g.ransistars., The transition from PD
to FD-SO occurs as the gate %gngtgg ?% fi&%ug? gaa%rggfies qaﬁr}%ﬁimscﬂ?,"mﬁsrﬁé\d

non- pl am i < il L.tiiple-gate transistors are obtained at snall
Wt E @g’urd: AP RS hétggor%\/[é@dew es. These ggures provide a map showing the region of

PD-SOI transistors (gray region), conventional FD-SOI transistors (white region), and multiple-

gate transistors (in region enclosed by dashed box) as a function of width ¥ and length L, for

NMOS and PMOS transistors.

[0052]  Planar PD-SOI and FD-SOI transistors typically have active region width of more than

50 nm, while non-planar multiple-gate fully-depleted transistors generally have active region

width of less than 50 nm. The results in Figure 4 are obtained from an experiment where

transistors are fabricated using a 65 nm PD-SOI-based process with a nominal gate length of 45

nm, a silicon body thickness of 40 nm, dual-doped poly-silicon gate electrodes, 14 angstroms

nitrided gate oxide, and cobalt-silicided source/drain and gate.

[0053]  The PD-SOI region is smaller for P-channel transistors (Figure 4b) than for N-channel

transistors (Figure 4a) because the impact ionization induced parasitic bipolar action is weaker in

P-channel transistors. The transition from PD- to FD-SOI occurs as the gate length is increased.

In addition, the non-planar FinFET-like or multiple-gate transistors are obtained at small width

W, typically less than 50nm. Wide-channel devices with smaller gate length Lg are partially-



W typically I ess than 50nm Wde-channel devices with snmaller gate |length
Lg are partially 15 depleted, showing a characteristic kink in the drain
current |IDS versus drain voltage VDS curves. As Wis reduced, transition
fromPD-SO to FD-SO occurs and the characteristic IDS- VDS ki nk

di sappears. [0054] It is clear that the advantages of PD-SO and FD- SO can
be combined by using transistors witk different conbinations of Wand Lg.
For exarcrlpqlée,(gmglen converting a circuit design for bulk technology to a

ci rcui t depdetbdyshdving SlardceeiBMOtifg i the fiak Il f ireuits may
enpl oy FD-SO devices to achieve m ni rrgllcg?%%g%ivtﬁ}gseﬂgré@ Vggt%clf”ém\%?sl e the
remai ni &g W Basducen i b1 GH enpl oy .PD- SO devices. For exanple,
the critical port i’gﬁ@%@?ﬁ‘gmmlgﬁ?ﬁ?%?gp‘i%%mgec R&teHefcdps Euikink and
dynam c ggl pghy'sts. [ 0055] The quasi - pl anar device structure or geonetry of
the multiplle-gate FD-SO transistor wll now be described further. Figure
5illustrates a three-dinensional view of a nultiple-gate FD SO

transi s{ms4] Thigisetat i tBe &ﬁffa&aggs}fgg)édlaa}r{&hétﬁ E?Ql?a%g ate el ectrode 160 on

top of a gate dielectric |aye coveri SHAYIUSIngs wel | as

the topugfsi LA i ti,ve regi 155. The gate dielectric 164 straddles
acr oss them%)r%ng!f}%%ng%ﬂ?mﬁa“g?g?ﬁ%@i& fHonexpgmlep whemeonverting 8 oirduiice 178 and

the two si.defgatlg 176 of the fin or fmlike active region 155. The gate
el ect r o4e1EM B0V techpalgy ton cirevt dgsige fatiSEl echndlagyl&icabiosondloa i icRehi@r ound
the fmlike active region 155. Effectively, the gate el ectrode 160 forns

three g&¥STPPYHILS@Lddvices o-aghibe: @RNhaTIoan RS B UB1d dace 178 of
the fm 155, and one gate on each of the tvvogg?i gevval I's 17% roe %{{%Ifég’afi n 155.

[00s 2] huhion s ﬁngnsgﬂagyg&ﬁélbppnfsdﬂ deiles"FLELLALR, R LT DodsnSid i SOn

circuits may include analog circuits and dynamic circuits.

[0055]  The quasi-planar device structure or geometry of the multiple-gate FD-SOI transistor

will now be described further. Figure 5 illustrates a three-dimensional view of a multiple-gate

FD-SOI transistor. The multiple-gate FD-SOI transistor has a gate electrode 160 on top of a gate

dielectric layer 164 covering the two sidewalls as well as the top of a fin-like active region 155.
The gate dielectric 164 straddles across the fin 155, wrapping around the fin 155 on the top
surf;ce 178 and the two sidewalls 176 of the fin or fin-like active region 155. The gate electrode
160 is formed on the gate dielectric 164, also wrapping around the fin-like active region 155.
Effectively, the gate electrode 160 forms three gates in the multiple-gate device: a gate on the top

surface 178 of the fin 155, and one gate on each of the two sidewalls 176 of the fin 155.

[0056] Shallow trench isolation filling materials 158 such as silicon oxide, as shown in Figure

5, may be used to fill the trenches surrounding the silicon fin 155. However, other isolation
techniques, such as mesa isolation, as an example, may be used. When mesa isolation is used, no
filling materials are used to fill the space surrounding the fin 155. It is noted that the source 172

and drain 174, which were not visible in the views shown in Figures 3¢ and 3d, can now be seen.



5, may be used to fill the trenches surrounding the silicon fin 155.
However, other isolation techniques, such as nesa isolation, as an
exanpl e, may be used. Wien nesa isolation is used, no filling materials
are used to fill the space surrounding the fin 155. It is noted that the
source 172 and drain 174, which were not visible in the views shown in
Figures 3c and 3d, can now be seen. 18 [0057] Figure 5 al so shows the gate
spacer 180 that surrounds the gate 160. The gate space has a spacer wi dth

82. Th B ' 60€§, h !
1 ThEpogt e Eibwe Shiss skovgahegdiegatd 1%(3*\”&,3% %ﬁ?%ogﬁaégﬁ @F%ngg%%{gy[?%s@a&””e

| ength of the transistor. The channel Si ze of

t he expasedsphé ; I 7 surface .178 0058] The novel

transi st or gpeodrﬂrewiiéritgqg\%ctlﬁogaglega%toégg%éﬁggeﬁg{g(}l%?‘r’ewc}’oc}ete{ni‘}@e? %‘W/%WPP n not only
provide%mEQ&ﬁhﬁﬁzgncgo hnﬁnt of  electric field lines fromthe sides of the
transi stoP t o ObrArnoF ul e Ch#ngal widikis detrrminedty the sizanfdrecarosshfin sidewalanel

i nmuni t){ bql#mal sQ provides for enhanced strain effects. The enhancenent
of straithe? R 8 face 4fsi st or per f or mance i nprovenent provi des one feature
that can be incorporated with the present invention. [0059] The novel

devi ce gg@getryhéﬁ‘;st.%nbodinents of the invention groyides for enhanced
strain ot s° K509 aBiEior seqmetrhpearding:to dhis prabadiant piie wiveitoomobally and a
stressor is, increased by allowing the stressor to contact the silicon body
on the STY&Rafarshegmeropehnasnt piednstrictfttl lineddrom the sitidstof e tahestbrts BRI

i nfluence of the stressor on the active region, strainin a strained

channel bedwdeplesion and/er cevheedshdrt-chitins] fBSRHHyOBLE as ploklduShf algkel Rk e, C! €arly
in a three- dinensional perspective of the nmulti pf)e-gate transistor in

Fi gur e bffedi¥ eTist dnBSROment @@st&%—imﬁgéeey\é aﬁﬁ&&raé‘e%nﬁﬂ@ef- I&I&EOVS yriace c?e];siohp €

silicon fin 155, but also the si surfaces o et DI

feature that can be incorporated with the present invention.

[0059]  The novel device geometry of this embodiments of the invention provides for
enhanced strain effects as follows. The contact area between the silicon body and a stressor is
increased by allowing the stressor to contact the silicon body on the sidewalls of th;a silicon
body. As a result of the increased influence of the stressor on the active region, strain in a
strained channel transistor is enhanced. This technique is illustrated more clearly in a three-
dimensional perspective of the multiple-gate transistor in Figure 5. The stressor 166 not only
contacts the top surface of the silicon fin 155, but also the sidewall surfaces of the silicon fin
155. The additional contact area between the stressor 166 and the silicon fin 155 on the two
sidewalls of the silicon fin results in enhanced stress effects in the silicon fin 155. As aresult,a
strained-channel multiple-gate transistor may be formed with significantly enhanced
performance. The arrows in Figure 5 indicate the stress experienced by the channel region of the

multiple-gate transistor.

[0060]  The stressor 155 may be a high-stress material such as silicon nitride (e.g., SizNyg)

deposited by plasma-enhanced chemical vapor-deposition (PECVD). The stress in the PECVD



155. The additional contact area between the stressor 166 and the silicon
fin 155 on the two sidewalls of the silicon fin results in enhanced stress
effects in the silicon fin 155. As a result, a strained-channel

mul ti ple-gate transistor may be formed with significantly enhanced
performance. The arrows in Figure 5 indicate the stress experienced by the
channel region of the nultiple-gate tfansistor. [0060] The stressor 155
may be a _high-stress material such as silicon nitride (e.g.,. Si3N4)

deposi t edidoyniidesambenbneeg e £i8ka-YARAE {N{lﬁg@ﬂ %b%%a(’ E"E%\BIQ%% .The stress
O -

in the PECYD 17 silicon nitride can be in the’range Bgﬁ pascal s

- (MPa) t ostrid&SORHidWRR £ I .sfress.indicates conpressive stress and
positive stress i ﬁ%l?ﬂ@gtsg‘?%ﬁg%tsawgosg S “ﬁ"afeﬁ COEREATGRY Asiherbanng

decr easggigit ' Il..contact area as a proportion of the total contact
area bet woo nﬂp}tﬁ %"3&9‘%}“@? 8188‘”‘51# ?Pn%gar% A IiePOsteneef Shprtottb®ntaniaredsgeen the

Ther ef ore t?e \%mancerrent in stress effects is expected to increase with
a reductTHAR 1A 19 anddbsstiesspnil &6 ineteaties t Thonefofe, thoa bensesheds 1h ¥ResS BfERTE 1S
confirmed by our experinmental results as shown in Figures 6a and 6b.

St r ai n- i g¥Eereddo theiens witlr 1 Rdtictenhapcenent is increased from 10%to 17% as
the Wis reduced from 1200 nmto 110 nmat an off-state | eakage of 300

nA/ m crotg&itﬁr. th further scaling of the gate length, the enhancenent
(dashed &1%bw) Th Predistienpfenbansed duvegenment iskbwlitmied babirdtngsital fshiager
channel stress. Qperation voltage is 1.0 V. [0062] The silicon fin 155 of

the nul tShpVemfigues Gazndi6bt Sraimindubaliive QURSe SuBalRRESis k& ase%%{oﬁm)év?o in the
e

t hr ee- di nensi onal perspective of Figure 7. In Figure 7, t stressor 166 is

not  sholh dsthe Pheredae fdfn BO0RL 6 V&l 1SQUEr AB5Nding at the
"sol ation edge of the active 61180 nm B0% D9 NEle 16208 ofr3861ng}m1grometer.

With further scaling of the gate length, the enhancement (dashed arrow) will become even larger,

which is attributed to larger channel stress. Operation voltage is 1.0 V.

[0062]  The silicon fin 155 of the multiple-gate transistor may have rounded corners 186, as

shown in the three-dimensional perspective of Figure 7. In Figure 7, the stressor 166 is not
shown for the sake of simplicity. The novel corner rounding at the isolation edge of the active
region 155 of the multiple-gate transistor is another feature of the present invention to avoid
double-hump Igs-Vgs characteristics. Rounded comers, as compared with sharp corners, avoid

excessive stress concentration in a small region that may result in defect generation and

propagation. Such defects may result in degraded device performance and reduced yield.

[0063]  Figure 8a shows the top view of the active region 155 or silicon fin 155 after the

patterning of an active region surrounded by isolation regions 158. The cross-sectional view of
this device is illustrated in Figure 8b, in which the isolation region 158 is depicted as a shallow

trench isolation with an intentional recess 162 of amount R, where R may be greater than about

300 angstroms.



region 155 of the nultiple-gate transistor is another feature of the
present invention to avoid double-hunp IG5 VGS characteristics. Rounded
corners, as conpared with sharp corners, avoid excessive stress
concentration in a small region that may result in defect generation and
propagation. Such defects may result in degraded device perfornmance and
reduced yield. [0063] Figure 8a shows8the top view of the active region
155 or zi licon fin 155 after the patterning of an active region surrounded
by i sol &1%8n rBgreher cr8Rdinknt asshosm-is Biguttiah medawl@hbn stige ARV ES, | S

illustrated in Figure 8b, in which the isolation region 158 Is depicted as

a shal | éwlation puphseis SHled iisslationi it bh B8afioH €M RO Hnete %{{igééi[g%gé 41§f5 2R, R

where R may be greater than about 300 angstrons. her

enbodi meatan ird&lah 0¥ | - mesa, isol gtion structure is used for
i sol ati on Btljr pgses. ?\I/igrséééglhgglli}glts‘?lgfﬁd?@n’a%a? gtg Tat' "B FFOFeAtng efigie e silicon

i sl ands : f.ormed n an_insulator 152 and electrically isolated from
each ot ﬁ%??lg%%§cgﬁlgg§s-lz§é&ﬁoﬁ‘ilijsedicﬂmﬁisd&6E‘l@bed&@dﬁiﬁhmfrtbe Stiverpioasi ze t he
rounded g}gr ners 186 in the edge portions of the active region adjacent to
the i soPSRfBhortBgiselakon £giows] The radius of curvature of the round corner
186 is denoted by r. The value of r may vary from about 10 angstrons to

about 20feaNngs .1 n.preferr enbodi ments. Corner rounding of the
active g?)l .ﬁconhﬁeg%.&‘bl%‘)ﬁ‘g‘g’%wﬁge AT eveer 189 igstenetedbes Bheohluasf emefi ng,

oxi dati on nd/.or annealing, perfornmed after the active region definition.
It is ur‘(a%frfa?t“b ut Hhangstans tp gbewd 28@anpstromsintphefersedahibomialentsi €war € i n fact
two round top edges of the active region in a three dinensional view
rounding of the active silicon region 155 may be achieved by processes such as etching,
oxidation, and/or annealing, performed after the active region definition. It is understood that the

round corner in the sectional view are in fact two round top edges of the active region in a three

dimensional view.

[0066]  Figures 8b and 8¢ schematically illustrate an intentional isolation recess 162 according

to one example of the present invention. The recess R in both a shallow trench isolation or a
mesa isolation is designed to be sufficiently large to allow the gate to deplete the narrow body
from the isolation edges. In addition, the intentjonal recess will also give extra extended channel
width. The value of R is preferably greater than about 300 angstroms. In general, R may be

comparable to the thickness of the silicon film 155,

[0067]  Inaddition, according to simulation and experimental results, the transistor

performance enhancement due to the strain effects increases with reduced transistor dimensions
such as gate length 184, spacer width 182, and silicon film 155 thickness. As shown
experimentally in Figure 6, reduction of the gate length 184 results in a larger strain-induced

drive-current enhancement (dashed arrow). This is attributed to larger strain in the channel.




[ 0066] Figures 8b and 8c schematically illustrate an intentional isolation
recess 162 according to one exanple of the present invention. The recess R
in both a shallow trench isolation or a nesa isolation is designed to be
sufficiently large to allow the gate to deplete the narrow body fromthe
isolation edges. In addition, the intentional recess will also give extra
extended channel wi dth. The value of IR is preferably greater than about
300 ang%trons. In general, R may be conparable to the thickness of the

si i con [Y9%Fm 1B572yroPelrg stress iaditi chawre] regpoaif dientlichn-oSimulaak iraRisBRe:
experinental results, the transistor performance enhancenent due to the
strain @ldtedesa functiemas éw slicoh ﬁhﬁdﬁkﬂ@%&féﬁ&ﬁ%ﬁ%&%@ﬂ? TR@&ressSigS% as gate

| ength 184, spacer width 182, and silicon film™155 tthi ckness. shown

exper i mehirakl gibfidcleddt § ‘ ' f. the. gate | ength 184 results in a
| arger strai n-Tnduced ar ?l\?g{hgﬁﬁﬁeﬂng}etﬁ’ﬁg?weé%ﬁg?é“c?‘{ﬂ‘g%%g‘e&F‘tf"'&ﬁﬂrﬁt.h Bhiss is
attributgg, strai.n.in the channel. 19 [0068] In Figure 9, the
stress int %de) Ig?lt{aeﬁ%gefim Freoingsnt dheesilicon fidmd 55 higkagssirangos from abrstt 28 or i s
plotted as_a function of the silicon filmthickness for different gate
| engt hs.20§§ems {q dhout 409 anpsiromsh Rignes! 1Orshgwothat the 58S Bh@Shahft® insichics@n fi 1 m
155 thickness is reduced and as the gate length 184 is reduced. In the

pr ef er r dbe watsowidte Y istrdimesi dnd aothe fyhte MnbEST J40k FUAGIS AL from about 20
angstrons to about 400 angstrons. Igibgure 10 shows that@({?%ggtsotress in the

channel enodi@RE8 ST BSs i | i S.I ed and as.the gate
|l ength 184 ils r educedlﬁég\lgglg’ggﬁ %rsr ‘%Méﬂ{ (gfnl%s%gtlz arrrleaﬁ?‘gt%gg ang&gm; ?ﬂ?é’ﬁ??ﬁ?%?ﬁh
spacer W : I bout 500 angstrons can be especially beneficial
for si gmeﬁdggﬁﬁrﬁg%ﬁ%‘#@geﬁ%?%%s AtRae: L 0F Rrefqreed spbpdimenigithe sprseli ment, t he

spacer 68t h rapges. from about 10 angstrons to about 500 angstrons.
P \Wdﬁil ranges H'gm about 10 angstroms to abothSOO angstroms. J

[0069]  According to the next embodiment of this invention, a method of providing the

abovementioned semiconductor-on-insulator chip with strained-channel partially-depleted SOI
transistors, fully-depleted SOI transistors, and multiple-gate transistors will be described. The
starting material is a semiconductor-on-insulator wafer 200 as shown in Figure 11. The
semiconductor-on-insulator wafer 200, includes a semiconductor layer 202 overlying an
insulator layer 152 which in turn overlies a substrate 204. It is understood that the
semiconductor layer 202 may be formed from an elemental semiconductor such as silicon or
germanium, an alloy semiconductor such as silicon-germanium, or a compound semiconductor
such as gallium arsenide or indium phosphide. The insulator layer 152 may be any insulating
material such as silicon oxide, aluminum oxide, or silicon nitride or stacked combinations of
these materials. The underlying substrate may be any semiconductor substrate such as silicon

substrate or gallium arsenide substrate or non-semiconductor substrate such as quartz or

sapphire. Other examples for each of these materials are envisioned.



[ 0069] According to the next enbodi nent of this invention, a nmethod of
provi ding the abovenentioned sem conductor-on-insulator chip with

strai ned-channel partially-depleted SO transistors, fully-depleted SO
transistors, and nultiple-gate transistors will be described. The starting
material is a sem conductor-on-insulator wafer 200 as shown in Figure 11.
The semi conduct or-on-insul ator wafer 200, includes a seniconductor |ayer
202 overlying an insulator layer 152 which in turn overlies a substrate

204. |t [9020]undBrestatio ctibvatiniches mmle&mmﬁfedk@yig&eg%ﬁ?%(snﬁ%e {eﬁés’%%d from
gerna oy

an el enental sem conductor such as silicon or nium - an °aa|

sem condrss-etiSid@BpiaenoSthd AR ani ar conpound sem conduct or such
as gal | i um ar seni de orgsci niéi u%ogﬁ%)ggﬁllogf?r chﬁearihﬁglif? SeEton Al jhedeyisvisnay be any
i i con oxide, alum num oxide, or silicon

i nsul at i : | _such as. .si

nitri de o éﬁ%@é‘ﬁaﬁ% ! ?Bﬂ%‘l\zﬁ’ angd parallel i the petiye gegiontns silinotefin 145wy
substratgvgngﬁl:be any_sem conduct or substrate such as silicon substrate or -
gal | i um APEERit S bEercaese-sestion Sierefenicuis tidunghdhe stibsiepiah or SR s sguart z or
sapphire. Qther exanples for each of these materials are envisioned. 20

[00701 Thethasewreregion b2, vimheclirgion (1@1bkI8AY i rl:%'ib'lﬂﬂ? zﬁgdiie{éctﬁi: ?%ﬁﬁd 12a-
2j using a series of cross-sections depicting the tiansistor fabrication

pr ocess thelhe ddcasde 1ROt i ihs. taken in the pla ont ai ni ng
the |ine Ag-aA' and par gffrl%{&o@%{e%éﬁgragg%/tﬁgnlrthelsg‘l’%‘ﬁlﬁ%?rpogiolniog g’ﬁ g]ageﬁgqggt as

shown i i; . [0SS-secti t herefore cuts through the active
regi on gyé:ﬂsl%:{lﬁgsolgwaﬁg‘?i@%faﬁw r(?.glfmgﬁ@sé’t‘ihﬁ%@@nrb@apwt i3 7pa plateabaed (anégi on

(unl abe drai n ion 174, gate dielectric 164, and the gate el ectrode
180 of {b?@v& Faé‘%{it%g?%%‘?si stor. In this viewthe portion of the gate 160
that overlies the sidewalls 176 of active region 155 is not shown because

it is iooipl anRghARONEed &H&Sjodiment, a silicon-on-insulator wafer 200 is used as the starting
material, as shown in Figure 12a, where the semiconductor layer 202 is a silicon layer, the
insulator layer 152 is a silicon oxide layer, and the substrate 204 is a silicon substrate. More
preferably, the silicon layer 202 in the preferred embodiment has a thickness in the range of
about 10 angstroms to about 2000 angstroms and the silicon oxide layer may have a thickness in

the range of about 100 to about 2000 angstroms.

[0072]  An active region or silicon fin 155 is formed by patterning the silicon layer 202, as

shown in Figure 12b. The pattéming of the active region or silicon fin 155 may be
accomplished, for example, by depositing a mask material (not shown) on the silicon layer 202,
patterning the mask material by optical lithography to form a patterned mask, etching the silicon
layer 202, and removing the patterned mask. The mask material can be a photoresist, silicon

nitride, or a stack comprising of a silicon nitride layer overlying a silicon oxide layer.

[0073] A gate dielectric layer 164 is formed, as shown in Figure 12c. The gate dielectric

layer 164 can have a thickness between about 3 to about 100 angstroms, as an example. The gate

dielectric layer 164 on top 178 of the active region 155 can have a different thickness than the



bel ow) the plane of the page. [0071] In the preferred enbodi nent, a
silicon-on-insulator wafer 200 is used as the starting material, as shown
in Figure 12a, where the sem conductor layer 202 is a silicon |ayer, the
insulator layer 152 is a silicon oxide |ayer, and the substrate 204 is a
silicon substrate. More preferably, the silicon layer 202 in the preferred
enbodi ment has a thickness in the range of about 10 angstrons to about
2000 angstrons and the silicon oxide |ayer may have a thickness in the

range ofga@lislectricOgyet th4admotie tR0O@vANY$1E. AR -exhBPE Ahe ﬁfbkﬁé‘sg bgtggé Erﬁg i on or

silicon fin 155 is formed by patterning the silicon |ayer S shown in

Fi gure Hectritheyepadd &f tﬁéi:f&g 1<g§ CQJQ% Otgﬂjj:r\{ganrtg%g%eor C}%’ IF‘ll L\?é??lﬁfi n 155 may be

acconpl i shed, for exanple, ing a 6t™Shown) on the

silicon . t terni .t he . mask terial by optical |ithography to
forma ngﬁ%ﬁgéshég%hr}%l%}gg 03?% a%gh?lwg“g]igﬁfé on fop\ld$ obthe activa degicaaniddiinlgsst he
patterng@ HB%ﬁB The mask material can be a photoresist, silicon nitride,

or a statk Y P@@ﬁﬁ@nﬁf a silicon nitride layer overlying a silicon oxide
| ayer. [0073] A gate dielectric layer 164 is formed, as shown in Figure
12c. Th te i Cl LG - yer 164 can.have a thickness between about 3 to
about 1 %ggnorg%ﬁ%%gﬁ&gén%h§3§ﬁﬂﬁwg¥mqﬂ%mﬁ£ﬁédw@?“@ﬂ@ﬁ@uﬂwmba$aygmv164 on
top 178 of, the active region 155 can have a different thickness than the 21
gate di SFiEslicen PXXpatpide, o1 nispdedisdicomoxids. dBhdndulating fateFial 164 x@iynalse be the

thi ckness of the gate dielectric |layer 164 on the top 178 can be thinner
than t hatehgemeitiyityimatanal with pémitinitglangr thex sNRbess alidituh bk £56,)0f the gate
dielectric layer 164 on top 178 of the active region 155 is Iesg’

hafnium oxide (HfO,), halfnium silicon oxynitride (HfSiON), hafnium silicate (HfSiOy),

zirconium oxide (ZrO,), zirconium silicate (Z1Si04) or lanthanum oxide (La;03). In the
preferred embodiment, the gate dielectric is silicon oxide, which may be formed by thermal
oxidation in an oxygen ambient at temperatures ranging from about 500 to about 1000 degrees
Celsius. The gate dielectric layer 164 can also be formed by chemical vapor deposition or
reactive sputtering. The gate dielectric layer 164 covers the top 178 and the sidewalls 176 of the

silicon fin 155.

[0075]  With the gate dielectric layer 164 appropriately formed, the gate electrode 160

material can then be formed on top of the gate dielectric layer 164. The gate electrode 160
material can be comprised of conventional poly-crystalline silicon, poly-crystalline silicon
germanium, metals, metallic silicides, metallic nitrides or other conductors. The gate electrode
160 material may be deposited by conventional techniques such as chemical vapor deposition.
The gate electrode 160 may also be formed by the deposition of silicon and metal, followed by

an anneal to form a metal silicide gate electrode material. An example, the silicide could be

titanium silicide, nickel silicide or cobalt silicide.



t han about 20 angstrons. [00741 The gate dielectric 164 may conprise of any
gate dielectric material such as silicon oxide, silicon oxynitride, or
nitrided silicon oxide. The insulating material 164 may al so be a high
permttivity material with permttivity larger than 5, such as al um num

oxi de (A1203), hafniumoxide (HfQ2), halfniumsilicon oxynitride (HfSiON),
haf niumsilicate (Hf siO4), zirconiumdxide (ZrQ2), zirconiumsilicate
(ZrSi ™) or |anthanum oxide (La203). In the preferred enbodi nent, the gate

di el ect 190¢6]i s Bhel gateatectodedes) mttiriahisthsh fagerhel WG I‘ﬂﬂ@&ﬁ?{ idation in
an oxygen anbi ent at tenperatures rangiﬂr?g from agguthOb gtg okL}tQ%iLOOO

degr ees an@etisidusing phsmatiepdb&E&GH Firk thé%éj{ %%t?ﬁ%%gsa jﬁ«itlléesg2 {Q?S B \%ﬁ O % {. CtF)y

chem cal vapor deposition or reactive s g iC

| 1 7 the sidewal s 176 of the silicon fin 155,
Lobs) ik R efe? Bt PP 1 PR gl i i pilibedpbisiemiseadeast ndiegat o

el ectroggrﬁmo trrgterial can then be fornmed on top of the gate dielectric
| ayer 164. O’f’ﬁghﬁ PECCHOxeES Bykhe gats elaghiodar 6l can be conprised of
conventional poly-crystalline silicon, poly-crystalline silicon germanium

net al s, al | ¢ ilkGlde netallic nigrides . or other conductors. The gate
el ectr oé%m?]mo&ﬁl’g’[%éiﬂi g%aﬂln%?nﬁlgnﬁle#o@dgég agg\headmplapied wying iop dmpipteisas such as

chem Ca'tecﬁﬁlﬁor deﬁ)osi.t' on. The gate el ectrode 160 nmay al so be forned by

the depositiion 2OF S EpHrealig. Fapcathalofimiplaotway #so beprrfammdat thisatdzer By a et al

silicide gate electrode material. An exanple, the silicide could be

ti t ani uAPRiEPYLS teresuper-ekesimpdint atci lderc angle edagint fin db6itds to ABut k9@%hks The gate

el ectrode 160 material is then patterned using photolithography techniques,
with respect to the normal of the wafer, devices with short channel lengths will receive a high

effective channel doping concentration, while devices with long channel lengths will receive a

low effective channel doping concentration.

[0078]  The super halo implant creates super halo regions 190. A spacer 180 is formed using

techniques known and used in the art, . g, deposition of the spacer material and anisotropic
plasma etching as shown in Figufe 12f. The spacer material may comprise of a dielectric
material such as silicon nitride or silicon dioxide. In the preferred embodiment, the spacer 180 is

made from silicon nitride.

[0079]  Following spacer formation, the source and drain regions 172 and 174 are implanted

as shown in Figure 12g. The source and drain regions 172 and 174 can be strapped with one or
more conductive materials such as metals and silicides 192 as shown in Figure 12h. The

conductivg materials 152 can reach the source and drain regions 172 and 174 through contacts on

the sidewalls and/or the top of the active region 155.

[0080]  Next, a high-stress film or a stressor 166 is deposited over the completed transistor

structure as shown in Figure 12i. According to preferred embodiment of this invention, the high

stress film 166 not only contacts the top surface 178 of the active region 155 but also the



and etched using plasma etch processes to formthe gate el ectrodes. Figure
12d shows the device cross-section after gate el ectrode 160 formation. The
gate dielectric 164 is retained at least in the portion of the device
covered by the gate el ectrode 160. [0077] Source and drain extensions 186
and 188 are then inplanted using ion inplantation techniques as shown in
Figure 12e. Super-halo inplant may al3» be perforned at this stage. By

i npl anting the super-halo inplant at a | arge angle ranging from about 15 to

about 4514egl ssficeaiTohf tespietregion 1 51 a0 o¥R!in of vices, Wi th
short channel lengths will receive a Fali gh el?feg(‘:l{eirsséqc %%%néﬁg’&%%ﬁﬁg

ot e vt O S S

ef fective channel doping concentration.

creat es tglnekr by egl.ons. 190. A spacer 180 is formed using techniques
known and uséﬁ ?kﬂ?%gggg?fmé&ﬂ#?mﬁigﬁgﬁkion of the spacer material and

ani sotropic plasm etching as shown in Figure 12f. The spacer material my

conpri sd0wf] a Whelegiahd ifitm sHRE Ghd .as silican nitride qr silicon
di oxi de. In the preferredsenbo Eﬁ%%?, ‘E§§%§8 13 s hanoe 5181 si | i con

ni tride.f{QQ48] ] spacer forpation, the source and drain regions
172 and 174 ar éaﬁf?rép{ag%ggom 3“@1%%0%“31?‘@@Cﬁfétol@g).memﬁemb@umﬁédam@omcﬁi n

regi ons 0%72 and 174.can be strglpped with one or nore conductive materials
such as TTEPErEOhiY sdicp-girkyflns dhe sasidhowompressivanatee 32ihe sT RO Sehi Ve
material s 152 can reach the source and drain regions 172 and 174 through

cont act S capRkerefortdwalijusted hglaying beock@ropditishQuati itéﬁg)efa%ﬁis Ci%}%sjsg% [ 0080]
e

Next, a high-stress filmor a stressor 166 is deposit over 't he cbnpl et ed

transi staod thesgtiouafithey fovagatSEAMIeduoFbBUL 8 32 rdiong to preferred
ermbodi nent of this inventi On‘,’iﬁt heohlggh £, &éﬂoroéﬁ’a%g, to the%talogagﬂow rate.

[0082]  Following the formation of the high-stress film 166, a passivation layer 194 is
deposited with a thickness of a few thousand angstroms, e.g., about 1000 to about 5000
angstroms. The passivation layer 194 is preferably comprised of silicon oxide (e.g., formed by
decomposition of TEOS or doped silicon oxide e.g., PSG or BPSG). Contact holes are etched
through the passivation layer 194 and the high-stress film 166 and are filled with conductive
materials 196 to electrically contact the source region 172, drain region 174, and gate electrode

160 of the transistor, as shown in Figure 12j: Metalization 198 can then be used to electrically

couple these regions with other regions in the chip.

[0083]  In summary, one aspect of the present invention provides an improvement over PD-
SOI or FD-SOI technologies. The present invention can selectively combine the advantages of
PD-S0I and FD-SOI. For example, when converting circuit design from bulk to SO], this
invention can achieve minimal floating body effects at critical circuits like analog circuits using
FD-SOI devices, and can also have the freedom to adopt multiple threshold voltage ¥y, devices
in the PD-SOI region. Another noticeable improvement of the preferred embodiment of the

present invention is its introduction of FinFET-like devices, which benefit scalability and control



stress film 166 not only contacts the top surface 178 of the active region
155 but also the 23 sidewall surfaces 176 of the active region 155, as
shown in Figure 5. As an exanple, the high- stress film 166 can be PECVD
silicon nitride. PECVD silicon nitride can be used to introduce tensile or
conpressive stress in the channel region. [0081] The residual filmstress

i npacts the strain conmponents in the 2hannel. The residual filmstress can
be tailored froma high state of tension, for stoichionmetric silicon

ni t ri de of shortehenref eff@BIMILE §&hi Inblee 0Bkl L3, (Lhe. tensile or
’ l%duétgfteﬁigbk)%gﬁlﬁgiysw p %ﬂéilno A OATEREN B RS e be

conpressive nature of the strain int

adj ust e PR TR/ VD! 166 RS5C i,tions sucg tenperature, pressure, and
the ratio of the F%b 4 Ifing‘;O?I fqg%ptraggtﬁ?rsaé?ec %éf,?e @Yeﬁrﬂg?nﬁit@ﬁf&‘lﬁi@ﬁlp%ne, to the

total g afn&?i"é’té%gfte?%#OOESZ Foll owi ng the formation of the high-stress
e.g

film 166, a paser TGPy Ing fransisgor pgefpsanecsiel tivwi abhvementivekinessistas. a f ew

t housand angstrons, about 1000 to about 5000 angstroms. The

passi vatggoesy | ayed; i r . rised of silicon oxide (e.g.,

f or med Ey econﬁ%lg%ltg#gﬁﬁ%\{‘%’ %%ggrlr%%g%e%néf Piresssd by giressordaysr 16Gpddeor BPSG) .
Cont act e etched through the passivation |ayer 194 and the

hi gh- st F‘ngs‘?% elaﬁ?rs %’éﬁ%ef&f S&P@eg by wayolfhe rndsdpiag bayer For eratmpld; Hesilit®s t o
electrically contact the source region 172, drain region 174, and gate

el ect r od&1VeRE T cameorprisn sisdicon layarfomted\weer ansilfog gb@nika) (Sid31akd. Z@Ei on 198
can then be used to electrically couple these regions with other regions
in the SHiplaydr@aB3adust a ssainimhy silieifapgspect of the present invention

provi des an inprovenent over PD- SO or FD-SO technol ogies. The present

i nventi ?&)\%ﬁan lgel ectively conbine the advantages of PD-SO and FD-SO . For
exanpl e, WHen CSRYEFRsmRgdERIns dhesilétes ifigm forraotinetdaki 55 0arSE forrhét wing

techniques taught in co-pending Application Serial No. 10/379,873 (TSMC2002-1384), filed
March 5, 2003, and incorporated herein by reference. In this embodiment, the silicon layer 202
is formed on a donor substrate and attached above buried insulator 152 using wafer separation

and bonding techniques. The various embodiments taught in the co-pending application can be

utilized here.

[0086] In the foregoing specification, the invention has been described with reference to

specific embodiments. However, various modifications and changes can be made by one skilled
in the art without departing from the scope of the present invention. Accordingly, the
specification and figures are to be regarded in an illustrative rather than a restrictive sense, and
all such modifications are intended to be included within the scope of the present invention. It is
understood that several modifications, changes and substitutions are intended in the foregoing
disclosure and in some instances some features of the invention will be employed without a
corresponding use of other features. Accordingly, it is appropriate that the appended claims be

construed broadly and in a manner consistent with the scope of the invention.



i nvention can achieve mninmal floating body effects at critical circuits
li ke analog circuits using FD- SO devices, and can al so have the freedom
to adopt nmultiple threshold voltage Vh devices in the PD-SO region.

Anot her noticeabl e i nprovenent of the preferred enbodi nent of the present
invention is its introduction of FinFET-1ike devices, which benefit
scalability and control 24 of short-Zhannel effects. The sem conduct or

t echnol ogy di scl osed herein may be referred to as Fi nFET/ FD/ PD- SO
("FiP-SAO"). In yet another aspect of the invention is the provision of
enhanced sWHATNSEAMRED for i nprovi ng transi stor performance in the
abovenenti oned transistors. [0084] As discussed above, the silicon fin 155
can be stressed b}[\{ stressor |ayer 166. The active area 155 can al so be
strai ned bc way* JReonrre-ipidpier| (Y9 ghip aymprisiFipr  exanpl e; the silicon active
area filmcan conprise a silicon layer forned over a silicon-geranium

(Si Ge) 4 ayer. Tsdicoslags dfap&detmﬂhhedctﬂiuﬁﬁs@o@}l&ﬁ%ﬁninﬁhlﬁt&ela%rj icon |ayer.

[ 0085] In another enbodinment, the silicon filmfor active area 155 can be

formed using taemlitpleuss SORMBYFET I GQERENGLE Lj,cation Serial_No.
10/ 379, 873 (TSMC2002- 1384), fil ed Nﬁr“@%?%%aﬂgﬂﬁgﬁ,m‘gﬁ%ﬁ‘%@w%’aﬁ@at her ei n
by refef engtion dF s di nent, the silicon layer 202 is forned on a
donor substrate ane&ﬁgjf)ﬁggg,%élg[ﬁzbove buried insulator 152 using wafer
separatd on and bondj ni ques. The various enbodi nents taught in the
co- pendi ng appl“i¥ "E‘Ff%@g“ééﬁ%ﬁ%mh@}n&aﬁg@nﬂ%ﬂ@mm@]fomdbhe séconé gatiogof
speci fi cat"bon_ the invention has been described with reference to specific
enbodi rfent ‘?Sli-‘fc’ﬁﬁelﬁw-, various nodifications and changes can be nade by one
skilled in the art without departing fromthe scope of the present
invention. Accordingly, the

1T 2 The SOI chip of claim 1 wherein the silicon layer has a thickness in the range of about 10

2 angstroms to about 2000 angstroms.

1 3. The SOI chip of claim 1 wherein the silicon layer has a thickness of less than about 200

2 angstroms.

1 4 The SOI chip of claim 1 wherein the planar SOI MOSFET is a planar fully-depleted SOI

2 (FD-SOI) MOSFET.

1 5. The SOI chip of claim 4 wherein the planar FD-SOI MOSFET comprises of a body

2 region with a doping concentration ranging from about 10" to about 10 ¢,

1 6. . The SOI chip of claim 5 wherein the planar FD-SOI MOSFET has a gate length-and a

2 width, the gate length being larger than the width.

1 7 The SOI chip of claim 1 wherein the planar SOI MOSFET is a planar partially-depleted
2 SOI(PD-SOI) MOSFET.



specification and figures are to be regarded in an illustrative rather than
a restrictive sense, and all such nodifications are intended to be
included within the scope of the present invention. It is wunderstood that
several nodifications, changes and substitutions are intended in the
foregoing disclosure and in sone instances sone features of the invention
will be enployed without a corresponZing use of other features.
Accordingly, it is appropriate that the appended cl ains be construed

br oadl y1 angl i n TheSQN0EH 0EQRE] in Wt S i.nvepti on. 25 WHAT
'S CLAIMED IS 1 1 AR c?nﬁﬁ%ﬂ%l%%&?%@@%%ﬁ%%‘&B??SSF%%"%YZ a

silicoml| ayex ede ] t hi ckness over] yi ng, an_i nsyl at.or |ayer; 3
a multiple- g‘é)? ﬁ%%cgé}%@gé{%@?%fffﬂag gogltaig’i’tr}éﬁ{ htﬁgrh‘%ﬂtzlxé@j?élﬁtgf ormed on a
first 4 portion of the silicon layer; and 5 a planar SO MOSFET i ncl udi ng
a straipedqgchangnel.~-egi op for on a second portion of 6 the silicon

| ayer . {I 2 Thgﬁ’%&dleﬁp 899?1%@}?‘?15?12 therndenar RDtRE MOSFIEDhesla ggte tenpthsndia

t hi ckness in the range of about 10 2 angstrons to about 2000 angstroms. 1
3. The SO Vi fregptedenginheing smatlesithentthewsith.i con | ayer has a t hi ckness of

| ess than about 200 2 angstrons. 1 4. The SO chip of claim1l wherein the

pl anar SO MOSFET is a planar fully-depleted SO 2 (FD-SO) MOSFET. 1 5.

The SO 'chi® ofThelSQlhig ofibleinel whérbia tiY malaple RSO NMOSHET;s pREVLdaSES of a
body

2 reducing a device width to less than twice of a maximum width of a depletion layer.

1 11. The SOI chip of claim 1 wherein the multiple-gate MOSFET and the planar SOI

2 MOSFET are isolated by using a shallow trench isolation.

1 12. The SOI chip of claim 11 wherein the shallow trench isolation includes an isolation

2 recess of more than about 300 angstroms.

1 13. The SOI chip of claim 1 wherein the multiple-gate MOSFET and the planar SOI

2 MOSFET are isolated by using mesa isolation.

1 14 The SOI chip of claim 1 wherein an active region of the multiple-gate MOSFET has

2  rounded comers.

T 15. The SOI chip of claim 14 wherein the rounded corner has a radius of between about 10

2 angstroms and about 200 angstroms.

116, The SOI chip of claim 1 wherein the multiple-gate SOI MOSFET comprises:

2 a silicon fin overlying a portion of the insulator layer;
3 a strained channel region formed in a portion of the silicon fin;
4

a gate dielectric layer overlying the strained channel region;



2 region with a doping concentration ranging from about 1016 to about 1018
cm3. 1 6. The SO chip of claim5 wherein the planar FD-SO MOSFET has a
gate length and a 2 width, the gate length being larger than the width. 1
7. The SO chip of claiml wherein the planar SO MOSFET is a pl anar
partially-depleted 2 SO (PD-SO) MOSFET. 26 1 8. The SO chip of claim?7
wherein the planar PD SO1 MOSFET conyl? ses of a body 2 region with a

dopi ng concentration ranging fromabout 1 x 1018 to about 2 x 1019 CM3 . 1

9. The 50 chi p pfe didcabdd FErMaR L\ @Il PR4SA MOSFET has a gate
length and a 2 width, the gate Ié(;:?lagt hebeﬁﬁgd&%rha er than the width. 1 10.

The SO gchip of b i [tiple-gate MOSFET i s processed
by 2 reducing aa&glg%/img geon%% ﬁlla Orteg grésg}é Fﬂeéﬁont%?‘lf’é‘s 8&9%13%%‘1%“@“@{1]40% a

depl eti @n . 1. The.SO chip of claim1 wherein the nmultiple-gate .
MOSFET gnd{"f%gg%afné% ét}a”%%(eg“’z‘ Neliopsthasaurgesegion is depoxateddionghadshatdiomby r ench

isolatign. ,1 12. The SO chip of claim 1l wherein the shallow trench

i sol atibn MhcHeskchamel ggpati on 2 recess of nmore than about 300 angstrons.
1 13. The SO chip of claim1l wherein the nultiple-gate MOSFET and the
planar SO 2 MOSFET are isolated by using nesa isolation. 1 14. The SO

chip of Tcl &7-m 1Thatfé)ehip oficlaincte ard Mtk O6mHsireehi Sid el IR @8 fin dg%;f has 2
n

rounded corners. 1 15. The SO chip of claim14 wherein ther cor ner
has a radi eisctaide,hBd 3088 r@RAMNdYE drain region.

1 18.  The SOI chip of claim 17 wherein the high stress film comprises silicon nitride.

1 19. The SOI chip of claim 17 wherein the silicon fin has a top surface and two sidewall

surfaces, and wherein the high stress film contacts the sidewall surfaces of the semiconductor fin.

| 1 20.  The SOI chip of claim 16 wherein the silicon fin has a height in the range of about 20

2 angstroms to about 1000 angstroms.

1 21. The SOI chip of claim 16 wherein the silicon fin has a height of less than about 200

2 angstroms.

1 22. The SOI chip of claim 16 wherein the silicon fin has a width in the range of about 20

2 angstroms to about 1000 angstroms.

T 23.  The SOI chip of claim 16 wherein the silicon fin has rounded corners.

T 24 The SOI chip of claim 16 wherein the insulator layer comprises a dielectric.

1 25. The SOI chip of claim 24 wherein the insulator layer comprises silicon oxide.



2 angstrons and about 200 angstrons. 1 16. The SO chip of claim1 wherein
the multiple-gate SO MOSFET conprises: 2 a silicon fin overlying a
portion of the insulator |layer; 3 a strained channel region fornmed in a
portion of the silicon fin; 4 a gate dielectric |ayer overlying the
strained channel region; 27 5 a gate electrode forned on the gate
dielectric layer; and 6 a source regi®»h and a drain regions forned on
portions of the sem conductor fin adjacent 7 to the strained channel

regi on suché.t harhetdts ERWreR; ' i s, separated fromthe drain region by 8
the strained channel C;E‘de%gi olr%ﬁrﬁ %gw&e{?ﬁ[}é‘a ne@ﬁl?aﬂnﬂfegé?nal}aﬁ? RN 3 ur t her

conpri Sbngnﬁ”ﬂ{“gp‘)%emese%&f)(igkml%’%@la}égﬂg the gate 2 electrode, the source

region, and the drain re “s0 chip of claim 17 wherein the

hi gh stress filmconprises silicon nitride. 1 19. The SO chip of claim17
wher ei n,t hg, si I'cggblf'bn t}a .a top surface and two sidewall 2 surfaces, and
wher ei n 't h& "hi gh*st+'¢8¥ diclam &6 here the gatealideatiinmaydr camprisacgicon bxyreide.

sem conductor fin. 1 20. The SO chip of claim 16 wherein the silicon fin
has a heig in the range of about 20 2 angstrons to about 1000 angstrons.
1 21. The chiepQichipl ofchaing 66 wheremithe gahvedisiedtiic erfcbmpﬁﬁaﬁ%qg&ﬁ{?&iv I ess
t han about 200 2 angstrons. 1 22. The SO chip of claim 16 rern the
silicon2fimasagl. a width in the range of about 20 2 angstrons to about 1000
angstrons.

T 29.  The SOI chip of claim 28 wherein the relative permittivity of the high permittivity

2 matenal is greater than 5.

1 30.  The SOI chip of claim 16 wherein the gate dielectric layer comprises aluminum oxide,

hafnium oxide, halfnium silicon oxynitride, bafnium silicate, zirconium oxide, zirconium

3 silicate, or lanthanum oxide, or combinations thereof,

1 31. The SOI chip of claim 16 wherein the gate dielectric layer has a thickness of between

2 about 3 and about 100 angstroms.

1 32, The SOI chip of claim 16 wherein a thickness of the gate dielectric layer on a top surface

of the silicon fin is different than a thickness of the gate dielectric layer on a sidewall surface of

3 thesilicon fin.

1 33, The SOI chip of claim 32 wherein the thickness of the gate dielectric layer on the top of

the active region is thinner than the thickness of the gate dielectric layer on the sidewall.

1 34, The SOI chip of claim 16 wherein a thickness of the gate dielectric layer on a top surface

2 ofthesilicon fin is less than about 20 angstroms.

T 35 The SOI chip of claim 16 wherein the gate electrode comprises poly-crystalline silicon.



1 23. The SO chip of claim16 wherein the silicon fm has rounded corners.
1 24. The SO chip of claim 16 wherein the insulator |ayer conprises a
dielectric. 1 25. The SO chip of claim24 wherein the insulator |ayer
conprises silicon oxide. 28 1 26. The SO chip of claim 16 wherein the
strained channel region has a strain with a 2 nmagnitude of between about
0.1 % and about 2% 1 27. The SO chipof claim 16 where the gate

di el ect réi c3|6aye1rjwfonpri ses silicon oxynitride. 1 28. The SO chip of claim
16 wher &éi n36.he SOIadhiplo€ i €6 RS | ' mitivity 2
material. 1 29. The SO@ chip of g?fgllhrtn g% \A%%?E?%O%g&rsgﬁgﬁr Laluﬁ}gtsﬁﬁcﬂi vity
of the highemenimnttivity 2 material is greater than 5. 1 30. The SO chip
of claim 16 wherein the gate dielectric |ayer conprises alum num oxide, 2
haf ni um oxi de, halfniumsilicon oxynitride, hafniumsilicate, zirconium
oxi de, Ziraeni R¥ ant hanum oxi de, or conbinations thereof. 1
31. The sowchiugﬂeo Cﬁé’*‘fgﬁ’%&%‘ %‘é{L%IF‘H tﬁﬂr@“‘g%?@@ﬁ OMPEsesiagndtalyeemethizdicale,

t hi cknegs g}fabet@een. 2 about 3 and about 100 angstrons. 1 32. The SO chip
of claiimil PUC RS hi ckness of the gate dielectric layer on a top
surface 2 of the silicon finis different than a thickness of the gate
dielectric #ayer on a sidewal |l surface of 3 the silicon fm 1 33. The SO
chip of 'cl &m 3bhafickipef thim 1 G ifokine sangisidzhpaceRton 1disRlcest ki gat%]éX&fonn t he
top of 2 the active region is thinner than the thickness of “the gate

di el ectqi c layer on the sidewall.

39. ° The SOI chip of claim 38 wherein the spacer has a width of less than about 500

2 angstroms.

1 40.  The SOI chip of claim 16 wherein the gate electrode has a gate length of less than about

2  65nm.



1 34. The SO chip of claim 16 wherein a thickness of the gate dielectric

| ayer on a top surface 2 of the silicon fin is |less than about 20
angstrons. 1 35. The SA chip of claim 16 wherein the gate el ectrode
conprises poly-crystalline silicon. 29 1 36. The SO chip of claim16
wherein the gate el ectrode conprises poly-crystalline silicon 2 germanium
1 37. The SO chip of claim 16 wherei30the gate el ectrode conprises a

nmet al , g nf]t.al silicide, 2 or anmetallic nitride. 1 38. The SO chip of

cl ai m 18, r t Pesilicorprinsilag SPASIS : ides of | ectrode. 1
39. The SO chip of claim 38 (\%ner eip'rslm(?ﬁjéﬁ%%%lgig & %Séilyﬂgﬁﬁ%ﬁfﬁrﬁé%h@( han
about 590 mdltiPRISI'WIEL SO chip of claim16 wherein the gate

el ectrode has@ag&gate Ie%%ltqﬁp%?rﬁhggss than about 2 65 nm 30 1 41. A
silicongon-ins [ 0l ) chip including a nmultiple-gate Sol MOSFET,

wher ei n3the ZLQkﬁlﬁstg'abq(rgy te Sol MOSFET conprises: 3 an insulator |ayer; 4
a silicgn fin overlying a portion of the insulator layer; 5 a strained
channel * r egi on ¥8tR& dnioKerkyingor nargem affthetinelasirlliyegn fin, 6 a gate dielectric
l ayer overlying the strained channel region; 7 a gate electrode forned on
the gat® di el ectstioed chpeme] region formed in a portion of the silicon fin;

6 a gate dielectric layer overlying the strained channel region;

7 a gate electrode formed on the gate dielectric layer;

8 a source region and a drain region formed on portions of the semiconductor fin adjacent
9

to the strained channel re gion, the source region being separated from the drain region by the

10 strained channel region; and

11 an msulating film overlying at least a portion of the gate electrode and at least a portion

12 of the semiconductor fin adjacent the strained channel region.

1 42. The SOI chip of claim 41 and wherein the insulating film comprises a high stress film

overlying at least a portion of the gate electrode, at least a portion of the source region, and at

3 least a portion of the drain region.

T 43. The SOI chip of claim 42 wherein the high stfess film comprises silicon nitride.

1 44 The SOI chip of claim 42 wherein the silicon fin has a top and two sidewall surfaces, and

2 the high stress film contacts the sidewal] surfaces of the semiconductor fin.

145 The SOI chip of claim 41 wherein the silicon fin has a height in the range of about 20

2 angstroms to about 1000 angstroms.



8 a source region and a drain region formed on portions of the

sem conductor fin adjacent 9 to the strained channel region, the :source
regi on being separated fromthe drain region by the 10 strained channel
region; and 11 an insulating filmoverlying at |least a portion of the gate
el ectrode and at least a portion 12 of the sem conductor fin adjacent the
strained channel region. 1 42. The S@G1 chip of claim4l and wherein the

i nsul at; ng4£i I r%;onpri ses a high stress film 2 overlying at |east a
porti on! of 4&.he PatOlehipof clages] wherd; i | e.gource ion, and
at 3 least a portion gf the drai nn?g%itsg%?lp?ﬁh%%%%ieﬁ%ssi%%g%E@?ai m 42
wher ei n2t hengltrghs. Stress filmconprises silicon nitride. 1 44. The SO chip
of claim42 wherein the silicon fin has a top and two sidewall surfaces,
and 2 the high stress filmcontacts the sidewall surfaces of the

sem congucypr f4y. ~eIhe SA. chip of claim4l wherein the silicon fin
has a hei gﬂ) in’l‘li[”éhs(g)]f ¢ giﬁé)gc%’fnéb%lﬂffe”? ¢ spicgm Ha hasgnidihan Hisautge 20@DUEIYST r ONS.
31 1 46. ;’r@gt SA, ¢ ilg @d‘q claim 4l wherein the silicon fin has a height of
| ess than ABournoHE°0% 140seestoms. 1 47. The SO chip of claim4l wherein
the silicon fin has a width in the range of about 20 2 angstrons to about
1000 angstrom;. 1 48. The SO chip of claim4l wherein the silicon fin has
rounded! cofther sTheSOYghip PhelaiBH whérpinafie ific@nfnds WASIRicHLRe i nsul ator | ayer
is conprised of a dielectric. 1 50. The SO chip of claim49 wherein the
insulat?r | ayer is conprised of silicon oxide.

49.”  The SOI chip of claim 41 wherein the insulator layer is comprised of a dielectric.

1 50.  The SOI chip of claim 49 wherein the insulator layer is comprised of silicon oxide.

1 51.  The SOI chip of claim 41 wherein the strained channel region has a strain with a

2 magnitude of between about 0.1% and about 2%,

1 52. The SOI chip of claim 41 wherein the strained channel region has a strain with a -

2 magpitude of between about 1% and about 2%.

1 53.  The SOI chip of claim 41 where the gate dielectric layer comprises silicon oxynitride.

1 54 The SOI chip of claim 41 wherein the gate dielectric layer comprises a high permittivity
2  material.

1 55,

| The SOI chip of claim 54 wherein the hi gh permittivity material has a relative |

2 permittivity that is greater than about 5.

1 56.  The SOI chip of claim 41 wherein the gate dielectric layer comprises aluminum oxide,

hafai . . o _ . o .
fnium oxide, hafnium silicon oxynitride, hafnium silicate, zirconium oxide, zirconium silicate,

3 or lanthanum oxide, or combinations thereof.



1 51. The SO chip of claim4l wherein the strained channel region has a
strain wwth a 2 magni tude of between about 0.1% and about 2% 1 52. The SO
chip of claim41l wherein the strained channel region has a strain with a 2
magni t ude of between about 1% and about 2% 1 53. The SO chip of claim4l
where the gate dielectric |ayer conprises silicon oxynitride. 1 54. The SO
chip of claim41l wherein the gate di éPectric | ayer conprises a high
perm'tt1i Vi%7y nﬁ ng{.)gr ial . 1 55.- The SO chip of claim54 wherein the high
permi t ti vity maberPhehimefclaimuaa vwheieinehe patpdielvittic laybitias & Hadknéss officeadegr t han
about 5. 1 56. The SO chip of claim4l wherein the gate dielectric |ayer
conpri ges a&P\H‘—r?’iaﬁdﬁbQ)lkilQiba,ngﬁrdmf ni um oxi de, hafniumsilicon oxynitride,

haf nium silicate, zirconiumoxide, zirconiumsilicate, 3 or |anthanum

oxi de, or conbinations thereof. 32 1 57. The S01 chip of claim4l wherein

t he gatle di8l edhe S8OI Ly 6fcl i .+ 2 about and about
100 gngstrom;. 1 58. 12I:i'l?;e °s%§’s4§ﬁ‘{}%&%‘?‘5§ﬁ‘3?%9§ﬁfpgbﬁég‘gﬁﬁﬂeﬁﬁ‘é?ﬁyﬁﬁfe“ihf‘e@g of ;Jhe

gate dizl egthdeofHR%E op.2 surface of the silicon finis different
fromthe thickness o¥°°‘?ﬁ‘égsd}§§féée‘gff8f“35? {1’1“’%“‘?339@}“3 Bie diglsctap oo the sylewall f aces
of the .silj frn. 1 59, The SO chip of claim4l wherein the thickness of
t he gat:f:- délug?%(%{)tﬁrﬁﬁs&&%f’eqn'on the top of 2 the active region is thinner
than the thickness thereof on the sidewall. 1 60. The SO chip of claimi4l
wher ei n, thﬁ thickness of the gate dielectric layer on the top

- The SOI chip of claim 41 wherein the thickness of the gate dielectric layer on the top of

2 theactive region is thinner than the thickness thereof on the sidewall.

1 60.  The SOI chip of claim 41 wherein the thickness of the gate dielectric layer on the top

2 surface of the silicon fin is less than about 20 angstroms.

1 6l.  The SOI chip of claim 41 wherein the gate electrode comprises poly-crystalline silicon.

1 62.  The SOI chip of claim 41 wherein the gate electrode comprises poly-crystalline silicon

2 germanium.

1 63.  The SOI chip of claim 41 wherein the gate electrode comprises of a metal, a metal

2 silicide, or a metallic nitride.

1 64 The SOI chip of claim 41 , further comprising spacers on the sides of the gate electrode.

1 65.  The SOI chip of claim 64 wherein the spacer has a width of less than about 500

2 angstroms.

1 66.  The SOI chip of claim 41 wherein the gate electrode has a gate length of less than about

2  65nm.



2 surface of the silicon fin is less than about 20 angstrons. 1 61. The $O
chip of claim41l wherein the gate el ectrode conprises poly-crystalline
silicon. 1 62. The SO chip of claim4l wherein the gate el ectrode
conprises poly-crystalline silicon 2 germanium 1 63. The SO chip of
claim4l wherein the gate electrode conprises of a netal, a netal 2
silicide, or a netallic nitride. 1 6433 The SO chip of claim4l , further
conprising spacers on the sides of the gate electrode. 1 . 65. The SOT

chip of Tcl&l-m 6thevidelsp nf diim 4pad rthBasonsridind b hiak: Joi . ahaut 500 2
angstrons. 1 66. The SO chip of claim4 V\A‘?gl’ r(g’i&n rt he%gg§#;ﬁgﬁn§?§1#{gae has a

gate | eRgt $raofed biemaeltibiand aﬂp@micon%a%?%ﬁ%%ns&atﬁ%@mme SA chip of claimAail
uai

and further conprising a planar S I nc ’ﬁg a 2 strained channel
formed on a silicon |ayer over the insulator layer. 1 68. The SO chip of

claim 67 wb&r eithelsog : FET is fully-depleted 2 SO
(FD-SO) MOSFET. 1 69. b '@rﬂg&g‘? "Elgef%“ gF Phnéﬁwggﬁ%? siepla By-derdetedsOl
MOSFET 4s FRNEh] R@qtfl | y-depleted 2 SO (PD-SO) MOSFET. 34 1 70. A
met hod of for 21 rcon-on-insul ator device with a strained channel,

the method 2 conprising:

1 69.  The SOI chip of claim 67 wherein the planar SOI MOSFET is a planar partially-depleted

2 SOI (PD-SOI) MOSFET.



3 providing a silicon-on-insulator substrate, the substrate conprising a
silicon layer 4 overlying an insulator layer; 5 defining at |east one
active region in the silicon layer; 6 formng a gate dielectric layer in
the active region; 7 formng a gate el ectrode on the gate dielectric |ayer;
8 formng source and drain regions adjacent to the gate el ectrode; and 9
formng a high-stress filmcovering thé gate el ectrode, source region, and
drain rggi %ﬁ 1.71. The method of claim 70 wherein the high stress film
contactd tH& si Geuhad of farfrangessilidontonensuBt@ et vivewitiegitBihed dhafide] %J‘r‘ﬁetg@é hod of
claim70 and further conprising after forning the gate el ectrode, forning
2 sourc@ afemprsnigy extension regions. 1 73. The nethod of claim 72 wherein
the source and drain extension regions are forned by 2 ion inplantation. 1

74. The3net hod plovidindia1iédn-3h! r..conprising, after formng the source
and drain 2 extensimgrél1 rleg?gﬂgfglrfl%% %ﬁ)ﬁté&%g%esrugﬁ@&cfofnéﬂwﬁﬁSlllco?ﬂé%yel‘l'he net hod

of claim?7 gmdfﬁ{ j uper halo region is fornmed by ion inplantation. 1
76. The ma:bﬁo ogfancl?géllﬂ(r?r(])@%gﬁher ein the super halo regi on has a doping
concent ation intlhe range of about |Ix 1018 to about 2 x 1019 cm 3. 35

1 77. TRe met hotFfBinaat kashonpactiameegionrin thesilicantapérsi ng, after of forming the
source and drain 2 extension regions, form ng spacers adjacent to the gate

el ect r ofe. forming a gate dielectric layer in the active region;
7 forming a gate electrode on the gate dielectric layer;
8

forming source and drain regions adjacent to the gate electrode; and

forming a high-stress film covering the gate electrode, source region, and drain region.

T 71.  The method of claim 70 wherein the high stress film contacts the sidewall surfaces of the

2 active region.

1 72.  The method of claim 70 and further comprising after forming the gate electrode, forming

2 source and drain extension regions.

1 73.  The method of claim 72 wherein the source and drain extension regions are formed by

2 ion implantation.

1 74. The method of claim 72 and further comprising, after forming the source and drain

2 extension regions, forming super halo region.

1 75, The method of claim_ 74 wherein the super halo region is formed by ion implantation.

1T 76.  The method of claim 74 wherein the super halo region has a doping concentration in the

2 range of about 1x 10" to about 2 x 10'° cm”.



1 78. The nmethod of claim77 wherein the spacers are formed by chem cal
vapor deposition of 2 spacer material followed by anisotropic plasm
etching. 1 79. The nethod of claim 77 wherein the spacers have a w dth of

| ess than about 500 2 angstrons. 1 80. The nethod of claim 70 wherein the
silicon layer has a thickness in the range of about 10 2 angstrons to
about 2000 angstrons. 1 81. The net ho3b of claim 70 wherein the silicon

| ayer has a thickness of |ess than about 200 2 angstrons. 1 82. The nethod

of cl ai i 707.wheFteinretittef elhin] ERGHA BABrRBLbMENE & rality of
2 active regions that are electrical ?y i n% gér%?gﬁn&g}géhes ﬁﬁe?gdogra@hal | ow

trench xsob;a@ﬂsf@,ﬂreg;ong% a;;%?pgr&g{]gﬁac%ttg }%lgge& ?)e\% rein the at |east one

active region conprises eg| ons that are
electrically isolated fromeach other by nesa isolation. 1 84. The net hod

of claim?7 e cti egi gns have rounded corners. 1 85. The
met hod of 2? al mtgl& vé? 45 Pim} #ewf‘?fg‘ﬁ PR HRere formedbyrchemigs! vaporalopasition®f

angstro 200 angstrons.
9 oe spacer ma?enaflttollowed by a?usotropxc plasma etching.

1 79.  The method of claim 77 wherein the spacers have a width of less than about 500

2 angstroms.

1 80.  The method of claim 70 wherein the silicon Jayer has a thickness in the range of about 10

2 angstroms to about 2000 angstroms.

1 8l.  The method of claim 70 wherein the silicon layer has a thickness of less than about 200

2 'angstroms.

1 82, The method of claim 70 wherein the at least one active region comprises a plurality of

active regions that are electrically isolated from each other by shallow trench isolation.

1 83.  The method of claim 70 wherein the at least one active region comprises a plurality of

2 active regions that are electrically isolated from each other by mesa isolation.

1 84, The method of claim 70 wherein the active regions have rounded comers.

1 85.  Themethod of claim 84 wherein the rounded corner has a radius of about 10 angstroms

2 to about 200 angstroms.



