F4 Semi conduct or-on-1nsul ator Chip |ncorporating Strained-Channel
Partially- Depleted, Fully-Depleted, and Miultiple-Gate Transistors

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 00011 The following U. S. patents
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herein by reference: Patent or Serial No. Attorney No. Date Issue Date
Docket No. Nov. 26, 2002 TSMC2002- 0895 10/319, 119 Dec. 12, 2002

TSMC2002- 0979 10/ 379, 873 March 5, 2003 TSMC2002-1384 10/ 384,859 March
10, 2003 EEMﬁZﬁﬁﬂm&ﬁeénII 021.The present invention

rel ates general | yp Fﬁ%ﬁh ﬁ‘{:‘l“?l’l’g”g}r (oS aaels Resvael Bartiallgr-e
particularly, the dﬁ erre 8 Al gﬁ“hﬁﬂﬂﬁ3@EQMEHMMMemtlon relates to
sem conductor- on-insulator chips incorporating partially-depleted, :
fuIIy-depQ&hgf and mul t| | e-gate devices, and the introduction of strain
in the ch §D ABRCKGRAOUND [ 00031 Semi conduct or device
geonetries have dranatlcally decreased in size since such devices were

first intpoedyceth.381% Since then, integrated circuits have
general |y %I?BI U. g ?eng. am% gr commuonly assigned patent applications are hereby

incorporated herein by reference:

Patent or ' Att
: B ome
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(10/319,119 Dec. 12,2002 ' TSMC2002-0979
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10/384,859 March 10, 2003 TSMC2002-1385
TECHNICAL FIELD
[0002]

The present invention relates generally to the fabrication of semiconductor devices.
More particularly, the preferred embodiment of the present mventmn relates to semiconductor- |
on-insulator chips incorporating partially-depleted, fully-depleted, and mulnple— gate devices, and

the introduction of strain in the channel of these devices,

(7 BACKGROUND

[0003]  Semiconductor device geomein'es have dramatically decreased in size sinee such

devices were first introduced several decades ago. Since then, integrated circuits have generally
followed thc two year/half-size rule (often called Moore's Law), which meaps 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 featurs sizes.



followed the two year/half-size rule (often called More's Law), which
nmeans that the nunber of devices on a chip doubles every two years.
Today' s semi conductor fabrication plants are routinely produci ng devices
havi ng 130 nm and even 90 nm feature sizes. 2 [00041 The desire for
hi.gher performance circuits has driven the devel opnment of high-speed

sub- 100 nanoneter (nnm) silicon-on-insulator (SO) conplenentary

met al - oxi de- sem conductor (CMOS) techhol ogy. In SO technol ogy,

met al - oxi qﬁno em,}g}%r&duct or field-effect transistors (MOSFETs). are forned
~on a thin aéer Ve dighenrsFPyaney circhitsyher drivbn thegtbl oG fMhQRdal Such
as silican jde. Devices fornmed on SO offer many advantag€es over their
bul k countsg}?'ggjrD[ag?met"frﬁ’@ﬁlﬁdimqwﬁﬁﬂmadﬂ&ﬁ}mﬁﬂpﬁmeﬁ@pﬁ\@@t&%gem@&ﬁg{?&e of
reverse bo effect, soft-error imunity, full dielectric 1solation, and

absence oft Frehnglogsan S04 edehailggymédianek etg.aRaRk 854 hixgher speed
"performance, hi gher packing density, and reduced po&gggtf%ﬁ%ﬂ%{?’fson. [ 00051

There areWFWﬁ@sfmedoﬂuemia%@fsiﬁgn ' ' tihally-depl eted SO
(PD-SOD devi ces, and ful | y-depl eted (FD s@"%?‘ ?/‘P"g{é‘é‘%‘a‘a"c‘%ﬁ\?@ﬁ iStaF  PD- SO
MOSFET i s siven éxidembiecibes fbrid oSy S LS dicker than the maximum
depl etion layer width Wi,,, and a%%égﬁ@%dﬁgfsovﬂﬁﬁ%@JWS one in
whi ch t he imddingtrbinedN@SBod S %.uﬂ than Wi, max. The conventional . PD-SO
and FD-SO devi cesaégpe ol anar e\@/‘{aa?:]‘q’eeél?e%.I%Vefsen‘?ﬁéﬁﬁ%%éoﬁ-wmtﬂ% pl ane

of the wafddlectrichR0B8] hd o i.ced that remarkabl e progress has recently
been achieved in PD SO ?Hé%ﬁﬂ%ﬁ%tg&‘}ll ﬁ%‘}h%ogp@sg@re deblpdeshenspoel t he nerit

of ~bei ng ReGfyadran tprable. sjgnificant design burdens are faced by
its user srylgecause’ o@eﬁagglp ﬁ%m%ﬁ?}irg‘?‘?%ﬁ%’m@ﬁsmmm devi ces, charge

carriers l()aoréser ated by inpact ionization near one source/drain region
accumul at 1 There are two types of conventional SO devices: partially-depleted SOI (PD-SOT)

~ devices, and ﬁllly—dcplcted (FD-SOI) devices. Conventional PD-SOI MOSFET is one in which

‘ fche body thickness is thicker than the maximum depletion layer width Wi max, and 2 convéntional

.FD-SOI MOSFET is one in which the body thickness is thinner than W mar.
PD

The conventional

-S501 and FD-SO0I devices are planar devices, i.¢., they are formed in the plane éf the wafer,

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

techmology. Although PD-SOI devices have the merit of being highty 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 accumulite

near the other source/drain region of the transistor,. When sufficient carriers accurnulate in the

floating body, which is formed right below the channel region, the body potential is eﬁec.tively

alered.

[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 carrent-voltage (I-¥) curves, thereby

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



near the other source/drain region of the transistor. Wen sufficient
carriers accunulate in the floating body, which is forned right bel ow the
channel region, the body potential is effectively altered. [0007]

Fl oati ng body effects occur in PD-SO devices because of charge buil d-up
in the floating body region. This results in kinks in the device
current-voltage (A-Tl) curves, thereby degrading the electrical
performance of the circuit. In general3 the body potential of a PD-SO L 3
devi ce rra%myi%r% during static, dynam c, or transient device operation, and
is a functiron 6fF Vﬁﬁﬁ’i}“ﬂa‘sﬁé}?cﬂé@mlp,mtrwmeieaicm}ﬁmﬁu@Iaﬁ@gg‘ﬁngﬁd;lgp;ngny

topol ogy, ,and switching history. Therefore, circuit design using PD SO
devi ces i S35t ke smprighurs wolinar, dircudinabotdagyaad hﬁitoﬁin?hﬁﬁlﬁ. IG.80 zebgfcﬁfter for the
adoption 211;%5[}_806@%;]%%% ogy or the mgration from'bul k-SI “design to

PD- SO de  1spg jceb isant dirQRBdrwi¥aYank ; oat i body
effects in PD-SO devices is to ptrgovi de yan%gﬁggglgﬁg%%ﬁagg %g%‘ﬁnecti onto

the body BYoRARIOITE-SOIcahhel6y dr the i SraltRonl &ﬂk—ﬁpd%ig%c%icp?ﬂ%@f .current due to

i npact ionization. Various nethods of naking a co dtﬁ’ﬂ%“'body of a

S transgisi,or are lnown, but various di sadvant ages are known to be
associ at ezéu%lt h C?]ﬁg'@%“‘??\éﬁfﬁydg supproprdlontingtedy EibwtstineD SOPpEeests @ brifad he SO

fl oati ng- hod) _eIfe_cts is to use a |linked-body device structure. However,

the net hod™ ™SR PR gorggetian Fﬁ'tbmbdd@tiyac&iix@taamﬁtacrt%&65@9?&@0{1&9&1(% Bl ake et
al., in US. P@lt ent No. 4,946,799, described a process for making a body
node to SBEFE@eivERPgimiraton. Gharioshetiedfo Gt GlofediaR. Qi LRSS AT
gonductivity type as the body node is formed within the sour’ce region in
a sel f - al I"GHEHT P &Aoo buttvimisss dlsidvimiaks 78 Khdw th ORI d with these methods,
One method for the suppression of the SOI floating-body effects is fo use a hinked-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 fype as the body
node 1s formed witl;in the source region in a self-aligned fashion, thus eliminating the floating
body effects. In U.$. Patent No, 6,387,739 issued to G. E. Smith Il ef al., a method for forming

a body contact structure for SOI transistor is described.

[0010]

s

* Another way of avoiding floating body effects in SOI devices is to adopt a fully-

depleted SOI (FD-SO1) technology. FD-SOI devices do not suffer from floating-body effects

due to the fact that the body is fully-depleted. FD-80I technology is therefore desi gn~ﬁiend1y

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

[0011]  In a FD-SOTI technolo gy, 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 Tength. Such 2 thin body

thic ire rai 1 i
kness would require raised source/drain technology for series resistance reduction. However
b4




body effects. In U S. Patent No. 6,387,739 issued to G E. Smith IIl et®
al., a nmethod for formng a body contact structure for SO transistor is
descri bed. [0010] Anot her way of avoiding floating body effects in SO
devices is to adopt a fully- depleted SO (FD-SO) technology. 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 floating-body effects need not bé accounted for in circuit design.
[0011] In Q.. t.echnol ogy, devices with a | ow body-dopi ng and/or a

t hi n body rfﬁﬁeﬁﬁ‘%’&m é?‘%ﬁtﬁgé&mﬂﬂd@ﬁfqﬁméw seleciorepipapds womitQ bxpsfsive,
short-channgl effects in ultra-scaled devices, the device bo%py t hi ckness
i s usual | )Pa&%?igfi%‘ﬂ’ Bofebsnd manreaienidtiued rofmgeattng vy thaddB¥g Roa thin body
t hi ckness W uld require raised source/drain technology for series

resi st ancé"PEHeECYowi oo tbin Sidiles, ds retaitod g6t dRouhGRARH 3 56T JTBLLON.
currently pgﬁr}it?ﬁrtgﬁggggé sel ec:}'}ﬂve epi ta;i/), is immture, expensive, -
pat t er n- deTigyuip- &n tyrreatiplutiBylabls Woh-uhifbrhRPUERS; zur.ing yield.
In additi on,rSO substrates with uniform uIEbt ra-thi E\glg?gﬁcﬁéﬁmgs required
for the nassult acigifeard fudiSE in @R\ ik -thin .body, are currently
unavai |l abl e. Non-uniformty of thgﬁgchﬁ%%ﬁﬁhh%%ﬁﬁee%%vc&l ag?‘%?ﬁ??f in

si gni fi camanfifactee uat i ons in the device characteristics and negatively

i npact the ease of manufacture. [0012] U. S. Patent No. 6,222,234, issued
to K I mai ,Oqﬁscrslggrg)s a nethod for the fabrication of FD-SO and PD- SO
devi ces on’f'fle S pARBH234ised R dmtr, BMacribhs AbdhRBGr hSHbRGida s AN et
al | descriﬁgﬁg the structure of silicon-on-insulator chips with an active .
| ayer of: Qe BP1H0I devices on the same substrate. 1.5, PatentNo. 6,414,355 issued to An ef

al. described the structure of silicon-on-insulator chips with an acfive layer of nop-umiform
thickness. U.S. Patent No. 6,448,114 issued to An ef 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 is provided, where the FD-SOI devices

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

thicker silicon film.

[0013]  Fipure 2 illustrates a prior art integration of FD-SOT and Pﬁ-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.

[6014]  Other techniques have also been vsed fo enhance transistor performance. For

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

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

performance in addition to device scaling.



thi ckness. U.S. Patent No. 6, 448,114 issued to An et al. described several
met hods of formng silicon-on-insulator chips wwth an active | ayer of
non-uni form thickness. In these three patents, a SO substrate with two
different silicon filmthicknesses is provided, where the FD-SO devices
reside in aregion with a thinner silicon film and the PD SOT devices
reside in aregion with a thicker silicon film 100131 Figure 2
illustrates a prior art integration of > FD-SO and PD-SO transistors in

the sane [ghkp, MR SQ..transjstors 12 are formed in a thin silicon
| ayer 14 and bS5 a(?”tnjr‘:’él%rl?ssu Stiof ef%’“ﬁ?lés Epderd after theiaptistaiid fommed. ayer 18.

The silicqoplayens, 16, and 18 are_ both forned directly on a buried oxide
20, whi ch s it elgfifl‘ﬁghgﬁes fjﬂé‘i%%ilﬁ’f‘ﬂﬁm%@wmi@.&m&u@mmrm,sﬁﬂowthi n
the sili CERF}Fg%ir h16 and 18 are separated from one another by isolation
regi ons 26. '4? RSP PeltnihcuigssissiBmatiets shaditany 5@derk 00 20DAREE

t ransi st or, 4peri.&r mgnce. For exanple, strain maybe introduced in the
transi st or*ch E#éﬂl@ﬁp&l@ﬁﬁpmmmicﬁmmbgi@ﬂi@gms %ﬂ@&&&ggfmm _
strain-induced npbility enhancenment is anothei way to | nprov ransi st or

per f or mand® shannglaegien Wn Aschavenin Fauraatte RGess® | OiLsl ol ppr.oach,
strain in the channel is introduced after %h(laspga?ansgwsett%réal&?le%@%ﬁ@d. n

this appr daetistoratrivivgh which estidés d sod@34 shdlQfSE r.a.conpl eted transistor
structure 30, as shown in Figure 1. The astre%sfgerﬁ%gffmfc?ng,gm?%g #i gh
stress fi lze 4@xerlies civingidriondbnd 9d.Hen he channel. 34,  nodifying
the silicon lattice spacing in the ghangg}e%?rg}élibgﬁgt%%%e%% mi&walht r oduci ng

strain i n spachettchabyigtiude8 diijQantIde 4HS in Figure 1, the stressor is
ol aced above the conplete pl arﬁ%e trrgﬁg%\g& ?mgﬁpﬂ‘ﬁi&‘%@fm\%%@eﬁh?&-udes a

source 34 Shimlzifer A hitied Sl AR il flckd &attal r(fh%b)o A nélw(r) iechﬁique for CMOS
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 paralle] to the source-to-drain direction.



gat‘e 42 overlies channel region 34 and is separated therefrom by gate
dielectric 44. Sidewall spaces 46 can be included adjacent. gate 42. This
schenme is described in detail in a paper by Ao Shimzu ,et al., entitled
"Local mechanical stress control (LMC): a new technique for CMOS

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 NII ON [0016] I n one enbodi nent, the present invention
provi de;gum%%%g W['F"Nﬁl 1%5 overcones the shortcom' ngs of the prior
art, and provides a highly manuf acturabl e PD-SAO -1ike technol ogy that

produces feR1spO Th MRE te fl Qatin y effects. O her
enbodi ment s %f the i g@%ﬁ%ﬁhﬁ)@%ﬁw ﬁ%ﬁﬁ Hovrart ef?&ﬁ@?cg’t“ FYSEOHEt ry to

magni fy t Rhes ress fi on.th annel strain. The present
di scl osure ticgr%ﬁgie S%fm&{l %(5) fﬁ;‘fe P45 ﬁ@n@ﬁ?ﬂeséﬁl HRactusble RlpBATke| n
accordance, ﬂﬁoth% er red. ddt ment of the present invention, a

si | i con-on- Ej ! l’f?(%% e¥ieps fa glimizatg ﬂPﬁﬁé@i’PdV effests. Othen
predeterm d..t hi cl% ess overlying an insulator Jlayer. A nultiple-gate
fully- depf e EO ‘1"1‘1“@81"636Pﬁgveét@wsé}rtgmcb’h@mfythgefmdfmghi or med
on a first % h’:%on of the silicon layer. A planar SO MOSFET including a
strained “CHa Grens! figinndbe peseatrbsdimnre rocits ometbdd of Rembiskicaan | ayer .
For exanple, .the planar SO MOSFET can be a planar fully-depleted SO

( FD- SQOT) RESEEST: or t he pl anar SO MOSFET. can be a pl anar
partially-depleted SO (PD 901) MOSFET.

[0017]  Inaccordance with a preferred embodiment of the present Jnvention, a silicon-on-

insulgtor (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 Tegion is
forrned on a first portion of the silicon layer. A planar SO MOSFET including a strained
channel region formed on another portion of the silicon layer. For example, the planar SOI
MOSFET can be a planar ﬁllly-de-p}eted 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 inclnding 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 i
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,




FO018] In accordance with another preferred enmbodi nent of the present
invention, an SO chip including a multiple-gate fully-depleted SO
MOSFET has an insulator |ayer and a silicon fin overlying a portion of
the insulator |ayer. A strained channel region formed in a portion of the
silicon fin and a gate dielectric |ayer overlying the strained channel
region is also included. A gate electrode is fornmed on the gate
dielectric layer and a source region ahd a drain region is formed on
portions o[IG %Pe em conductor fin adjacent to the strained channel region,
such that ©h s‘%{‘%ée‘?‘@éif@ﬁt Trevidesparesitodabf formimg b kikcoflioakuliBEi0R: By t he
strai ned channeeﬂl) region. 7 [0019] Another enbodi nent provides a nethod of
form ng a STPRELHawIL itmiisreatiod adiwboen-wisilbor absbe Hanedukhagnel iay%;ln this
met hod a s(igl ilc‘on-qg@ignsul ator substrate that includes a silicon layer
over | yi ng SRR ieslator lapey éy prowdddr AV icd8@ne M i | ve. region is
defined in the silicon | ayerp. A gate diel eciﬁli%%%lzsiggﬁe@g egﬁlﬁ%lgl%eﬁ t he

active reghew didkdoiae Bk & fOhRE W MRV SRR %’f@: eledffo %ﬁ%}#ke@gct ric

| ayer. Source and drain regions can then be rmed” adj T 5° et gate

el ectrode d¢lettrx lafer Houst ERSEaif | e gate el ectrode, source
region, and drain region. [Ooz%é]g@g%gﬁc?g%gﬁn& RaRs 0 durarie slepirods aneleer

broadl y t hHgigh-g@atu8S.RRd S&MLN advant ages .of . the present invention in
order that the detail ed degécr:mgﬁ?dghmgjfceﬁ% i RIERIEHY hat fol | ows may be

better understood. Additional features and advantages of the invention

will be del@¥) belbererasinehs ertlinedite boadiyitetens hee il AiSagLaE R of ! he
invention. It should be appreciated by those skilled 1in the art at the
concept i orPTETE iEselinfi ode ot tesled diBEhRHRM HTBYelAEn e Y m&égib' %eftt%rd as a
basis for ryrr%di;éiing or designing other structures or processe ¥
carrying otdesthed. Jaidiionli fepnae snd @l arddes HrESERLHdMERL 10 shoul d al so
be realized by those skilled in the art that such 1eg%§e\(§%|b8¢1]§mm(ﬁer

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 diéclosed may be readily uiilized as a
basis for modifying or designing other structures or processes for carrying eﬁt 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.



constructions do not depart fromthe spirit and scope of the invention as
set forth in the appended clains. 8 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 nade to the follow ng descriptions
taken in conjunction with the acconpanying drawi ng, in which: [0022]
Figure 1 shows a prior art planar transistor with a strai ned channel;
[0023] Figure 2 shows a prior art integration of PD-SO and FD- SO
transistors in the sane chip by using a silicon-on-insulator wafer with
mul ti pl e-tHi il.l.co er thicknesses; [0024] Figures 3a-3d
iIIustrateﬁ%gﬁtlm %ﬁﬁﬁ#ﬁéﬁt§%§EV“Y9§ﬁ%istors and a fully depleted SO
transi stors of the present invention; [0025] Figures 4a and 4b each

provi de a #8431 shBwiagoré Bendl Q@GR sRh 4 ED- SO, an | tiple-gate
transistors as a functionng Wi dth %é%% léﬁagﬁafaﬂ?%ﬁn Veisghr e 4a) and

PMOS ( Fi gutteredidpfetenadis bsd el .Figure .5 shows the three-di nensiona
perspective of a strai ned%h{f‘:’1 %tr?r?gel%l?r%vfl?ggﬁsgl-pa%&séakﬂtlf‘&%%?@rmﬁﬂhﬂ)ne

enbodi nent 2 @fmfHenPESSENL: LAvention; [0027] Figures 6a and 6b provide
charts that sﬂ%mﬁ?@at t €n§PF i n-induced drive current enhancenent is
i ncreased as the channel width is reduced; [0028] Figure 7 shows the

t hr ee- di meRe8#2bnaFizper sheetd prer of planss thaistR dic DARREY T4l | P! e- gat e
transi stor where the silicon fin has rounded corners; ?

[0023]  Figure 2 shows 2 prier 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 dcplefed SOIL

transistors of the present inveniion;

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

multiple-gate transistors as a function of width W and length L, for NMOS (Figure 4a) and
PMOS (Figure 4b) transistors; |

{0026]  Figure 5 shows the three-dimensional pezspective 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 channe] width is reduced;

[0028]  Figure 7 shows the three-dimensional perspective of a strained-channel mulfiple-gate

transistor where the silicon fin has rounded comers:

[0023]  Figure 8a shows a top view of an active region or silicon fin;




F0029] Figure 8a shows a top view of an active region or silicon fin; 9

[ 0030] Figures 8b and 8c provide cross-sectional views of the active
region or silicon fin show ng the rounded comer with shallow trench
(Figure 8b) isolation or with nesa isolation (Figure 8c); [0031] Figure 9
provides a chart that shows that the stress in channel increases with
reduced silicon filmthickness and reduced gate length , [0032] Figure
10 provides a chart that shows that th® stress in channel increases with
reduced spacer width and reduced gate |l ength; [0033] Figure 11 shows a
cr oss- sectPGR ofFiguies Bend Sumoudtoonss-entibmsubal Sihestdk kg MBESL ;  and

[ 0034] Fin%gre‘s i51L1l2a- 12) provide cross-sections illustrating a process flow
of one enteeivipeiie ronpdedichmeprigskiliow eV DESCRI PTI ON OF

| LLUSTRATI VE EMBODI MENTS [ 00351 The pr&ggeg%{e gib%%(gﬁ%g;ﬁ‘k@?%@@ F to

co- pendi ndFgppRi)xati ons Serial No. entitled "Strained-Channel
Multiple-Gate Transistor", filed Novenber 26, 2002 (Attorney Docket

2002- 0895) 0 g]d %ieri al. No, 101319, 119 entitled "Sem conduct or-on-I nsul at or
Chip Inc r% r at1*HG° PEIOVIAE 4 sharbihpfi shoverchat Fhel stryss Dbk Eitkreas it dubddl - Gat e
Devi ces", filed Decenber 12, 2002 (Attorney Docket 2002-0979). Aspects of
the preseri®Ph chresprnd viddesdigatp teogterent s.

[0032]  Figure 10 provides a chart that shows that the stress in channel increases with reduced

spacer width and reduced gate length;

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

and

{0034]  Figures 12a-12j provide cross-sections iltustrating a process flow of one embodiment

of the present invention.

P



[ 00361 For exanple, the preferred enbodi nent of the present invention '
teaches a nethod and architecture to incorporate partially-depleted SO
(PD-SA) and fully-depleted SO (PD-SO) transistors in the sanme chip,
and, to provide enhanced strain effects to inprove carrier nmobilities and
device performance in ultra-scal ed devices. Unlike other devices that
utilize different silicon thicknesses to the achieve FD-SO and PD SO
transistors on the sanme chip, the prefédrred enbodi nent of the present

i nvention enpl oys a PD- SOT technol ogy while inplenenting FD SO

transi stors_by rearranging the transistor geonetry, or by configuring the
channel dé&p E]%Bﬁ%@ig?&m OR LB TRATIFEEMBODIMANTSS| St or body depl eti on
at selected channel lengths or channel wdths. In this manner, it is

possi bl e I O . -and O transistors with simlar silicon
body t hi ct[kér?gés?se?hg%%%ﬁg?%mﬁ%gg% O—ﬁ&%ggapg 4108 *q13No. ar e_provi ded on

t he sane Bt w I r ED-SO. type transistor where the depletion width
is |arger € t%% ﬁ%egﬁﬁﬁg&ﬁml%bﬁﬁgﬁs’éﬁ?& Bledi¥pizepiban?r 200k {Atiorpy e- gat e
transi stor (ﬁ)jr% f QFggT'l i ke FD-SO transistor, which nakes use of a novel
device g&oHSt 63910 s PRov Rl . 1 /3 HR 118 gniittrd ySefitamdtctor-onnsgletetiap , pl anar
FD-SO transistors have widths of nore than 50 nm whil e non- pl anar

ful | y- dept¥C@areieg RartsileDypleted, tfulinDin ttod, andibiultiplol Gitd Tevizhs') f&SDeckdign 50 nm_
11 [00381 Concepts of the preferred enbodi ment of this invention are nore

clearly i I'P«290% Gitionrey Rockei 2902-63793 aA Selcts b1 theipresniImandi pldvid Stgralegepar tial Iy
depleted SO transistors and fully depleted SO transistors of the

Pody  doplea o PRk AR e iahrse] A o Svwa g anbedeont

stlicon tRGkAESS0 iR G Siall depicted SOT (PD-SOD) and fully-depleted SOI (FD-SOI)
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 différent 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
transistprs by rearranging the transistor geometry, or by configuring the channel doping
concentrations to achieve full transistor bédy depletion at selecied channel lengths or channel
widihs. In this manner, it is possible to provide FD-SOI and PD-SO! 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 2 novel device
geometry to eliminate floating body effects. In general, planar FD-SOJ transistors have widths

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

than 50 nm.



depl etion. The fully-depleted transistor of Figure 3d uses a novel
geonetry to allow the -encroachnent of gate electric field fromthe sides
of the silicon body to achieve full body depletion. [00391 Super-halo
dopi ng and |ight body doping are designed to achieve FD-SO and PD SO
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 110,1lwhile not shown, the buried
insulator 110 is fornmed over a substrate, e.g., an undoped or lightly

doped si | i%%h Sulsetyftle prifeARbidimetiior texdintensan and 106re MRy iRstigal |y an
oxi de such as silicon dioxide. Oher insulators, such as silicon nitride

or al uni nliiguresdachd, Figays Bd-3dillnaaic petP@peRdO] s S8fBng ﬁﬂ?&giegﬁﬁbﬁ the
buried insulator can conprise a stack of layers, e.g., an oxide, nitride,

oxi de st makistofs@0d hroFnenhbor el ARokAA chiiok b R 2Tl SaRIUCt OF

| ayer 112 and includes a source region 114 an aln region . A gate
118 overl i ehendhghidal aaidioh Sv refr b te dielectric
122. [004zﬁ‘%§%|ar|y |ong-%ﬂ*ﬁ*ﬁi‘i@?%@%ﬁﬁa&?@%ﬁ%tﬁ%%&ﬁ%@%%b-ce 132, a

drain 134 gat ) tedielectric 138. The transistor 130 can
be fornedd?%mgﬁéﬁgﬁﬁ ‘%%%?%%%ﬁ%@%g?g$g9 mfi%“”é§©¥?%ﬁ§?§@8ﬂmloo or in a

dif ferent e tor | .. adifferent island th
chi ps. - 12" OB BEA® PR FolitesTogel b eimn b 'Sispers #Bhabdopi ng. 140

in Figuredgﬁﬁﬁgr doubl e hal o

[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 32, a
partially-depleted transistor device 100 is formed over a buried insulator 110, while not shown,

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

Substraie,

[0040]  The buried insulator 110 is typically an oxide such as silicon dioxide. Other
msulators, such as silicon nitride or alumiﬁum 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 trans@stor 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.



doping 140 in Figure 3a) and |light body doping 142 such that the effective
~doping concentration of the transistor body decreases as the gate |l ength
is increased. The dopi ng concentration in the super-halo region 140 is in
the range of about 1x1018 to about 2xlI O 9 dopants per cubic centineter.
The dopi ng concentration in the lightly doped body region 142 is in the
range of about 1x1016 to about | x| 01% dopants per cubic centineter.
[00441 In Figure 3a, the high super-hal doping concentration 140 ni a
short-channel transistor 100 results in a maxi numdepletion width that is
smal | er t HAHSk heDwitratenpis th denigd 6he dohérdkhe®ping #Mdn Fhgr: b5 BREHSE AL bOdY i s
therefore artgﬁgl%-depleted. As the gate 118 length increases, an

i ncr easi ngtop@e t4lon Fighret3neand digy: bo@gd@ el 132 6RR &hi : }ﬁﬂ? i.ghtly doped
body regionl42, and the effectisgm%ogy concg%??gﬁﬁgﬁggocrégéégﬁ%%ythe

maxi mum deyflitettiaoistaibodyhdecdenss te 14Xtk Gk ! | ong- channel
transistor 130 has a I|ight body-dopi ng and §§ﬁ§g?ﬁ3 %ﬁﬁﬁ%gﬁ%%l %t h that

i's |arger subahalofegicnilhe GeRmk R I3 'ﬁﬁ?g st.he transistor body is
fully- depleted. [0045] Referr?%g ng&ﬁ¥o |gﬁwgﬁﬁgzaﬁﬂﬁsgﬂ?ﬁﬁhother way to

achi eve f Weht | ekd BRinl . si,st or , bo is to allowthe electric
fie:dvlines ?%ﬁgng%gggﬁkgg%ﬁg¥ﬁ%ﬂ§iég§i§¥¢?ﬁgxp%§ﬁ§W§f%WHﬁ%ﬁ@%ebﬁ usihg a

novel trangist oy sReferring now to Figure 3c, a transistor 150 is
formed over a bur?gﬁﬁ%héglE@%?&p?ﬁzb%ﬁ?ﬁ@ﬁ“?nsulator 152 can include any

of the characteristics described above with respect to insulator 110 and

may be forlfdl onndfissutisl habigh skl dopepdbEEURLON0 EPRKE LD Tespect to
Figures 3a and 3b equally applies here. In this device, an active

senicondudﬂmﬁﬁMdﬁénmmbghanmﬁﬁﬁmﬁgﬁkﬂé@ﬁmﬁvﬁﬁﬂﬁm%ﬁgkgﬂﬁ%?%gﬁgﬂngg?epletionf’

region 156. The active region 1 is isolate rom-t ive

regi ons  bythickwbqedat taaghioibod§ R teldtirs phRlyddh@a. As the gate 118 length
increases, an increasing portion of the body region is constituted by the ligatly doped body
region]42, and the effective body concentration decreases or the maximum depletion width
increases. In Figure 3b, the long-channe! transistor 130 hasa light body-doping and 2 maximum
depletion width that is larger than the silicon film 112 thickness, and the transistor body is fully-

depleted.

[0045]  Refering 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 Mistor body
by using a nove! transistor geometry. Refemring now to Figure 3¢, 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 discués-;on
above with respect to Figures 32 and 3b equally applies bere. 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 jsolation region 158. This isolation



" 13" tegion 158 is preferably a shallow trench isolation (STlI) region. It

is understood that other isolation structures maybe used. [0046] A gate
el ectrode 160 is formed to surround the transistor active region, e.g.,
the channel region. Accordingly, an intentional recess 162 is forned
within the isolation region 158 so that the sem conductor |ayer 155

i ncludes sidewalls. The gate electrode 160 is adjacent to the top surface
as well as the sidewalls of active |layiér 155. A gate dielectric |ayer 164
is forned g@%\g/gen the gate el ectrode 160 and the active |ayer 155. [0047]
The sourcée isgpreferstéy gaBovdfrerch Bolhh ANQITHLY: o0 EYi re.not shown in
the illustration of Figure 3c. In thi ?@gge{%{% 'gwé&gdr?%gﬁ d%trolﬁécﬁt flows
into and osdatiof sttubiRrepm@ebe ¥isg.a result, one of the source/drain regions
will be located in a plane above the page and the other |ocated in a

pl ane bel aé&%henlga;ge. 0048] Figure 3d shows a simlar structure for a

Fi nFET- | | Ir arfs P8t dictiad o8 is famed iq sokmundehenanitis: Lnemdngls e3¢ have been
| abel ed with the same reference nunerals. In this case, the active
 semi conducdt@relegien: Aceordingly, acla_sdmtignaﬁfweesbmﬁtyisﬁ‘@m%wﬁﬁ%ﬂhhs@%@n‘?%ﬁéﬂlqﬁ0049]
One feature of the novel transistor geonetry is the intention recess 162

in the i$oKusthormiyioir b5 150msHe WlelNisFTHMEAS1e3 2ol | anar
partially-depleted transistor 150 of Fi glfre 3C hasﬁgﬁag%gﬁdj?ﬁrgﬁoﬁ‘g much

bi gger t hdep subfecermwblinsmhaitRvells @acHvaYSEr 14k dl 1o . the active
region width W(see Figure 3d) is re}ﬁcred 'to%a%\édgleftﬁl%ay%%%ﬁggf?rﬁé depl eti on

w dth | ayetwebmtht e DQEYde T608OHL &ﬁ@é%g% 18fcroaches fromthe isolation

edges and elimnates the undepleted y region, thereby making the
devi ce of Eda,?,“r ethd fully depl eted.
[ & source and drain regions of the transistor device 150 are not shown in the -
illustration of Figure 3¢. 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.

f0049]  One feature of the novel transistor geomelry is the intentional recess 162 in the

1s0lation region 138, as shown in Figures 3¢ and 3d. The planar partially-depleted transistor 150
of Figure 3¢ has a width that is much bigger than the maximum depletion layer width Wy e

When the active region width W (see Figure 3d) is reduced to less than twice the depléﬁon 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 gatc electrode 160 sumounds the transistor body 156 on muliiple sides: the




[ 0050] The resulting FD-SO device has a non-planar geonetry and is a '
multiple-gate transistor where the gate el ectrode 160 surrounds the
transi stor body 156 on nultiple sides: the 14 tw sidewalls and the top
surface. By having a gate el ectrode 160 that surrounds the transistor

body 155, the nultiple-gate transistor allows the encroachnent of the gate
electric field to the transistor body in the l|ateral direction, thus
enhancing its ability to control shortlhannel effects. [0051] The
preferred enbodi nent of this invention teaches a unique way of

i ncor por atFAgdes adthedppisEBeSBy Haviaps iosit ele@rodd &b g ﬁxﬁﬁ%d?@@, Eﬂgﬁ%@g t he
sane process technology, with a distribution of FD-SO an O

transi st or9¢atBohenngpl @at tansitGt0sw I BRS ' d.4b show
the distribution of the PD-SO and FD-SQO %?g%lsltioghggé@g{%%%rfﬁﬁgﬁﬂ?o t he
active r erpngsionkioditih iNdanealt b dnamsd - k8, . _Figure 4a

provi des data for NMOS devices aﬁdgﬁeé%%ﬁr ﬂ%l%)ﬂgﬁ%\%é&é’gg’ﬁﬁf%ﬁ%n%ﬁz@tsdevi ces.
These fi 9y §] pr.Qvi d?f‘ﬂa ma‘r)) showi ng the region of PD-SO transistors
(gray regi 06:?), cOFiVERTES Fabodmpentof this investiostartss { wijus evay eGhRMbratiANd

mul ti pl e-ﬁ?gﬁ tr%nsi stors (in region enclosed by dashed box) as a

functi on ke Fiagitl tresisgerhon e fapee chidMSig &8 eaniYeleeds kAR, Wiha 10052]
Pl anar PD-SO_ and FD-SO transistors typically have active region w dth of

mor e t han GEPufipgt FwﬁcplemcmBﬁ-smlamﬁsmuhdcbrﬂingtogﬁhﬁst&lahﬁéﬁgigrﬁpb@@g&a
t han

transi stors generally have active region wdth of |ess nm The

resul ts i rrffiythow e datrbutiti of thePD K00 A -SEPEkLE g fransistors are
fabricated using a 65 run PD SO - based process 1%/I\ll&t %iwg%%g%&ﬁea cg‘&at e length

of " 45 hmmﬂ'OIsWﬂdihdﬁmdthfyhnEibﬂoﬁgdﬂﬂgﬁgtﬁ)ig_w qu)gl 15"_‘%0 %{:ﬂ\{l@§$ %i? silicon gate

el ectrodes, 14 angstrons nitrided gate oxide’ an VEF
sour ce/ dr diiguredicshg@d d@ta for PMOS devices. These figures provide a map showing the region of

PD-SO0I 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 tzansistors,

[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 experimént where

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

i

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.

[0633]  The PD-S0I region is smaller for P-channel transistors (Figure 4b) than for N-channel

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

P-channel transistors. The transition from PD- to F D-S8OI oceurs as the gate tength is increased.

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

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



[ 0053] The PD-SO region is smaller for P-channel transistors (Figure 4b)
than for N-channel transistors (Figure 4a) because the inpact ionization
i'nduced parasitic bipolar action is weaker in P-channel transistors. The
transition fromPD to FD-SO occurs as the gate length is increased. In
addi tion, the non-planar FinFET-like or nmultiple-gate transistors are
obtained at small width W typically |less than 50nm Wde-channel devices
with smaller gate length Lg are partidbly 15 depleted, showing a
characteristic kink in the drain current IDS versus drain voltage VDS

curves. feploRed Sowiada ciethctetistrisikt ih @R d-600-ER- C and t he
characteristic | Ds-VDS ki nk di sappears. [Ooﬁﬁﬁsés%dg%@%er%?ﬁ‘gﬁgt he
advant agess @ is RDuSHl trageithn FldnSh-soa [ i.ng,. transistors with
di fferent conbinations of Wand Lg. %Fﬂggsggéﬁg %ﬁtﬁ\%h%génﬁ‘%%%gce&f?‘?@“ circuit
desi gn f odisipbdés. t echnol ogy to a circuit design for SO technol ogy,

critical portions of the circuits may enploy FD- SO devices to achieve

m ni mal fh)ﬁatin body effects while the remaining portions of the
circuits HAY emdlibgeathay adyavigsesf PIFSOI axd DS 0L car RQofbinbd GAlsinpOr t i ons _of
the circuits may include analog circuits and dynamc circuits. [0055] The
quasi - pl aafsisheyVidediBtrent combimtions EOMRLY, YFO bR, MhbnlcbcigatefD- SO

. . ; : . I
transistor wll now be described further. Figure 5 |IIustgates a

t hr ee- di nméssgndortiulkvicbuslafy taa Sirdultidpdi@r BRSS! tediidl LEANSk:St Ok, The.
mul tipl e-gate FD-SO transistor hasgg gate elec ’rcgg‘eﬁ?%g%ncfglgm%lfts

p a gate
di el ect r i oal ayploy EBAOT 0kt RACKBR hifbha HAGHRL

L.l .as the top of a
fin-1ike active region 155. The gate diel ettr 8&% Ll PSEmang o oss t he

§in 155, ywomppioTgcaraunsaf 8o B> 5P Qe Ne,r E:9Rple, the crifical portions of the

circuits may include analog circuits and dynamic circuits,

{0055}  The quasi-planar device structure or geomeiry of the multiple-gate FD-SOI transistor

will now be described further. Figure 5 illustrates a three-dimensional view of 2 multiple-gate
FD-SOI transistor. The multiple-gate FD-SOI transistor has a gate electrode 160 on top of 2 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 acfive region 155. The gate electrode

160 is formed on the gate dielectric 164, also wrapping around the fin-like active region 155.

FT

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 fig 155.

fooss]  Shallow trenéh 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. Howsver, other isolation
techniques, such ag 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. Itis 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.




surface 178 and the two sidewalls 176 of the fin or fin-like active regton
155. The gate electrode 160 is fornmed on the gate dielectric 164, also
wrappi ng around the fin-like active region 155. Effectively, the gate

el ectrode 160 fornms three gates in the nultiple-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. [00561 Shallow trench isolation filling naterials 158
such as silicon oxide, as shown in Fig@re 5, maybe used to fill the
trenches surrounding the silicon fin 155. However, other isolation

t echni qued?®S§uc i Trwashiwghagiopaconss tethat ex Ao FRY sRerE sdkpaMhen mesa
isolation is used, no filling materials are used to fill the sSpace

sur roundi Ags & secef WidthliB3.. Thet gateslsn Bheetbatd1aiott 182, SIRM ERuhZa the H%lagir ain 174,
whi ch were not visible in the views shown in tigures 3c an , can now be

seen. 16 14n@057ihe Bugisioe TheahGRelSi AEm t Surrounds
the gate 160. The gate space ,has@%ﬁss%ace?%%dﬁﬁ%ggﬁ%%ggegg?él 5‘1’@8 has a
gat e | engtifs dfddep srheh7glet erm nes the channel. length of the transistor.
The channel width is determ ned by the size of the exposed fin sidewalls
176 and top surface 178. [0058] The novel transistor geonetry according to
this enbodi%8nt '3F npvbiransienteowetrystordink yo thipembiddas:t 6ake hREIARE GAChMEN
of electric field lines fromthe sides of the transistor to obtain full-

body depl @qVEiss &R orcrasnimennt efttlestnio fibid Giesieh thi FIBIIE Y traldidlor BloSQimRERVI des
for enhanced strain effects. The enhancenent of strain-induced transistor

per f or mandedy drpichwemmdiot enpawed shes-clugel ifeabity But bbSfrofian f@r%nﬂaﬂ&g%@a?% at ed
is

with the present invention. [0059] The novel device geonetry o

embodi nenteffedt. Thhentianeesiitiof Birapt-RNkcHeBartsRlor pERRRREEH: L0, Shi&GhsS as
foll ows. The contact area between the sil irgonhﬁ%dy gﬁﬁ&géng EP‘félgesf’c())?e IS ,

feature that can be incorporated with the present invention

[0059]  The novel device geometry of this embodiments on 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 thé stlicon
body. As aresult of the increased influence of the stressor on the active region, strainin a
strained channel transistor is ephanced_ 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.

[0080]  The siressor 16 6 may be'a high-stress material such as silicon nitride (e.g.,. SisNy)

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



kncreased by allowing the stressor to contact the silicon body on the
sidewalls of the silicon body. As a result of the increased influence of
the stressor on the active region, strain in a strained channel

transi stor is enhanced. This technique is illustrated nore clearly in a

t hree- di nensional perspective of the multiple-gate transistor in Figure
5. The stressor 166 not only contacts the top surface of the silicon fin
155, but al so the sidewall surfaces oflthe silicon fin 155. The

addi ti on\f;\lllj;ﬂg:ont_g‘_(;;g Slgjea bet ween the stressor 166 and the silicon fin 155
on the t 1°8% gawa kindeof tht tragsafl-5@DRe dal fhsda® ' ced stress
effects in theqdfi licon fin 155. As ag;elglsjl t?fmgﬁﬁgﬁbgﬁ%g\%ﬁ?ﬁ%%ve

mul ti pl e- gées mdicales ¢catporssivEyreand Qs ' Lani fi cant | nhanced
performance. The arrows in Figur eﬁ%ﬁ}ﬁﬁé%%csga?g&%t%;&éﬁ%%‘ é%@@? ed by the

channel r egribri ¢dcrdales thdBletrhPb R0 S oL L ARSLSL O - [ 00 O}A The stressor 16 6
may be a high-stress material such %saggi%ﬁ%g%lﬁnﬁﬁ@%ﬁﬁgm fact grea betwyeg Rpg)

deposi t ed silicopfiasImme ARG ical .vapar deposition (PECVD). The stress
in the PECVD 17 silicon niﬁgrll eé%afas%‘ Qéw}%ﬁf’f‘fﬂﬁeplgﬁ@@e@ﬂng@@e ispascal s

(MPa) to L3pRtNRAnc e ative _stress indicates conpressive stress and
posi tive st?%ss L ndi ca%vgggfegﬁcstﬁo?gl%ftress. As the channel width W

decreaseagéﬁ?]e sji?h(zevvall contact area as a proportion of the total contact
area bet t heThiggrediction of énhank&bdri® GubBR iSEhESQE l.NGLeases
Ther ef or eéﬁht he enhancenment in stress effects iIs e%éé‘gg%l’éam?’% ircr‘qiﬁlisé‘ése W th
a reduct i onowmin\Wigupd @54d 6bh BgaipiRtiea o0 Rfenihlanced, drive current is
confirmed by our experimental results as  ShoOWn |(rE1mEtl%]ﬂFrga§ecg§°“éi "Bp.

17% as

St rai n- i ndibied i edivsd R 100 BANG BIERL o & gL Sased £1om 10%to
the Wis reduced from 1200 ma to 110 nm %f!taié)?\&c%fefel%?g&ﬁggqoé%’ﬁ@ﬂﬁﬁ300

NA/ m cr omeWal 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 comers 186, as

shown in: the three-dimensional perspective of Figure 7. In Figure 7, the stressor 166 isnot
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 io avoid
double

-hump I Vs characteristics. Rounded corners, as compared with sharp comers, avoid
H]

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

:’ﬁ ‘:

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

[0083]  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.



Wth further scaling of the gate Iength, the enhancenent (dashed arrow) -
w Il becone even larger, which is attributed to |arger channel stress.
Cpheration voltage is 1.0 V. [0062] The silicon fm 155 of the nmultiple-gate
transi stor may have rounded coners 186, as shown in the three-di nensional
perspective of Figure 7. In Figure 7, the stressor 166 is not shown for
the sake of sinplicity. The novel corner rounding at the isolation edge of
the active region 155 of the nultipl elfyate transistor is another feature
of the pr t invention to avoid double-hunmp IcrVecs characteristics.
Rounded c 3%@?15 , Iﬁ?@%ﬁ‘rﬁ‘ﬁ?%@nwt’taﬁ skotyarip Figomsre,s, mesaisilalion ExERESE Med i F €SS
concentr at.i ?Qigi n asmll region that may result in defect generation and
propagat i dit. *"ShEHPUET d¥tsa isnlafion issulsolation tetbginacdredaihrBLREN fOFBAGY and
reduced vyield, 1[ 00631 Figure 8a shows the top view of the active region
155 or si |9@8HSHpgr 1_I§_35H<éﬂt:iéx_lcaﬂhEsolat@at‘rbﬁremhﬂﬂleﬁf'ﬂ@@roé‘&ste!:t}ﬁﬁs hiddiedo
surrounded I% i Sr%l atlljhon regi ons 1221. The cross-sectional view o this
devi ce i s 3 FigseBatephakine e epuheedSBmerk AR ' ion region 158 is
depicted as a shallow trench isolati oﬁg\%i%dg fdr?ﬁée)élf?%eoaﬁg‘ier Pess 162 of
anount R, adfemetoRhaiyate rgi@at er than about 300 angstroms. 18 [0064] In
anot her enbodi nent, as shown in Figure 8c, a nesa isolation structure is
used for [Eo% Iathgnﬁgurposes. Mesa isolation is an isolation technique
where sili'Con i st &AL SPE5EHe phineind omoca st insabad by . 133 vanthrekget i cal |y
i solated from each other. The cross-sections in Figure 8b and Figure 8c
enphasi ze Vtaﬁ'g‘gmt“b b 2pgirems tol@euti2fN agerceddeppoitd @bSAiRkt NeAct | ve region
adj acent to the isolation regions. [00651 The radius of curvature of the
round comePnfime of e artive silicbnyzion 15T ey wa bateevad by pré¥8¥es such as stching,

oxidation, and/or annealing, performed after the active region defimition. 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.,

{00668]  Figures 8b and 8¢ schematically iliustrate 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 Iﬁrge to allow the gate to deplete the narrow body
from the isolation edges. In addition, the intentional 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 fitm 155,

[0067]  In addition, according to simulation and expenimental results, the transistor

performance enhancement due to the sirain effects mcreases 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.



vary from about 10 angstroms to about 200 angstrons in preferred
enbodi ments. Coner rounding of the active silicon region 155 maybe
athi eved by processes such as etching, oxidation, and/or annealing,
perfornmed after the active region definition. It is understood that the
round coner in the sectional view are in fact two round top edges of the
active region in a three dinensional view [00661 Figures 8b and 8c
schematically illustrate an intentional?isolation recess 162 according to
one exanpl FDG?]:‘ tIhE.gpur %Sﬁgt i nvention. The recess Rin both a shallow
trench i sl ath on &% ¥ he stest wdesbimonl fesionlehuikon boikeastihigiant | y | arge
to allowth gate to depl ete the narrow body fromthe isolation edges. In
addi ti on, s P b pkthe fibeoe Sin thickhesa b diftevega@ibdots exlqpded hannel
w dth. The val ue of Ris preferably greater than about 300 angstrons. In
gener al , FRPARE! mpion ingrrseraablesiliban fithel 55 B8 o @bed 18 2] -“1 Qnrgﬁ,isﬁﬁ 155.

e

[0067] In addition, according to simulation and experinenta %, the

transi st orredugest flothrprteres ehbudtRAe Mo sy figh 15@%&&@% ef f ectbcs“ghgcr eases

with reduced transistor dimensions such as gate Tengen PEf cer width

182, and sinbitomntofabburddbmelttinfzk BESS 10 experjnentally in Figure 6,
reduction of the gate length 184 resuéﬁoﬁﬁ%%elsgqﬁ e ‘F&aﬁ@‘i“ﬁﬁﬁﬁé%d

drive-cur Mpa@ﬂhﬂﬂ?ﬁﬁ%}wxﬁz&?ﬁggfmgggt%%%}ll'gggigreiflﬁcéglt tributed to |arger

strain in the channel. 19 [00 spfeaslingity t he channel

regi on of dnibedimbts 6OR: A lator transistor is plotted as a function of
the silicon filmthi ck%ggﬂsda%rsga&?‘f‘?’%‘ﬁ‘é’ﬁf%éf%@bwéﬁa& MEstomsearsheregmsialiin t he

channel rag@h@Rii AFS s.the silicon film 155 thickness is reduced and
as the gate | elngt h I%ﬁﬁlﬁﬂ en%laenﬁfpc%as.s "%ﬁ%ﬂé&ﬁ@@ﬁ@rﬂﬁ@ab@nmdmmca t he

silicon fiimmnlaged MCHRESS aggasprges from about 20

ms to about 300 angstroms.

[0069]  According to the next embodiment of this invention, 2 method of providing the

abovementioned scnﬁconductorjon-instﬂator chip with sirained-channel partially-depleted SOI

transistors, fully-depieted 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. Tt is understood thét 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 compéund semiconductor
such as gallium arsenide or indjum 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 quariz or

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



angstrons to about 400 angstrons. Figure 10 shows that the stress in the
channel increases as the spacer width 182 is reduced and as the gate

|l ength 184 is reduced. According to enbodinments of this invention, a
spacer width of I[ess than about 500 angstrons can be especially
beneficial for significantly enhanced stress effects. In the preferred
enbodi nent, the spacer wdth ranges from about 10 angstrons to about 500
angstronms. [0069] According to the nexd® embodi ment of this invention, a
met hod of providing the abovenentioned sem conductor-on-insulator chip
with str aii‘ﬁ’éﬂ- c &R Aethopemhddimanyisdep! deeis iIBRkatedin MpskS1RN S usthith feviedgp! et ed
SO transistors, and nmultiple-gate transistors will be described. The
starting rFESERLEns fiepicting brirowistu &beitation ploBsl| BileQfosMRERH 200488 ghown in
Figure 11. The sem conductor-on-insulator wafer 200, includes a

sem condud#er inl teypdane 202ai0ue the Yihd\G-A2Rnd HRSI RUHR 2chAYSE 2 WA in turn
overlies a substrate 204. It is unders%ood thatact héﬁogéaﬁ%%%ﬁglﬁjtgﬁoaf | ayer

202 may behburinbihiesoMhanoalemntial.selCAMIICh LU A8 SLLleansor
|

germani um an all oy sem conductor such as si con-ger%lﬁrh?r& conpound

sem condudiQthe s&uteRegiish 192! dnbiil AL SER i ndi_ um phosphj.de. The insul at or
| ayer 152 may be anyg%iﬁlnsu’l at i ?géélﬁlg@g@?%‘%’s%%mggng $3§%clﬁg‘?958"dé‘}:a%1 umi num

oxi de, Or {fd daleGRBdH: 50 0 ed.conmbi nations of these materials. The
under | yi ng sé&gst r a({Hg Iﬁggﬁ%ee Oglﬁ%%sgﬁ?sésg%gﬁk%we%%ﬁ%@fﬁﬁw 1&8that | i con

Substrate ; I rseni.de substrate or non-sem conductor substrate
such as quogér%lgﬁiéérél&é?g%plﬁﬁ © éé‘:%ﬁ frern éﬁ%[dﬁﬁ?tééowc%&‘dhis df2 fidve swverandri al s
are envi sibgﬁglz %LOme({ (%70 The net hod enbodinent is nore clearly
illustrated i thfE gur ®12j using a series of cross-sections depicting
the transistor fabrication process. The cross-section of the device is

[0o71]  In the preferred embodiment, 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
msulator 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 bave a thickness in

the range of about 106 to about 2000 angstroms.

{0672]  An active region or silicon fin 155 is formed by patterning the silicon layer 202, és

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 phoforesist, 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 12¢c. The gate dielectric

layer 164 can have a thickness between zbout 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



taken in the plane containing the line A-A' and parallel to the active
region or silicon fm 155 as shown in Figure 5. The cross-section
therefore cuts through the ‘active region or silicon fin 155, Le., the
source region-172, channel region (unlabeled), drain region 174, gate
dielectric 164, and the gate el ectrode 180 of the conpleted transistor.
In this view the portion of the gate 160 that overlies the sidewalls 176
of active region 155 is not shown becalse it is in a pl ane above (and

bel ow) the pl.ape of the page. [0071] In the preferred enbodi nent, a

si i con- o#ﬁﬁgﬂﬁ Figf Grendét ex the oo sidewalisidicagot bamslt akd thidhess LR LRl , as shown
in Figure l2a, where the sem conductor layer 202 is a silicon |ayer, the
i nsul at or dl‘%’-‘;‘i@ﬁ laysl 6 on e ipl 178 oam teothinkeer kiay et ondiRdideRQl SDSILALE 204 is a
silicon substralgémpbre preferably, the silicon layer 202 in the

pref er r ed c&FRS tckivasofahd haiteckdd@ s lhwr 1 f Ol angstroms
to about 2000 angstrons and %ie silic&ﬁ Jgﬁﬁgﬁ?g§3ﬁﬁﬁﬁﬁgﬁgégég5ﬁﬂ%8kness
in the rdmgebet 2Ghgitomt00 to about 2000 angstronms. [0072] An active
region or silicon fin 155 is forned by patterning the silicon |ayer 202,
as shown '9 Figgée 12b. The patterning of the active region or silicon
fin 155 m&?? e %ﬁéﬁ?‘é‘ﬂ‘é&?"f Rrcomprasepif eny date dibtepnis int2teld sachn@sikicoaat eri al
(not shown)_on_the silicon |layer 202, patterning the mask material by
optical | iFHeGHSENKyRiside o pitaded allicer oxadt. Tas losulAibg Rbighl 18ems) 1d.6en | ayer
202, and renoving the patterned mask. The mask nmaterial can be a

phot or esi $4gh P§liffrlgm§3nmatpria& Withl permiifivisy IadparaienC MK AsSluRBn oxfacTal,bgon nitride
|.ayer overlying a silicon oxide |layer. [0073] A gate dielec ri3’layer 164

i's f or med haBBmseriiadHiGh), Balguue sl oxJeid 8ok Bla8Gll kifear 164 can have
a thickness between about 3 to about 100 anég??ons, 5Sm§#%§§g | e. The

O Toront Chcknoss Chan the oo (x50 IRBERL Gl AREP 153 oo hove
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
Celstus. - The gate dielectric Jayer 164 can also be formed by chemical vapor deposition or
reactive gputtering. The gate dielectric layer 164 covers the top 178 and the sidewalis 176 of the

silicon fin 155.

[0075}  With the gate diclectric layer 164 appropriately fbrmed, 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 mtcﬁal may be deposited by conventional technigues such as chemical vapor deposition.
The gate electrode 160 may also be formed by the deposition of silicon and metal, followed by

&n anneal to form a metal silicide gate electrode material, An example, the silicide could be

titanium silicide, nickel silicide or cobalt silicide.



21 gate dielectric layer 164 on the two sidewalls 176. For exanple, the

t hi ckness of the gate dielectric layer 164 on the top 178 can be thinner
than that on the sidewall 176. In some exanples, the thickness of the
gate dielectric layer 164 on top 178 of the active region 155 is |ess

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 insulat?hg material 164 nay also be a high
pernittivi%g material with permttivity larger than 5, such as al um num
oxi de (Al 2035 Hatt sifomlacinded €0 (uefel s thvaafiithedsinl bhos oS dchigles

(Hf Si ON), %ﬁ%&ééylsilicate (HfFSi©&4), zirconium oxide (Zr ), zirconium
silicate ( usge plasmé tielnproneeses wWeorfalthX 23ec t I .

embodi ment, the gate dielectric is silicon oxi5§%S¢§§§%R§§%ﬁﬁéﬁg%?ﬁ%d_by
thermal oXP#stitionafia gate clextivge60gaRIagsH. ] r angi from about
500 to about 1000 degrees Cel sius. $ﬂ£ig%§§£ |eﬁg%ﬁ$?%mF%$%?ﬂ%%H“ An al so
be forned bwﬁmhﬁﬂk@ﬁﬁmM@WMﬂE¥ﬁ£)'g&&g‘gqﬁ reactive sputtering. The gate
dielectric |layer 164 covers the top 1 8 and the sidewal|s 176 of the
silicon fn@ : E0075] Wth the gate dielectric |ayer 164 appropriately
formed, th a%ite e da exbosionaSemilaBs emheh hemarded ufin R EndALEGP Of the
gate dielectric layer 164. The gate el ectrode 160 material "‘can be

conpri sed BB HaveraFigpolige. chpstiald inpRniSidyiak Be pdlkd Gl #S Ladd Bae
silicon germanium netals, metallic silicides, netallic nitridés or other

conduct or si™PRREngfae eipetleltimpliet at 4 heberREe Fingihg TBY sRR: gaposit 8% DY

conventional techniques such as chem cal vapor deposition. gate

el ect {Aggeb‘;llfgb ot talts ool dfabdederDdevichow HPMES Lilh R 1 Rfmlil L SQ0, ARG, metal,

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

low effective chanmel 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, e.g., deposition of the spacer material and anisotropic

plasma etching as shown in Figure 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.

[0078]  Following spacer formation, the source and drain regions 172 and 174 are mmplanted

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 siticides 192 as shown in Figure 12h. The

conductive_: materials 152 can reach the source and drain regions 172 and 174 throngh 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



an anneal to forma netal suicide gate electrode nmaterial. An exanple, the
silicide could be titaniumsilicide, nickel silicide or cobalt silicide.
22 [0076] The gate electrode 160 material is then patterned using

phot ol i t hography techni ques, and etched using plasna etch processes to
formthe gate electrodes. Figure 12d shows the device cross-section after
gate electrode 160 formation. The gate dielectric 164 is retained at . | east
in the portion of the device coveredZ23y the gate el ectrode 160. [0077]
Sour ce ands.(%{vgln extensi ons 186 and 188 are then inplanted using ion

i mpl ant at i*B"2! YERTTH §{fet thegctisieaegion 155Fasousen h2RureSUPSL: hakgr ARPLant may

al so be p%égsgrﬁpngg@at EQ}%Esm?thalge. By inplanting the super- alho I Apl ant at
a large a i 98y Jakbibetn nlthdd. oprRdOHIL; r jth respect to
the normal of the wafer, devices with shortg%ﬁogrrll%gcﬁcﬁrg%g%svgsm % ecei ve a
hi gh effé%ﬂwcmhamﬁbsﬁ@ﬂhm@&%@% wation, while devices with |ong
channel lengths will receive a |ow effective channel doping

concentr ath@n. [-Q078 super halo inplant creates super hal o regions
190. A spa[!():de%?| 1 eiresggdf%%ﬁﬁéﬁﬁ%%m the siwsii quiammdondnvthe an@ndls et £dalne art,
e.g., depqgitjon of the spacer material and anisotropic plasma etching as
shown in Figdres be tiipgd gﬁ@@é’#ghmmmwisioﬂﬂyr IR BR sBEorfhitii€ i SG LIk C
material such as silicon nitride or silicon dioxide. In the preferred

embodi ment" P8 patdlcon-gich filns. FhdendleQMbshdrsGM hafid (gﬁgg%%[lgn%g ‘]’*WE‘%Ll owi ng
|

spacer formation, the source and drain regions 172 an are nt ed

as shown if?ﬁ“lﬂi“@mbéreiiozi;beaﬂhae&waeﬁnmcéggggn&ﬁgggﬁcg tehlaNd 174 can be

7
strapped with one or rmore conductive materials suc A8 TN AW
§i i ci des @B stioshibmilow PutddfgyrRubatsaI Ng: dichlorosilane, to the total gas flow 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 TEQOS 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

o couple these regions with other regions in the chip.

[0083]  In summary, one aspect of the present invention provides ag improvement over PD-

SOl or FD-80I technologies. The present invention can selectively combine the advantages of
PD-S80I and FD-8OL For example, when converting circuit design from bulk to SOI, this
invention can achieve minimal floating body effects at critical circuits like analog circuits using
FD-50I devices, and can also have the freedom to adopt rﬁultiple threshold voltage ¥, 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



conductive 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 filmor a stressor 166 is deposited over
the conpleted transistor structure as shown in Figure 12i. According to
preferred enbodi nent of this invention, the high stress film 166 not only
contacts the top surface 178 of the active region 155 but also the 23
sidewal | surfaces 176 of the active regton 155, as shown in Figure 5. As
an exanple, the high- stress film 166 can be PECVD silicon nitride. PECVD
si | con nifeiatecheunl dfectusta shoichimhiioduRoloL SIS 10k GAIRL EFRLY R, St T ess in

t he channel region. [0081] The residual fil'mstress Inp &%Yfrain

conponent SHAETVH@PDisan (eip-sdhe 1 0giaduial ' i ress can be.tailored from
a high state of tension, for Eto?chionéfﬁ%gkg?ﬁ%%%ﬁm%F Py SRgt one of

conpr essi anhanb@ suSinleFHENVoF iy B« TNE L ensi | e or conpressive nature of
the strain in the channefih%e&&'gqggﬁxghg?g?%?g”ﬁ?maﬁFE§W§%ﬂ%@mﬁﬁﬁying

process caonditions such as tenperature, pressure, and the ratio of the
flow rate B4 phedemset abgus thesiligon fird] ThaobOsEdsaT W strdsor 136 681 #, 9as 1 ow
rate. [0082] Followi ng the formation of the high-stress film 166, a

passi vat i GRliVeayRerl 3o alse be sthepod by ety W thduRied Ak RE 35, &fﬁ@ej f¥fdgusand
i

angstrons, e.g., about 1000 to about 5000 angstrons. ssivation

| ayer 194 ackvepreafidmainl oompaseysilkedia o fSideh Tl e rbarmed by
sibaspt &Heﬂg%a%égoq%e‘é’%%gésrﬁﬁﬁﬁ?@& nt act

deconposition of TECS or doped silicon oxide e.qg.

hol es ar e Sitiched will bigdiainiemPafsdMalt on | ayer 194 and the high-stress
film 166 and are filled with conductive materials 196 to electrically

cont act tQ&m ource region 172, drain region 174, and gate el ectrode 160
of the transrstof "H8T EREYHMe the ifisor filnp for adilee arbd Batint 284 6ask t hen be
used to eug%éficalgg, )

chmques taught in co-pending Application Serial No. 10/379,873 (TSMC2002-1 384), filed

March 5, 2003, and incorporated herein by reference. Inthis 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.

10086]  In the foregoing specification, the invention has been described with reference to

specific embodiments. However, varions 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. Tt is
understood that several modifications, changes and substitutions are mtended 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.




coupl e these regions with other regions in the chip. [0083] In summary,
one aspect of the present invention provides an inprovenent over PD- SO
or FD-SOI technol ogi es. The present invention can selectively conbine the
advantages of PD-SO and FD-SO . For exanple, when converting circuit
design frombulk to SO, this invention can achieve mninmal floating body
effects at critical circuits |like analog circuits using FD 801 devices,
and can al so have the freedomto adopt2shultiple threshold voltage VWh
devices in the PD-SO region. Another noticeable inprovenent of the
preferred en@g@: ment of the present invention is its introduction of
Fi nFET-11 ke I8 ELARERAS benef i t scal abi | i ty and control 24
of short-channel effects. The sem conductor technol ogy disclosed herein
maybe referred tq El F SO ("FiP-SOP'). In yet another aspect
of the invention isgﬁ?rﬁgd %rg‘g%ylors(?éﬁ%?m@ﬂ%‘ﬁbed strain effects for
i mprovi ngy transi §tsi§50n grLigrmnce in the abovementioned transistors.
[00841 As di scussed above, AR ETRed dHclmpss oyglyingaminpdatatlsyessed by stressor
layer 1665 The Q%VF ar 155 can al so be strained by way of the
under | yi ng | ayer . "FoP e&%ﬁ%@ﬁé@%‘f‘ﬁ@ ingluding @rstraiemsitchanec] agebi frivkdbicadiksCONPY i Se
a silicon,l ayer fg&lmeg over a silicon-geranium (Si Ge) layer. The SiGe
| ayer wi 1T SRE ohthg sificondayier apdhe si | i con | ayer. [00851 In another
enbodi nent, the si{icon filmfor active area 155 can be forned using
t echni qued t aughf Prirrepl Wﬁ@cmgasmnedh@ﬁﬁk@onﬁﬁme&%%@?mﬁ%&ﬁm of
(TSMC2002- 13 4% filed March 5, 2003, and incorporated herein by
t.e‘,ferencef? | e o8 J¥#fbodi ment, the silicon layer 202 is formed on a donor
substrate and attached above buried insulator 152 using wafer separation
and bondi gg }Cecth qéjes._ The various enbodi nents taught in the co-pending
appl i catibn tan BBeSOIchip 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 801 chip of claim 1 wherein the silicon layer has a thickness of less than about 200
2 anpstroms.

14 The SOI chip of claim 1 wherein the planar SOI MOSFET is a planar fully-depleted SOI
2 (FD-SOI) MOSFET. |

L 1 5 The SOI chip of claim 4 wherein the planar ¥D-SOI MOSFET comprises of a body

region with a doping concentration ranging from about 10 to about 10% cm™

T 6 The SOIchip of claiim 5 wherein the planar FD-SOI MOSFET has 4 gate length and a

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

1 1 The SOI chip of claim 1 wherein the planar SOl MOSFET is a planar partially-depleted

2 SOI(PD-SOI) MOSFET.




utilized here. [00861 In the foregoing specification, the invention has
been described with reference to specific enbodi nents. However, various
nodi ficati ons and changes can be nade by one skilled in the art wthout
departing fromthe 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 nodifications are intended to be
included within the scope of the presé#t invention. It is wunderstood that
several nodifications, changes and substitutions are intended in the
foregoi ng' dfscl d8uPel didfihinsowberintt aheePTSSORMbSIULSSA] ol B61, NVeNt i on
w |l be enployed without a corresponding use of other features. '
‘Accor di ngty, rgion veh agerigpoiebestithabgidgoR PRANDS fhit, mﬁz bgye ganst rued
broadly and in a manner consistent with the scope of the invention. 25
VWHAT | S Clé_lAI Q/ED ITiz 1 1. Asilicon-on-insulator (SO) chip conprising: 2 a
silicon | AyeP- of The pDbdigt chim® dhhirkih G RESS ' ' | ator .l ayer; 3
a multiple-gate SO MOSFET i ncl udi ng a@strﬁﬂhﬁ%ﬂlﬁfﬂg%ﬂ%%gﬁq%n fag?'erlred on a
first 4 porwidinthefatt leegib bdihcomubanaiie wigd 5 a pl anar . SO MOSFET i ncl udi ng
a strained channel region forned on a second portion of 6 the silicon
layer. 1 2. The SO chip of claim1 wherein the silicon |ayer has a

t hi ckness1i nld.he Tha8QEchif of3esl whei g t. 2000 angstroms. 1
3. The SA chip of cl aihﬁn;fl wher ei nel?ﬁlg Si i%%ﬁ%}%‘?ﬁ%fés%octeﬁf ness of

| ess t han2abedtciid(ievice width to less than twice of a maximum width of a depletion Jayer.

111, The SOI chip of claim 1 wherein the multiple-gate MOSFET and the planar SOI

MOSEFET are isolated by using & shallow trench isolation.

1 712, The SOI chip of claim 11 wherein the shallow trench isolation includes an isolation

2 recess of more than about 300 angsiroms.

1 13, The SOI chip of claim I 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 corners,

1 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 sirained channe] Tegion;



2 angstrons. 1 4. The SO chip of claim1 wherein the planar SO MOSFET is
a planar fully-depleted SO 2 (FD-SOD MOSFET. 1 5. The SO chip of claim
4-wherein the planar FD-SO MOSFET conprises of a body 2 region with a
dopi ng concentration ranging fromabout 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 claim1 wherein the planar SO2ZMOSFET is a pl anar
partially-depleted 2 SO (PD-SOI) MOSFET. 26 1 8. The SO chip of claim
7 wherein® he pl & POrEOTorvEEHET: LeNEESeSIRE: 4dbody 2 region with a
dopi ng concentration ranging fromabout 1 x 1018 to about 2 x 1019 cm3. 1

9. The SOP chip ofsoulcaiepiod anhetiah RebReoRh@NRhLoR ET has a.gate
length and a 2 width, the gate |ength bel ngpgm%ﬁgbe%ﬁn%”ﬁgréﬁ%%?ml 10.

The. SO. cHi ptathe gtaaedrHamwhepeh Rich he: lkdiiRl&5 ET .is processed
by 2 reducing a device width to |ess tha%rﬁ\#gée&%ﬁ?ggmww Yof a

depl et i on 8l ayerstraidedkBanndiRghica@ chip of claim 1 wherein the multiple-gate
MOSFET and the planar SO ~ 2 MOSFET are isolated by using a shallow trench
isolation. 1 12. The SO chip of claim 1l wherein the shallow trench

i sol ati on1i ndf.uder t J; of . nor e, t han._about 300
angstrons. °a01 b]ﬁﬁ)bmduﬁﬁs ard R §°§T‘Pﬂ3mg a lingh stress film overlying the gate

2 electrode, the source region, and the drajn region.

t 18 The SOI chip of claim 17 wherein the bj gh stress film comprises silicon nitride.

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

2 surfaces, and wherejn the high stress film contacts the sidewall surfaces of the semiconductor fin,

| t20.  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 2L. The SOI chip of claim 16 wherein the silicon fin has a height of less than about 200

2  angsiroms.

E BT T 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 angsiroms,

1 23.  The SOI chip of claim 16 wherein the silicon fin has rounded comers.
1 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.



1 13. The SO chip of claim1l wherein the nultiple-gate MOSFET and the

pl anar SO 2 MOSFET are isolated by using nesa isolation. 1 14. The SO
chip of claim1l wherein an active region of the nmultiple-gate MOSFET has

2 rounded coners. 1 15. The SO chip of claim 14 wherein the rounded
corner has a radius of between about 10 2 angstrons and about 200
angstrons. 1 16. The SO chip of claim1 wherein the nultiple-gate SO
MOSFET conprises: 2 a silicon fin ove?d ying a portion of the insulator

| ayer; 3 g Stp,éai nTehg channel region formed in a portion of the silicon fin;
4 a gate di ekect ribe SDagtey ofakdn 1Y kbeeik L ad nnel region;, 27 5 a
gate electrode fornmed on the gate di e:ﬂgg'?%}??cpggg?%%g%as%Stgiggvgg?ce regi on
and a drakn mgﬁiudtsofﬁ%ﬂﬁbb@ﬂﬂ&%éﬂd%&ﬁg% the sem conductor fin adjacent

7 to the strained channel region such that the source region is separated
~fromthe drain region by 8 the strained channel region. 1 17. The SO chip
of claim 16 &hd fieiSHechiceMih S| i ess filmoverlying the gate

2 el ectrode, the source lfe'gi on,Eg%%r@%hﬁg rd%{e?lm?%&r&)rﬂlpnfesfé‘?mﬂ’@u%- chip
of claim 17 wherein the high stress filmconprises silicon nitride. 1 19.
The SO chi p2df clhaiSol dulp yhene i fi.n, has a top surface and two
sidewal | 2 surfaces, and. V\hereilﬁw%lﬁgnﬁeéﬁ&gg I layst CrppriseR 2 dpshpormpiEvity

si dewal | gurtiads. of the sem conductor fm 1 20. The SO chip of claim 16
wherein the silicon fin has a height in the range of about 20

129, The SOI chip of claim 28 wherein the relative permittivity of the high permittivity

2 material is greater than 5. ‘

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

hafn'lum oxide, hatfnium silicon oxynitride, hafnium silicate, zirconium oxide, zirconjumn

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.

T 32.  The SOIchip 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 Iayer on the sidewall.

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

2 ofthe silicon fin is less than about 20 angstroms.

1 35 The SOI chip of claim 16 wherein the gate electrode comprises poly-crystalline silicon.



2 angstroms to about 1000 angstroms. 1 21. The SO chip of claim 16
wherein the silicon fin has a height of |ess than about 200 2 angstronmns.
I 22. The SO chip of claim 16 wherein the silicon fin has a width in the
range of about 20 2 angstrons to about 1000 angstrons. 1 23. The SO chip
af claim 16 wherein the silicon fin has rounded comm 1 24. The SO chip
of claim16 wherein the insulator |ayer conprises a dielectric. 1 25. The
SO chip of claim24 wherein the insulZtor |ayer conprises silicon oxide.
28 1 26. Th%ﬁ SO_ chip of claim16 wherein the strained channel region has
a strain with-a 3¢¥ahinoiqlinis werietn gabaatrol: cbifpaREp AP Ol Bisilidon? 7. The
SA chip of claim16 where the gate dielectric |layer conprises silicon
oxynitridé. EBEIUThe SO chip of claim 16 wherein the gate dielectric

| ayer conprises a high permttivity 2 material. 1 29. The SO chip of
claim 28 wherein the relative permttivity of the high permttivity 2
material is §featlde SPhaip & clain BOwheHietSEhte elbdtRdOdomGHRE Mnd X‘ﬁ@%ﬁhﬁ'd& he
gate dielectric layer conprises alum num oxide, 2 hafnium oxide, halihium
silicon oXynPidmealc ditflni um sil i cate, zirconium oxi de, zirconium 3
silicate, or |anthanum oxide, or conbinations thereof. 1 31. The SO chip
of claim 16 wherein the gate dielectric |ayer has a thickness of between

2 about 31!ané8.abdie SODMiperfghin 06y Burther comprising spacers on the sides of the gate electrode.

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

i ) " 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 32. The SO chip of claim16 wherein a thickness of the gate dielectric
| ayer on a top surface 2 of the silicon finis different than a thickness
of the gate dielectric |ayer on a sidewall surface of 3 the silicon fin.
1 33. The SO chip of claim 32 wherein the thickness of the gate
dielectric layer on the top of 2 the active region is thinner than the

t hi ckness of the gate dielectric layer on the sidewall. 1 34. The SO chip
of claim 16 wherein a thickness of theigate dielectric layer on a top
surface g ogitheﬁsgicon finis less than about 20 angstrons. 1 35. The
SA chip of -ai i $Eonveisiiatot (SOTatEn &k .artggﬁb > | y-crystalline
silicon. 29 1 36. The SO chip of c?lagi n?gg% V\herlééf&ﬁq]zﬁ%%{%g”}é’qegﬁ bde
conpr i ses?poMplipieymaie SOI MOSFETlchig@ftes: 2 ger mani um 1 37. The SO chip of
claim 16 wherein the gate el ectrode conprises a netal, a netal silicide,

2 or a meballic nbimsilderiafer;38. The SO chip of claim16, further
conprising spacers on the sides of the gate electrode. 1 39. The SO chip

of cl ai m 38 wher aisflickdn SRAG ydth of |l ess than about 500 2
angstroms. 1 40. The SO chﬁgé%gﬁg?ngqfﬁe%g%@f@ﬂ the gate el ectrode has a

gate | ength of | esgaibdER.Al : 65.nm 30 41. A 'silicon-on-insulator
(SOT) chip including a mul ?Lf}gél%’%%éﬂ%%‘%ﬁ"% silighadingi n the 2

mul ti P' e-gate SO, MRRELLG ?arirrprrolvgr?ﬁtig 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
8

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

10 strained channel region; and

y . ) . .
1 an insulating 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.

1 43.  The SOI chip of claim 42 wherein the high stress 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 sidewall surfaces of the semiconductor fin.

1 45 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.




3 an insulator layer; 4 a silicon fin overlying a portion of the insulator
| ayer; 5 a strained channel region fornmed in a portion of the silicon fm
6 a gate dielectric |ayer overlying the strained channel region; 7 a gate
el ectrode fornmed on the gate dielectric layer; 8 a source region and a
drain region fornmed on portions of the sem conductor fin adjacent 9 to
the strai ned channel region, the source region being separated fromthe
drain region by the 10 strained channdl region; and 11 an insulating film
overlying, at Jeast a portion of the gate electrode and at |east a portion
12 of the'! seth coRBut? pfoit plaiauy laetendn hbsilishmiahned-Chapnel L 89509 1 42
The SO chip of claim4l and wherein the insulating filmconprises a high
stress fifmagstewer|ying at | east a portion of the gate el ectrode, at

| east a portion of the source region, and at 3 least a portion of the
drain reg% on@ 1 %g.ﬁér{lqimso chip of claim42 wherein the high stress film
conpri ses’' sith conthb@rapef clhinddll wikhen SOkilicRIAR nafa Ak w42 wherei n, the
silicon fin has a top and two sidewal | suﬁﬂaﬁgggs)s,avg!rlltgﬁ%e%ﬁ%e fﬂéﬂ‘il tress
fil m contactangsitves & dbewdbio mysfoages of the semiconductor fin. 1 45. The
SO chip of claim4l wherein the silicon fin has a height in the range of
about 20 2 angstrons to about 1000 angstrons. 31 1 46. The SO chip of

cl ai m 41 Whetei nThh%()ki&dpiofelﬁﬁﬁ41nwhé§nglef§§jc%hg;mh§dscgcg£e%n about 200 2
angstromns. '

149, The SOI chip of claim 41 wherein the insulator layer is comprised of 2 dielectric,
1 50.  The SOI chip of claim 49 wherein the insulator layer is comprised of silicon oxide.
1 5L

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

2 magnitude of between about 0.1% and ahout 2%.

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

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

1 33, The SOI chip of claim 41 where the gate dielectric layer comprises silicon Oxynitride.
B 1 54 The SOI chip of claim 41 wherein the gate dielectric layer comprises a Eigh,permittivity
" 2 material.

1 55

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

2 permitiivity that is greater than about 5.

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

hafnium oxi . oy s . . .
oxide, hafntum silicon oxynitride, hafnivm silicate, zirconium oxide, zirconium silicaie
3

3 o lanthanum oxide, or combinations thereof.



1 47. The SO chip of claim4l wherein the silicon fin has a wwdth in the
range of about 20 2 angstrons to about 1000 angstrons. 1 48. The SO chip
of claim41 wherein the silicon fin has rounded corners. 1 49. The SO
chip of claim41l wherein the insulator layer is conprised of a dielectric.
1.50. The SO chip of claim49 wherein the insulator |ayer is conprised of
silicon oxide. 1 51. The SO chip of ?rél aim4l wherein the strained
channel region has a strain with a 2 rAfagnitude of between about 0.1 % and
about 2%, 1 H2. . chi.p of claim4l wherein the strained channel

regi on has as%étrg%ﬁsqﬁmgfuﬁOgdglﬁl%ﬁﬁetﬂﬁléf‘ega&d%@tmﬂ?aboﬂltchi%cﬁhdwabout 2%
1 53. The, S i f claim4l where the gate dielectric |ayer conprises
silicon ?xy%?‘%?&gé%fugﬂganﬂ%@% chip of claim4l wherein the gate '
dielectric layer conprises a high permttivity 2 material. 1 55. The SO
chi p of C_J aipn 54 g\hgéei_n the high permttivity material has a relative 2
permttivity t hat 2§ Ise &t dpim Harhermindbe thisknets G e gl gielSéilic Bl bn @E top| @i m 41
wherein the gate dielectric |ayer conprises alum num oxide, 2 hafnium

oxi de, hat ni Utiespf the Siicon B¢ differels fromaiferthidkness of ihe @itedielZitt CRRE AHONASE;
zirconiumsilicate, 3 or |anthanum oxide, or conbinations thereof. 32 1
57_ The SO wHpss offtheciilisbmfitl wherein the gate dielectric |ayer has a

t hi ckness of between 2 about 3 and about 100 angstronms. 1 58. The SO
chip of claim4l wherein the thickness of the gate dielectric layer on the
top T 59.  The SOI chip of claim 41 wherein the thickness of the gate dielectric layer on the top of

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

1 60. TheSOI chip of claim 41 whetein the thickness of the gate dielectric layer on the top

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

i 61.  The SOI chip of claim 41 wherein the gate electrode comprises poly-crystalline silicon.

1 62 The SOI chip of claim 41 whercin 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, 2 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 whersin the gate electrode has a gate length of less than about
2 65nm.




2 surface of the silicon fmis different fromthe thickness of the gate
dielectric layer on the sidewall 3 surfaces of the silicon fin. 1 59. The
SA chip of claim41l wherein the thickness of the gate dielectric |ayer on
the top of 2 the active region is thinner than the thickness thereof on
the sidewall. 1 60. The SO chip of claim4l wherein the thickness of the
gate dielectric layer on the top 2 surface of the silicon finis |less

t han about 20 angstrons. 1 61. The SO33chip of claim4l wherein the gate
el ectrode,cofpri ses_poly-crystalline silicon. 1 62. The SO chip of claim
41 wherei h tHe g F%S&I%tof dale 4 onmp fidkesopolisneCrrisiralo MUSFRT bigen. , 2
germanium 1 63. The SO chip of claim4l wherein the gate el ect?ode
conpr i ses?of SALehanel famed bak silitondiglet Gvetle i@Mlagr Rt al 11 ¢ nitride. 1 64.
The SO chip of claim4l , further conprising spacers on the sides of the
gate electrode. 1 65. The SO chip of claim 64 wherein the spacer has a
width of fes® t hake ¥Wobip 0608insTangsin @EPlanst SEBVMOTRE: i§Qﬁlaﬁa!%@ ja[gpl&%pi m 41
wherein the gate el ectrode has a gate length of |ess than abou 65 rim
33 1 67.2TheDISEP-SONINGOSHETC! ai m 41 and further conprising a planar SO
MOSFET including a 2 strained channel forned on a silicon |ayer over the
i nsul at or Ia%/ﬂer. 1 68. The SO chip of claim67 wherein the planar SO

MOSFET i sta ¢ andhe 30 chip-oficpied 76shered: ﬁ%mﬁ%%ﬁ@sﬁﬁ's:ﬂlm partially-depleted
2 SOI{PD-SOI) MOSFET.



1 69. The SO chip of claim®67 wherein the planar SO MOSFET is a pl anar:
partially-depleted 2 SO (PD-SO) MOSFET. 34 Seniconductor-on-Insul ator
Chip Incorporating Strained-Channel Partially Depleted, Fully-Depleted,
and Multiple-Gate Transistors ABSTRACT OF THE DI SCLOSURE | n accordance
wth a preferred enbodi nrent of the present invention, a silicon-on-
insulator (SO) chip includes a silicon |ayer of a predeterm ned thickness
overlying an insulator Jlayer. Anmnmultijle-gate fully-depleted SO MOSFET
including a strained channel region is fornmed on a first portion of the

silicon I a§émicondphmfm-mmmﬁaﬁpiImbtpﬁxﬁﬁng Stidigkde%an Bﬁﬁé&ﬁian egi on
fornmed on anot her Pgiltieanrafl qﬁuf-p i o exa ﬁe, the pl anar
SO MOSFET can be a pl anar ?lul ;&ggbﬁ?%%e%gw%T or the

pl anar SO MOSFET can be a planar partially-depleted SO (PD SO) MOSFET.
FIG 5 ABSTRACT OF THE DISCLOSURE

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
formed on a first portion of the silicon layer. A planar SOl 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-S0I) MOSFET or the planar SO MOSFET

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

FIG. 5



