SEM CONDUCTOR- ON- | NSULATOR CHI P | NCORPORATI NG PARTI ALLY DEPLETED,

FULLY- DEPLETED, AND MULTI PLE- GATE DEVI CES BACKGROUND [ 0001] The present

di sclosure relates generally to the fabrication of sem conductor devices,
and nore particularly, to sem conductor-on-insulator chips incorporating
partially-depleted, fully--depleted, and nultiple-gate devices. [0002]

Sem conduct or device geonetries have dranmatically decreased in size since
such devices were first introduced several decades ago. Since then
integrated circuits have generally followed the two year/half-size rule
(often called More's Law), which neans that the nunber, of devices on a
chip doubles every two years. Today's fabrication plants are routinely
produci ng devi ces having 0.35 Am and even 90 am feature sizes. [0003] The ~
desire for higher performance circuits has driven the devel opnent of
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means that the number of devices on a chip doubles every two years. Today's

fabrication plants are routinely producing devices having 0.35 ym and even 50 nm

feature sizes,

"~ .{0003]  The desire for higher performance circuits has driven the development of
high-speed sub-100 nanometer (nm) silicon-on-insulator (SOD complementary metal-
- oxide- semiconductor (CMOS) technology. In SOI technology, mct;i-oxide .
semicon‘ductor ﬁe]d-effgct t'ransi-stors (MOSFETSs) are formed on a thin layer of silicon
- overlying a layer of insulating material such as silicon oxide. Devices formed on SOI
offer many advantages ov-e-r thcir.bulk counterparts, incliding reduced junction
capacitance, absence of reverse body effect, soft-error immunity, full dielectric
isolation, aﬁd absence of latch-up. SOI technology therefore enables higher speed

performance, higher packing density, and reduced power consumption.



significant design burden is faced by its users because of floating body
effects. In PD- SO devices, charge carriers generated by inpact ionization
near the drairi/source- region accurulate near the source/drain region of
the transistor. Wien sufficient carriers accunulate in the floating body,
which is formed right bel ow the channel region, the body potential is
effectively altered. Floating body effects occur in PD-SO devices because
of charge build-up in the floating body region. This results in kinks in
the -device current-voltage (1-V) curves, thereby de radlnqﬂéhe el ectrical

per f or 884t Thase ars tepuiypes oS Qedroices; partellpdepleisét SRE (BP-X)a PD- SO
devi ce n@%lé’ﬁr%}ddfﬁﬁk%%) ¢E‘]‘D Fo%y&‘e%%eg AOPD@@P@J.'(%*F 5 10R\nE &n WRELRE0N, and
0 act o fag

is a function tenperature e, circuit topol ogy,
and swi t edvinthickhessds shlclﬁéhaelftbp maxunmm@ﬁpledesﬂ@mr wuétihr@’d PR B2 BRvQes i s

not stra t Qi rier for the adoption
of PD-S Pj nl\(%fb%g&ngﬂﬂgcthhtﬂg%ggg}%g%g t{ulng% gwdé’élgn to PD-SO design.

[ 0006] %oyadftsg PRl Y0 L0, AUBRTE5RL PRILIG DALY, §Lfierdnl D BSO

devi ces rovi de an connect1 on ing a contact

to the btbcltyndﬂ@gy c@]tﬂlcexgthi)}SGII decisey kavie theienetio of hpagthiglﬂmmuf@mrawari ous

nmet hods of Ki a act .to.the., body of a n ar

but var | SEPEFL o R ERRLE S FeBh T e s sl ot Mkt FPT: P S0f R ods.

One net heol doicdshehasgyarassi g&ﬁcﬂfedtﬁjﬂr@@:t fohtratibm gehot(dy defiflsctseirsgibn  use

a |inked-bod evi ce structure. i.mted. bgahigh
91

1 f‘?ﬂé Lhe tmt@g{% S pk i
body cofif¥ BRI FLORTC T&H‘e“’é‘[o% ARSIt BAPTGSR S ET
\?\Escrl be:d:camﬁram:@&ae mat1?gra&fd}ngszt@c}b@dymmﬁﬁgﬁtoae$@mmlceecmada egionethei 03
: ere a contact region aof t con Ctl ty t node is
formed WOOKiAqtenHa!l %cﬁffeee"?lé@ftswﬁnfﬁ%t% Y16 %ﬁéooccgragﬁ% r‘f!belt‘ﬁﬂéy
el i m natiedgusielte chh@abung-vpad¥hefibaaisShodyavemar ,Thﬁshﬁsimé foenef ilBhake et al .

results in_a reduced anount of current that_ can onlé_ ag a}ndl ed fog a given
t ransi st&vicegareRi-volipge (V) marvest thrisby §889198 the Slrstriqed PETTOEIADGROf Y | | et

al, a mefihad. TRLeARAHb Aiyehodiial 6PN PBCEOSHEHBE Ha§ vhey didlg dthagsSi stor is
descrl bed. This rret hod, however, t akes lr:fg} an additi onal amount of space or

| ayout aP@amiq, O FpnsipwtdeaicepRgrabionagasi igisignsiened mann&giorefikect s i n SO
-devi ces S plAnRdORfitage, circuit topology, and switching history. Therefore, circuit design

using PD-SOI devices is not straightforward, and there is a significant barrier for the

adoption of PD-SOI technology or the migration from bulk-Si design‘- to PD-SOI design.

[0006]  One traditional way to suppress floating body effects in PD-SOI devices is to
provide an extra electrical connection by adding a contact to the body.for collection of
current due to impact ionization. Various methods of making a contact to the body of a
SOI transistor are known, but various disadvantages are known to Ee associated with
these methods. One method for the suppression of the SOI floating-body effects is to
use a linked-body device structure. However, the method is limited by a high body
contact resistance. Blake ef al., in U.S. Patent No. 4946799, described a process for
making a body node to source node connection, where a contact region of the same
conductivity type as tﬁe body node is formed within the source region in a self-aligned
fashion, thus eliminating the floating body effects, However, the method of Blake et al.
results in a reduced amount of current that can only be handled for a given transistor

width. In U.S. Patent No. 6387739 issued to G. E. Smith IIT et «/, 2 method for forming



fully-depleted SO (FD-SAO) technology. FD-SO devices do not-suffer from-.
" floating- 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 be accounted for in circuit design. In a FD-SO technol ogy,
devices with a | ow body-doping and/or a thin ‘'body thickness are used. For
good control of short-channel effects in ultra-scaled. devices, the device
body thickness is usually reduced to |l ess than one third.of gate |ength.
Such a thin body thickness would require raised source/drain technol ogy for
series resi r i an. wever: .raised so / i n. £ or mation,
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pr edet er WAdHn Si films, as required for the manunfacture of FD-SOT devices with ultra-thin
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[0008) What is needed 18 '.a{ method and system to overcomé thc-éﬁortcomings of the
prior art, ah_d to.provide a highly manufacturable PD-SOI-like technology that produces
FD-80I type devices to eliminate floating body effects. '

SUMMARY

[0009]  The present disclosure provides a system and me;thod for forming devices on
an insulator material. First, a semiconductor depletion material is formed with a
predetermined height and widthovcrlying a predetermined portion of the substrate to
form an active region. - An isolation material formed on top of the substrate surrounding

- the active region so as to bury a bottom portion of the active regioh therein, thereby
exposiné a top portion of the active region. A pate dielectric layer is deposiled for
covering the exposed the top and two sidewalls of the top portion of the active regioﬁ, '
and at least one. gate electrode is then formed on top of the gate dieleciric layer and

extending throngh two sidewalls thereof to reach the isolation matcrial.



~location. A fully-depleted SDI (FD-SO) device is formed on a first portion
of the sem conductor |ayer using a partially depleted SDI (PD SQ) ,

t echnol ogy based process, wherein an active region of the FD-SO device is

i sol ated and has two top round edges. On the sane silicon |layer, a

partially-depl eted SDI (PD-SO) device is also formed on a second portion

of the silicon |ayer. BRI EF DESCRI PTI ON OF TI E DRAW NGS [0011] Figs. 1(a)

and (b) illustrate a partially depleted SDI device and a. fully depleted

SDI device. [0012] Figs. 1(e) and (d)- illustrate a nethod for formng

FD- SOT devi ce according to one exanple of the present disclosure. [0013]
Fig. 2il}gesby att%%n@emﬁﬁﬁ Qtn%t;tfbimﬁéulétbxe dt{ cRP iSRIrmd8 WhiGea 8feehdi Ng tO

one exanple of the present disclosure Figs. 3(a)-(c) illustrate
cross seckvers aatre@aﬁer@meddéw@ess ove01iBE amugsuladtor eyt edredeterngned r i but i on

of the P %\@/@@ Hlavi w dt h and

| engt h. q(.‘)’g%‘i“ |a:{| E%f?%te (ﬂﬁ‘é&‘gﬁfggv&c@{%gﬁ (Ibm(l’!tréegiﬁgt%% cha!r)g@teerl stics

and turn- smm:bmdawtpolaycn suG0H paiEy deplcRMSSIHPRRSPB ttehmoaryibased POOER, Fi g.
6is ac h duc f nin

i dth 1 or hEPR R a R 2D s OGS IR e M NoR bERLELRT

i npr ovene®b thel samieldicdn éaymr i anphurd eldly-Bepletied 1S O RBF S dewiict s alse dofmetdi @nai n

wi dth for botWﬁg MOS . devi ces. DETAI LED DESCRI PTI ON OF THE 'PREFERRED
EMBODI MENT i 5t1]é:31érlﬁyefnvent| on provides a method and systemto
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[0011] TFigs. 1(a) and (b) 111ustrate a parttally d6pleted SOI device and a fully

depleted SOI devwe

[0012]  Figs. 1(c) and (d) illustrats a method for formmg FD SOI device accordmg to
. one example of the present disclosure.

[0013] Fig. 2 illustrates a three dimensional view of an SOI dewce according to one
e:tample of the present disclasure.

[0014]  Figs. 3(a)-(c) 111ustrate cross scctions of an SOI device.

[0015] Fig. 4 illustrates a distribution of the PD-SOI and FD-50I NMOS devices
according to the device width and length. .

{0016] Figs, 5(a)-{c) illustrate the subthreshold characteristics and turn-on behavior -
in SOI NMOS and PMOS transistors device. -

[0017]  Fig. 6 is a chart showing reduction of subthreshold swing with a reduction in
width for both NMOS and PMOS devices. :

[0018]  Fig. 7 is a chart showing improvements in the drain-induced bamer lowarmg
with a reduction in width for both NMOS and PMOS devices.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019]  The present invention provides a method and system to overcome the

shortcomings of the prior art, and to provide a highly manufacturable PD-501-like



described below. Using a specific exanple to describe the invention, it is
illustrated that the sem conductor is silicon, but the present invention
is not limted to silicon-on- insulator chips, and the same concept may be
applied to silicon-germani umon-insulator (SGJ) chips, or any chips based
on a sem conductor material such as gallium arsenide and indi um phosphide
overlying an insulator (e.g., silicon oxide, alum num oxide, and silicon
nitride, etc.). 100211 U S. Patent No. 6222234, issuedto K I|nmai,

descri bes-a nethod for the fabrication of FD-801 and PD- SO devices on the

same substrate. A SO substrate with two different silicon film
t hi cknesses. i s provided, where the FD-SO devices reside in a region with
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manuf act U@iuggll pr}QbI ens_of ED-SDI devjces ,eg%. probl ens in high series
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fl oati ng-body e fegcb?ls(% ?ﬁ&g%gr%g{nﬁ%tlog\g\%gf %Ighﬁélgg’sélgﬁﬁmﬁémrfd%hﬁ"f%ct uring
entry barsticep nitgide.t3.). t echnol ogy. . 10023) A sanple transistor fabricated
with partially-depl eted 90 pm SDI .technol ogy according to one exanple of
the preséP¥2hlny St ifatenindlp- RARAZ34) inpeditafedmandesqribes subghohfe thet h a buri ed

oxi de .t higgeraasn 6f FolRetand 399 s o dediRs: RAfL, ! %h et r i StQr..is
processed on an about 600 A thick Si & con fslg]]}nlfbn%u ?%q?ogv%télesﬁggﬂri%tgo Bion
(STI) di Erediffsremilipon Sdmabisknessemisipse\dhel, whepothy §II-500 degaterdsidedeposi t ed
after t hi‘?‘eg‘i’om with a thinner silicqn film, and the PD-SOI devices reside in a region with a '

thicker silicon film. Since the approach described by K. Imai employs thin silicon films

for the fabrication of FD-SOI devices, it does not avoid the manufacturing problems of

FD-S0I devices, e.g. problems in high series resistance, difficulty-of forming raised

souree/drain structures.

[0022]  In the present disclosure, a new technolo gy is disclosed for impl%ncnting FD-
SOI devices not by reducing the silicon body thickness, but by rearranging tiw planar ’
transistor geometry, channel length, or channel width. The present invention produces
the FD-SOI devices on 2 silicon layer having a thickness in tﬁe range of 10 .angstroms
to 2000 angstroms. The new méthod maintaips the mal_lufacfuring simplicity of the PD-
SOI technology, 'and benefits from FD-S0T’s and FinFET’s immunity to floating-body
 effects, thus greatly lowering the design and manufacturing entry barrier for SOI
technology. -

[o023] A sample transistor fabricated with partiall}dep-]etcd 90 nm SOI technology
agcdrding to one cxarilp]e of the present invention may have SIMOX wafers as its
substrate with a buried oxide thickness of about 1200 &. The partially depleted
transistor ig processed on an about 600 A thié_k silicon film. Shallow tr-ench isolation

(STD) dielectrically isolates transistors. A polysilicon gate is deposited .after the



thermal growth of a gate dielectric about 16.5 A thick. The gate dielectric
may al so be made of a high permttivity material with permttivity |arger
than 5, such as al um num oxide Al 203, hafni um oxi de H G2, zirconi um oxi de
Zr@2, or silicon oxynitride SiON. In addition, cobalt salicidation can be
used for reduced source/drain and gate resistance. [0024) A super-halo
structure is enployed to control short-channel effects wthout significant
increase in parasitic junction capacitance, The use of a super-halo inplant
and |ight body doping allows the achievenent of FD-SO and PD- SOT devi ces
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a | ong-channel device 104, the body doping concentration is |ow, .and
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. the devi cé gate wdth (o nply, -device w dth) 06. I'n Fig. 1(c), the
gat e wi dt hnd light hosiy@umhgl@ilgvgeﬂhqmenﬁ@fpﬁ@ﬁ@rﬁnﬁ%ﬁ%d@me&ee VWhen

the gate b duced to less than twi ce of the maxi num depl etion
| ayer ‘é“gﬁé%&%@eﬂ ttfésebody, as shown in Fig. 1(d), the gate field 110
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maki ng th
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Fi nFET. _ iql 4 -0R- ENSUY [ v, rtially
depl of ed 2 el RO, PRt Aoihd oG UkR ot AR s oRBGreT
formed a dmgring dOUlioitethe devp&rtioatwidtlf fnghebbdy bl leonthanwhe sidicon tfiim PD- SDI
MOSFET an FD- SO EEL ar bri cat Si PD SA technol o sed
process a'gm Fase FRLHT IgpsE Y %fﬁg%:f 8 lﬁpy‘gepl%}? AT %haflﬁgle‘g gyn%drjfgl onal
Vi ew of athmblotly pbgingatreedenti@eis269, aﬁB”r&leramietth@Hev:gatsefuullyactwilcﬁbmr 200 has a

gate el ectrode 201 on top of a gate dielectric |ayer
100261  Figs. 1(c) and (d) illustrate another way in which FD-SOI device may be

obtained by reducing the device gate width (or simply, device width) W 106. In Fig.
1(c), the gate width 106 is muc,h bigger than the depletion layer width W, 4. max LOB.
When the gate width 106 is reduced to less than twice of the maximum depletion layer
width 108 in the body, as shown in Fig. 1(d), the gate field 110 encroaches from the
isolation edges and ehmmalcs the body, thereby making the devmc fully-depleted. The
resulting FD-S01 dewce as shown in Fig. 1(d) is a multiple- gate device, and 15 similar
to a double-gate FinFET. As such, a silicon-on-insulator (SOT) ch1p may have a
partlally depleted SOT (PD-50I) MOSFET and a fully-depleted SOI (FD-SOI) MOSFET
formed a semiconductor layer at d1ffercnt Tocations, wherein the PD-SOI MOSFET and
FD-501 MOSFET are fabncated using a PD-S0I technology based process as described

above,

[0027]  Fig, 2 illustrates a three-dimensional view of a multiple-gate device 200. The
Multiple-gate transistor 200 has a gate electrode 201 on top of a gate dielectric layer
. 202 covering the two sidewalls as well as the top of a “fin” like active or depletion’

Tegion 204. As illustrated, on top of the insulator layer 206, a depletion material laver is



202 covering the two sidewalls as well as the top of a "Fin" |like active or
depletion' region 204. As illustrated, on top of the insulator |ayer 206,
a depletion material layer is 6 first established, which has its
predet erm ned height and width to formthe fin |like active region 204, and
which in turn determ nes the height of the intentional isolation recess
(which will be further described below). An isolation |ayer 208 is
deposited to surround or bury a bottom portion of the active region 204
therein, leaving a top portion of the active region exposed. A gate
dielectric layer 202 is then deposited and, like a blanket, covers the top
and the sidewal|s of the fin Iike active region 204. The gate dielectric
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portiong, of the fif:|hke, agbh 6s LEGLAR LRHBALN 1iEERS: Bholiheggat e can be

process YF 8" B YA TP E 3G arai n regi ons. The source and drain regions
' OF t he didlesic Ry the two ghitvplld oerhother enamplende dhickeas % tmgaen region.
The sourge and. drain. regions : e I hrOfen Ok aiipIEs, Banduct i ve
nat er i aldéc?%‘iﬁ‘%kg? %%%tosrglgﬁ%mgriatﬁ?%ﬂl Ztsn[l e&i%%\dnduati ve n}_g?ﬂgrli al's_can reach
the soukgekmRdolthaiste Bixlémnis layer 20dybn taporfithe petiverregion 200dedess 825070 t he t op

of the fin like tjive region.. (002 HNgl NGt Adled el Al ati on
edge of PREREOLEt ivgigh {'hgﬁaéen § Fﬁrﬁéggﬁ%éﬁp?%gﬁ&?s’ an%(taherefeateure of the
present chi iR he @epdsiedybdivaudal wphuditie gmdiﬁgl@tri@lﬂa'pa%@?erp§ﬁ CE&0TAccor di ng
to one eggttéoc(ljécqr%gés’ canF lbg 'us:% t%)fo?nq%m ti{)lb:_?ga & EevYée%Wﬁfe g%teq‘ﬁgétfcﬁic 201 can

be formed by conventional poly-crystalline silicon, poly-crystalline silicon germanium, |
as well as selective metals. '

[0028] The poﬁions of the fin-like active region on both sides of the gate can be
processed to be the source and drain regions. The source and drain r_eg?ions of the
device can be lightly dc_)péd, or ma3; include an extension region. The source and drain
regions can be strapped with one. or more conductive materials such as metals and
siticides. The conductive materials can reach the source and drain regions through

contacts on the sidewalls or the top of the fin like active region.

{0029] A corner rounding at the isolation edge of the active region of the FD-SOI
_ MOSFET is aﬁother feature of the present invention {o avoid double—hump Ics-Ves -
characteristics. According to one embodiment, Fig. 3(2) shows the top view dfa devi:cc
with the substrate 300 afier the patterning of an active region 302_surrounded by
" isolation regioﬂs 304. The sectional view of the device 300 is illustrated in. Fig. 3(b),
in which the isolation region 304 is depicted as a shallow trench isolation. In andther
embodiment, as shown in Fig. 3(c), a MESA isolation structure is used for isolation

purposes. MESA is-a widely used isolation technique for ultra thin film SOT MOSFET



with the substrate 3D0 after the patterning of an active region 302
surrounded by isolation regions 304. The sectional view of the device 300
is illustrated in Fig. 3(b), 1in which the isolation region 304 is depicted
as a shallow trench isolation. In another enbodi nent, as shown in Fig.

3(c), a MESA isolation structure is used for isolation purposes. MESA is
-a wdely used isolation technique for ultra thin filmSO MOSFET due to

t he advantages. of high integration densities and process sinplicity. The
cross- sections in Figs. 3(b) and (c) enphasize the rounded corners 306 in
the edge portions of the active region 302 adjacent to the isolation

regi ons. Ih@tormelammgcs:wmgm iiterafiod msnre@undipmcsﬁemmbaltjfsTheﬁmSéd by r.

The val ue of, r ? I 10 .angst.rons 200
roundi ng 8$clicRBI™ 3@% fi?g]o‘?ﬁnﬂhéﬁﬁgf) i pan Dﬁ%er evegr%§ %%?%%eosfses
such as eghichge re@i@ncmla@jhce:arta/uwmmrmeauga@s marefradmdfamveture Réthecti ve

region definition. |it is understood tha the ro
secti onal TeuREWOERE3§5is dgReted Py FBEIHEI]“F(S’ T&ged o O{Dhgpa%ﬁr\?{engrtégl%on in a

three-di ng h%@' C¥ iR ouhBO3QE thd Stive3{ionabgloh Q)2 selyerertchizakl Pyi | | ust rat e
an intentro I sol ati on reCcess, according o one ex%({rpl e ﬂI tctclﬁepr esent
i nvent i onPTO‘Fh‘ESeFr viek ssetrhing, aion. ankpT ppeaking REHOTEH AFHH A VESA

i sol ation HitgdtqRd totnb }6ER: thh@'sls&W)ﬁahGle“gaﬁaantiﬁct
deplete tﬁégr?g%ﬁggv %oég/gfdrﬂg%%tbfoe i sol ati (I)ln edggs In addition, the

i nt ent i ontwo roued ewsedepd ¢ftabg@ix@r@sw@xmath@md@ﬁwvéha}wel Wi dth The val ue
of Ris preferably greater than 300 angstrons, gene r}aﬁ even be
greater tHH301 heFiphiddraddclofchematierdlyi Nﬂésméf’ PR Bﬁﬁntfqnlahisf’ t’@l{‘ﬁ&% [ 00313

Fig. 41| LUSIGR £%:8 chible!oPild S sbagnbl> $61 rdbask 1 66k Mmodevu ces

accordi nga‘fc evic | engt h shown, FinFET-1Ii vi ces are
obt ai ned trenchsnalktiondeai MBS i igelation isrfesizhed W[i?ss‘i'ﬂfﬁis’éﬁ’ilkﬁllﬁlﬂﬁlm Ij—6 s is

mch smal Laes%té Qﬂ%ﬁ'&te 988 b Yo d?"&ﬁ%’f’?&%s&%ﬁ@ﬁ'% ﬁachln@ﬂl tla@tlht@ﬂh bmuc ed

paraS|t|c actiron i1s eviated In devi ces. 100
5(a): (c)rwbawiﬂlh&sogu\m ¢nteshiinded hbaraet widtbt Tae Véﬂﬁé of & 1§ PEFEC &\%r Bfu n

S0 NS A SPDERkEans! Bt ans i dlta YO oo ERIAL AISIRks VAN defive The

data hav BN CHTTEC f Eheat | ng effects.- In Fig. 5(a),
t he sat urﬂllbﬂﬂﬁlilrrﬂmutness

[0031] Fig. 4 illustrates a d1str1butmn of the PD- SOI and FD-SOI NMOS devices

: accordmg to the device width and length. As shown, FinFET-like devices are obtained
at small device widths, and the PD-S0I regmn for PMOSFETs is much smaller than ,
thosze for NMOSFETs becanse impact ionization induced parasmc b1p01ar action is

alleviated in PMOS devices.

[0032] Figs. 5(a)~(c) show the subthreshold c-haracteris__tics and turn-on behavior in
SOINMOS and PMOS transistors with various qomb{nations of Wand L. The data
bave not yet been corrected for self-heating effects. In Fig. 5(a), the saturation drain
currents Ipsar for P}j-SOI NMOS and PMOS devices are 630 pA/pm and 350 pA/pm at
a supply voltage Fpp 0of 1.0V and an ;7 0of 20 nA/pum. The kink in the ¥ s—fm
characteristics of Fig. (a) is ewdent As Ly is increased to 10 pum, as shcawn in Fig. 5(b),
‘the device characteristics enter the FD-SO0lIregion of Fig. 4, and the kink in the Ip,y'jVDS
eurve disappears. The transition from PD-SOI to FD-SOI also occurs as the widthis -
reduced from 5 pm to 0.065 um(as shown from Fig, 5(a) to Fig. 5(c)). Fig. 5(c)

illustrates the electrical characteristics of FinFET-like FD-801 tr_an_sjstors. Excellent



currents I Dsat for PD-SO NMOS and PMOS devices are 630 A/ mand 350 uAJW at
a supply voltage VDD of 1.0 V and an Jeff of 20 nAVgm The kink in the
Tres-1ns characteristics of Fig. (a) is evident. As La is increased to 10
gm as shown in Fig. 5(b), 'the device characteristics enter the FD SO .
region of Fig. 4, and the kink in the IDs-Vas curve disappears. The

transition fromPD-SO to FD-SO al so occurs as the width is reduced ffom5‘

gmto 0.065 m (as_shown fromFig. 5(a) to Fig, 5(c)). Fig. 5(c)
"illustrates the electrical characteristics of FinFET-1ike FD SO

transi st e cuvenslolf @250 BAHIH vad 480 RAMS 0 oBiZned fer/the IN-BQE 4680PI0B ar e
obt ai ned- for .t he N-MOS,and P-M3S ransi syors,, respectively; much higher
t han th'ogﬁusfsfﬁrs’JEWE%‘?IW“P‘WiWEP“E‘;EE’bWB‘? %%SIRY%TFO‘Mﬁﬁi "Iﬁi"g.g 5(a). One
reason gkt smmaﬂﬁqﬂpi X(a)  Ofe bdlSoh FRIRY ERRLed 41), ftRe $PEdVeaRiP! d
SW ng SétijIh ({Eg 331 -Fig. %Ssgﬂows ?he {r)educti on ofe & rvﬁi t?\ apregucti on in

wi dt h f oin thosubthsabeld gz MOS devices. In Fig. 7, a sinilar inprovenent
trend in the drain-induced barrier |lowering (DIBL) is observed. This is
consi stent w th doubl e-gate Fi nFET showi ng better subthreshold sw ng and

D BL. . er. ; &0 5 Fi [ e extra
ext ende g%ﬂnngﬁgmtﬂﬁg ?—%ﬁ %E%tgﬁrcl@gfeﬁtﬁgl??@\ﬁlgﬁ;lsd:w?do%gélﬁﬂqtﬁ I\?ﬁﬁm%ex;r y, the
pr esent -and FMQE devicdss. Ia Fig- & e sinaidar improxearenhireml dorthpiedp-indycet bagtir

t echnol gg{ b Nirg LOF : ' TP LSLRe
. advant agggvgﬁnogf @%Lg%%gﬁﬁe?ftg‘g%h?L%}Stglggﬁpﬁfg@%éﬁk?onver% I ng gi rcuit

desi gn fhetien syhitikeshold sging anthDEBL.nvwentheo reagemicadhd sxcellmtnbamin Figodfding body

o1 L S SPGB S NG RS, U s USTno FD-S dovices

and can al'so- have
e odud 008 "ot Qe prd B BYBIRR o1 prblof PLERE I b PORSOT | fetic
scal abi br FP-%HGM%I@'#S- Gihegirencnt givaminal cuaf sebotively Thubiwrilic edvudemss
(B e SOE D SUEBY IR0 AR (BBl b L e el e Bl Bl 1507 >
t echnol §6Mcdisiigventipysatr schéeverainimeal foariag body cifotte nbemtiereirtpitulike si gn
i ndi Cat_?ﬁal@g ciGEE BEiﬁE %-Sé& ﬁ&ﬂées(,);md can also have the freedom to adopt multiple

V,. devices in the PD-SOI region. Another noticeable improvement of the present '

invention is its introduction of double-gate FiﬁFET-_like devices, which obviously, .

benefit scalability and control of short-channel effects. The éemiconduoto:r i:e,chﬁnlo gy

disclosed herein may be rofeired to as FInFET/FD inside, PD-SOI (“FIP-SOT?). - .

{0035] A more detailed comparison with PD-SOI and FD-SOI technologies is
illustrated below in Table I, wherein one “plus” sign indicates a “acceptable” status of
the feature and two “plus” sigos indicate a “good” staﬁls, all of which are just relative

measurements.
PD-SOI___FD.S01__ FIP-SOL

Manufacturability ++ .o h

. Body thickness fluctyation immunity B L ++

Multiple 7, - : - ++ T

" History effects . N o

Body effects immunity t + T

Converting from bull design . ‘ + i

Short channe! effects + i
Sealability o e

Subthreshold swing . t t

Extra extended chamne] width Lt



the feature and two "plus"” signs indicate a "good" status, all of which are
just relative measurenents. PD-S01PD-SOiir-SAG Mnufacturabiity ++++ Body
t hi ckness fluctuation imunity + +++ Miultiple V, ++:++ History effects++++
Body effects inmunity ++ ++ + Converting from bul k design-+ -1 Short

channel effects ++ + Scalibility +++ Subthreshold sw ng44+ + Extra extended
channel wi dth+ 9 Additional body contact design Miust No need No Need 10036]
As seen above, the disclosed FIP-SO technology offers a sinple way to reap
the design-friendliness benefits of FD-SO and Fi nFETs. As the future
transistor features are further scal ed down, both the silicon body

t hi ckness and the m ni num device width w || Sggpqpreased As such, the

FD- SO and“dﬁ‘l“ﬁ‘ﬁl‘%dm“ﬁ%dﬁ‘é?/l ces vt pl a{)“’“ei“"?w eas] ngly larger roles, and

. the FIP-SOT technology could speed up ~the 1 ntroduction of the Fi nFET
technol ogy. 10037] In the, foregoing specification, the invention has been

descri hggzay t has deed ﬁsnﬁacamt&sem%a |PﬁP-fSCﬂnf@ﬂﬂiomtcﬁ'ferH9anﬁlre wasAtd fdp
nodi fi cati ons and ch an%es can ' the art w thout.

depar t ithg des B eliness penits PEED&QE %Wﬁ ¥ mlFWé nt’§‘1S (‘JLJﬁ g%ﬁgeotr”t‘ﬁsﬁﬂf’& t he

speci figatiQnrandnti &'dre%%o%ebm He sﬂfcgﬁfb% tHiBkrBs and theShiratauye rat her
than a restrictive sense, and such nodifications are intended_to be

i ncl udetivisettidth wildestestrasast ff&héﬂo})\r thedif-Shed digrE T {iko gy 16t Wikl Addfer st ood
that seﬂi&%@méﬁ? g&lrgérqr@fe's 0Lk thé W@@ﬁ t@ﬂﬂoﬁﬂ,@%hﬁ%‘e@d’ﬁp #Lintroduction

of the FInFET technology.

[0337] In the foregoing specification, the invention has been Idescribed with
_reference to specific embodiments. However, various modifications and changes can be
made by one skilled in the art without.departing from the scope of the present

invention. Accordingly, the specification and figures are to be regarded in an
ivllustrati\}e rather than a restrictive sense, and all such modifications are intended fo be

included within the scope of the present invention.

{0038} If is understood th-at several modiﬁcatj ons, changes and subsiitutions are
intended in the foregoing disclosure and in some instances some features of the
invention will be employed without a correspcmdm g use of other features. Accordmg]y,
it is appropriate that the appended claims be construed broadly and in 2 manner

" consistent with the scope of the invention.
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intended in the foregoing disclosure and in sone instances sone features of
the invention will be enployed without a correspondi ng use of other
features. Accordingly, it is appropriate that the appended cl ai nms be
construed broadly and in a manner consistent with the scope of the
invention. 10 CLAIM5S 1. A nmultiple-gate device structure, conprising: a
substrate; a sem conductor depletion material with a first predeterm ned
hei ght and width overlying a predeterm ned portion of the substrate to
forman active region; an isolation material forned on top of the substrate
surrounding the active region so as to bury a bottom portion of the active
regi on- Ch&kdEn, thereby exposing a top portion of the active region; a
gate dielectric layer covering the exposed the top and two sidewalls of. the

top port4 on f e _active region, and at |east one gate electrode forned

on top of théggﬁﬁggE?%?%%FFFH%FayﬁP@aﬁag extending through two sidewalls

t-hereof to rggﬁﬂﬁhge isolation material, wherein source and drain regions
e- gat’

of the multip e device are separated by the gate electrode. 2. The
structure of ' i.n the expo t artjon.of the active region
has its top a%%?hg@%%$g%ﬁé%ﬁ?n§qw*ﬁﬁg5?&%5?%@%B%Fe W%ﬁé&%&ﬂﬂ@ﬁ@?ﬁhFﬁ%
subst r atepredetaminethputiat dftie subdeteitaformbn adtie sgisnict ure of claim | where the
. gate dielectric layer cornprises silicon oxynitride. 5.  The structure of

. claim 1 wher#iolithe mgédriel fdmeddantiop 6f thay®etrae BRfousdsy theAbtiveieioh kb ¥é toy
erein the relative permttivity is

teri-als, 6. .The st ure.of claim5b
gr;nra e:'[ ;?H’?Wéﬁb"gf’?‘ep?ﬁm’ri*ﬁgh‘?iﬁ?ﬁ‘%f&%@%’g% ey THRENRS IPROTURR el @reretric

| ayer ceosgpmti ses A1203, Hf G2, or Zr Q2.

a gate dielectric layer covering the exposed the top and two sidewalls-of the top portion

of the active region; and

at least one gate electrode foimed on top of the gate diclectric layer and extending

through two sidewalls thereof to Teach the isolation material,

wherein source and drain regions of the multiple-gate device are separated by the gate

electroﬂc.

2 The‘ structure of claim 1 wherein the exposed top portion of the active region has its top
corners rounded. '

3. The structure of claim 1 wherein the substrate is an insulat_ioﬁ material.

4, The structure of claim 1 where the gate dielectric layer comprises.silicon oxynitride.

5. The structure of claim 1 wherein the gate diélectric layer comprises high permittivity
malerials. ‘

6. The structure of claim 5 wherein the relative pemmittivity is greater than 5.

7. The structure of claim-5 wherein the gate dielectric layer comprises Al>Os, HfO,, or
ZTO:;.

8-_ The structure of claim 1 wherein the gate dielectric layer has a thickness of beﬁveen 3
-and 100 angstroms.

11



~ The structure of claiml wherein the gate dielectric |layer has a

t hi ckness of between 3 . and 100 angstrons. } 11 9. The structure of claim
1 wherein the thickness of the gate dielectric layer on the top of the
active region is different fromthe thickness of the gate dielectric |ayer
on the sidewall of the active region. 10. The structure of claim9 wherein
the thickness of the gate dielectric layer on the top of +the active region
is thinner than the thickness thereof on the sidewall. 1 1. The structure
of claiml wherein the thickness of the gate dielectric |ayer on the top of
the active region is |less than 20 angstrons. 12. The structure of claim1l
wherein the gate el ectrode conprises poly-crystalline silicon. 13. The
structure of claiml wherein the gate el ectrode conprises Poly-crystalline

silicon g ger MaRisHiBrd 6f cIARE1 ShbdGtHS &néﬁueé?s'oaltﬂél ghte\/ﬁia&aﬂnﬂ lztyiafoxgaieaoploect rode
conprises a netal. 15. The structure of cla q% mhe% Cﬁﬁg ource

drain r elye 8we s i§ dsergeidEony theithjpleess Ofdlaﬁp%ﬂéf: Flocthit BN “r‘%‘a%ﬂ] StRe The
structura%upgrcgml m | wherein the source and drain regions are strapped by
one or nore-conductive materials such as netals and silicides. 17. The

structurg, of Ig\ls %ﬁml&@of a&ﬁl@{vh&eﬁnﬁé 866N 6! fiBENRAN 1y oL QRABS bf Ve
materi al s source and drain regions on the sidewalls and/or |op of
t he act|theaq’uegrﬂswnlsithﬂeﬂ&ﬂmﬂlﬂilecfbﬁk@ﬂSﬁhﬁ@Bf‘aﬂb?31(1‘8@1) Chl p conprising of a

silicon |ayer of a predetermned thickness overlé i nsul at or | ayer at

a predetir ni o stricheaef drim awpereinitht Thjckaess|oé theeea ECF@ @@P’) o BReEPr of or med
on a fi ftﬁ%@gﬁég%ﬂm%%frﬂ%ﬁzﬁﬁﬁe-s&%@“Of. layer; and a fully-depleted SO

(FD-SQ ) econd portion of the sem conductor | ayer,
The structure of claim 1 wherein the cvate electrode comprises poly-crystalline silicon.

.13. The structure of claim 1 wherein the gate electrode COmMprises poly—crystalhne silicon

germanium.

14.  The structure 6f claim 1 wherein the gate electrode comprises a metal,

15.  The structure of claim 1 wherein fhe source and drain rchons gach includes a lightly
doped or exiension reglon

16.  The structure of claim 1 whereln the source and drain regions are strapped by one or

more condnctive materials snch as metals and silicides.

17.  The structure of claim 16 further comprises contacis between the conductive maierials

and the source and drain regions on the sidewalls and/or ‘top of the active region.

18. A siﬁcon—op—in'sulator (SOI) chip comprising of
a silicon layer of a predetermined thickness overlying an insulator layer at & predetermined
location; - ' '
4 partially depleted SOT (PD-SOI) MOSFET formed on a first portion of the semiconductor
layer; and .

- a fully-depleted SOI (FD- SOI) MOSFET formed on a second portion of the semiconductor

layer,

wherein the PD-SOI MOSFET znd FD-SOI MOSFET zre fabricaied using a PD-S0I
technology based process.

12



wherein the PD-SOT MOSFET and FD- SO MOSFET as e fabricated using a PD SO
t echnol ogy based process. 12 19. The SGS chip of claim 18 wherein the
silicon layer has a thickness in the range of 10 angstrons to 2000
angstrons. 20. The SO chip of claim18 further conprising a nmultiple-gate
SO MOSFET fornmed on a third portion of the silicon layer. 21. The SDI
chip of claim 18 wherein a light body doping is used for form ng the FD SO
MOSFET while a halo doping is used with the |ight doping for formng the
PD-S 01 MOSFET. 77 The SOT chip of claim 18 wherein the fully-depleted SO
MOSFET is processed .by reducing a device width to less than twi ce of the
maxi mum widt h T6¢ S&I¢kiplcdtclaim 18 ayterein #:8 silifhe 136 hashi thickhiess [irmithn 28zenbi@i n an

active regi.an of. b MOSFET is isolated by using a shallow trench
i sol at’i onglh24 T%ea@é%gg ip of claim22 wherein an acti-ve regi on of the

FD- SO MXRFET 14,8 cbs Qs : i 5 . splati 5 e SQ chip of
cl ai m 18 ‘wher eT‘iil ?1 Spﬁghﬁﬁf%%ﬂn%ﬁ'ﬁgﬂa? %@%?ﬁﬁﬁﬁf%gﬁ r%zl\g[ﬁ)aSPE-{iqg%?e t9%h
recess ofthiad prreetesfdhesilivenllayei ght . 26.. The SO chip of claim 18 wherein an
~active region of the FD-SO MOSFET has its corners rounded..27. The SO
chip of Alai m2eS@heripphicltinel § whereipac light betdy dvpingds nsedifors foohirgthe FD1HOT
angstro ! t .. 28 th of formn il con: 00 | at or
Govi ces, ARSErT UM ANAL A B ie 8 vl MR SREcs e 8 Patls B RESPLID R
. substratyg co S| Skl ayver, o | yi " tor |layer
defini ng at | T 5Ok o gbéctﬁh&\%“écl%g"g‘;’iﬁ%%m e futly-deplefla 3 ’g@yﬁt‘ﬁé’r‘é\@gﬁ%eﬁﬁ egi on
havi ng a réduping hdpace witlihho tevathamciwire of the neairmen s/idth of ndeptptian ldyso! at i on
structure around the active region with an isolation recess; and .

23. . The-SOI chip of claim 22 wherein an active region of the FD-SOI MOSFET is isolated

by using a shallow irench isolation.

24.  The SOI chip of claim 22 wherein am active region of the FD-SOI MOSFET is isolated
by using a MESA isolation.

25.  The SOI chip of claim 18 wherein the FD-SOI MOSFET maintains an intentional

isolation recess of a predetermined height.

26.  The SOI chip of claim 18 wherein an active region of the FD-SOI MOSFET has its

commers rounded.

Fur

27. The SOI chip of claim 26 wherein the rounded corner has a radius of about 10 angstroms
* to 200 angstroms. _

28. A method of forming silicon-on-insulator devices, comprising:

providing a silicon-on-insulator substrate, the subsirate comprising a silicon layer bverlying

an insulator layer;

defining at least one active region in the silicon layer, the active region having 4 fin shape

with two round top comers;
_ forming an isolatjon structure around the active region with an isolation recess; and
forming transistors on the active regions.

29, The method of claim 28 wherein the isolation structure 1s a shallow trench isolation
. Structure,
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formng transistors on the active regions. 29. The nethod of claim 28
wherein the isolation structure is a shallow trench isolations structure.
13 30. The nethod of claim 28 wherein the isolation structure is a MESA

i solation structure. 31. The nethod of claim 28 wherein the round corner
has a radius 'of between 10 to 200 angstronms. 32. The nethod of claim 28
" where the height of the recess is greater than 300 angstrons. 33. A
silicon-on-insulator (SOD chip conprising of a silicon |layer of a
predet erm ned thickness overlying an insulator |ayer at a predeterm ned

| ocation; and a fully-depleted SO (FD S01) device formed on a first
(PD-801)

portion of the,;sem.condyctaor |ayer using a partially depleted SOI

t echnol ogép‘bagrélar%}’h(?ggg aim géavhelein GRsqih PR Erichly 15 A MIFS 4 1elapes Soctidevi ce i s
i sol ated and st t(%p round. edges. 34, The SO chip of claim33 further
conpri si ng'a B%Ftn? 1ofl\f gl f cthensty theppumiopymedin @ dadipg pfrbeiween &0 deednd
portion ofppftnssilicon layer. 35. . The. SO chip. of claim34 wherein a

| i ght body doping is-used for formng the FD-SQ device while a halo

dopi ng i s3ousedhvidethod besidib @8 twheRRRdYESHObr hOFHER S e ARNSEh aﬁ%%ﬁﬁ.- 36. The
SA chip of claim 33 wherein the FD-S01 device is fabricated Dy reducing a

device -wisdt h A0fijiAn BRIRGaoH BUIFE&it Sriftfeldtan twice of the naxinumwidth of
its depletion layer. 37. The SO ‘chip of "claim 36 wherein the active region

of the FD S@iideyigg drs énkeﬂ@deﬁﬁjﬁeh {B¥indds b%ly%g%ﬂ%ﬁfh}ﬁﬁr{lﬁ%? %% %%ﬁét%gi\}’ﬂéﬁ 38.

The SO chi_? of claim36 wherein an active'region o Iceis
i sol ated by!t°

caléfungndy VESA i sol ation. 39. The SO chip of clai m33 wherein.
the FD-SO device mmintains _an intentional isolation. recess of a

pr edet er mi néduletsgisied SE3 (FRROTStrYice Hoed foncd stogipnfahe pamiceralupioulay
edges have ﬁsﬁ%%@iﬂeﬁ&@&@Oﬂ@D@m {0 gy t2scA Qo BIISE T OIS, '

* wherein an active region of the FD-SOI device is isolated and has two top round edges.

34.  The SOI chip of claim 33 further comprising 4 partially-depleted SOI (PD-SO0T) device

formed on a second portion of the silicon layer.

35. . The SOI chip of claim 34 wherein a Light body doping is-used for forming the FD-SOI
device while 2 halo doping is used with the light doping for forming the PD-SOI device.

36.  The SOI chip of claim 33 wherein the FD-S8OI device is fabricated by reducing a device
width of a PD-SO! device to less than twice of the maximum width of its déplgaﬁo'ﬁ laver. . |
37.  The SOI chip of claim 36 wherein the active region of the FD-SOI device is isolated by
using a shallow trench isolation. '

38.  The SOI chip of claim 36 wherein an active region of the FD-SOI device is isolated by
using 2 MESA isolation. '

39.  The SOI chip of claim 33 wherein. the FD-SOI device maintzins an intentional isolation.

recess of a predetermined height.

. 40. The SOI chip of claim 33 wherein the rounded edges have a radius of 2bout 10 angstroms

10 200 angstrom.

4. A method of forming both partially depleted and fully depleted silicon-on-insulator
fransistors, comprising: |
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41. A nethod of forming both partially depleted and fully depl eted
silicon-on-insulator transistors, conprising: ?4 providing a
silicon-on-insulator substrate, the substrate conprising a silicon |ayer
overlying an insulator |layer; defining at |east one active region in .the
silicon layer, the active region having a fin shape wth two round top
corners; formng an isolation structure around the active region with an

i sol ation recess; and conpleting one or nore transistors on the active
regi ons, wherein the fin shape active region is forned by processes

conf orm ng ; s far nmanufacturin rtially depleted )
si|icon-on:?ﬁ?8%§?§§§@§3£?%3§@rA@?”%hﬁwﬁﬁﬂwgﬁfﬁPPEPéﬁﬁf SR VA LYBE ni ng
an isol ati o Baiertlaes further conprises forming a shallow trench

i solation structure. 43. The nethod of claim41l wherein form ng an

i sol ation siefipiegat lsast one hesive ogimprih $esilfoon tdyag thetaclmSAgich Uatink ANSEHaHEt UT €.

44, The negﬂggﬁgf i wherein the round | op corner has a radius of
between 10 to dbﬁgﬁﬁsfé%ﬁh. 45. The net hod of claim4l where the hei ght

f th ] n 0,.angstrons. 46. The nethod of_ claim41l
ohet oot SRS as ARl A0 300 SOOI Oy 1R e TR Sl 5

wherein. defin i'n shape acti usi ng one

or m)re‘pr%Gﬁﬁﬁft’t?gtﬁﬂﬁ%fﬁlﬁ%ﬁ%éﬁt&sQ%gﬁ%?tivgs for reducing a device gate width

to less than "twite o S corres W% hum depl etion | ayer width so

as to elimypate it S Cal ndi ng . devi body to forma fully-depleted
silicon-on-insul ator tr%geﬁgﬁl{s?g géfg.l C%ljﬁqgme%eby protesses conformmng to processes for .
: manufacturing partially depleted silicon-on-insulator devices, '

42.  Themethod of claim 41 wherein forming an isolation structure further comprises forming
a shallow trench isolation structure. .

43.  The method of claim 41 wherein foﬁnjﬁg an isolation structure further comprises forming
a MESA isolation structure. '

44.  The method of claim 41 wherein the round top comer has a radius of between 10 to 200
angstroms. . -

.45, The mett_u?d of claim 41 where the hei ght of the recess is greater than 300 angstroms.

46.  The method of cla1m 41 wherein defining the fin shape active region further coImprises
LsIng one or more processes equivalent to processes for reducing 2 device gate width to less than
twice of its corresponding maximum depletion layer-width so as to eliminate its corresponding

device body to form a fully-depleted silicon-on-insulator transistor.
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