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relates to the field of silicon-on-insylator (SO) field effect

transistors (FETs); nore specifically, it relates to an Sol FET havi

reduced junction area capacitance and the nethod of
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fabricating said

devi ce. BACKGROUND OF THE | NVENTION I n SO technol ogy, a thin silicon | ayer
is formed over an i £y Wiy REDUCEDC mxcele, which in
is formed over a substrate. This insulating Iayer is often referred

a buried oxide (BOX) |layer or sinply BOX Transistor dra| ns are
formed, for exanple, by ion inplantation of N and/or IMMMM@ 'Hto t he

thin silicon layer with a body region between the sourcex
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are forfrEdPotF t B\“’Ef"ﬂ@” body region, for exanple, by deposition of
di el ectric and conductor on a top surface of the thin silicon, followed

by,
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on- cur rfebtricddneverid @evi8el FET di nensions are downscal ed ever snall

t ake advantage of, for exanple, reduced area junction capacitance of

turn,
to as
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downscal ed devices increases as the BOX is downscal ed (thinned). Increased
ar ea j FACKERIYNE aFfadHE aRENE®lises devi ce perfornmance degradation. Turning
to FIG 1, FIG 1 is a partial cross-sectional view of an Sol FET
illustrating the various active and parasitic capacitors. FET 100
conprises a1si E(DI)QBCIGLH).S§§ AlaetiBSs 1 B BIX bR i@rfa’grﬁiad)evé:pl:hnoinstuhgfln
substrate, and_ a thin.sili cerlI ayer, 115, for rne*c%0 %Qeof t he BOX. FET

ayér, such as si in turn, r a substrate.
This insulating layer is often referred to as a buried oxide (BOX) layer
or simply BOX. Transistor source and drains are formed, for example, by
ion implantation of N and/or P dopant into the thin silicon layer with a
body region between the source and drain. Gates are formed on top of the
body region, for example, by deposition of a gate dielectric and
conductor on a top surface of the thin silicon, followed by,

photolithographic patterning, and etching.

FETs built in SOI technology have significant advantages over FETs
built using bulk silicon technology. Among the advantages of SOI
technology are reduced short channel effects, lower parasitic Capacitancé
and increased drain on-current. However, as SOI FET dimensioné are
downscaled ever smaller to take advantage of, for example, reduced area
junction capacitance of downscaled devices increases as the BOX is
downscaled (thinned). Increased area junction capacitance causes device

performance degradation.

Turning to FIG. 1, FIG. 1 is a partial cross-sectional view of an
SOI FET illustrating the various active and parasitic capacitors. FET 100
comprises a silicon substrate 105, a BOX 110 formed on top of the
substrate, and a thin silicon layer 115, formed on top of the BOX. FET
100 further compriées source/drains 120 formed in silicon layer 115 and a
body region 125, also formed in the silicon layer, separating the
source/drains. FET 100 still further comprises a gate dielectric 130, a
gate conductor 135, and sidewall spacers 140 formed on sidewalls 145 of
gate conductor 135. Extending from a top surface 150 of silicon layer
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100 further conprises source/drains 120 formed in silicon |ayer 115,

‘body region 125, also fornmed in the silicon |ayer, separating the MAR 2005
sour ce/ dMQ AH099BBT 100 still further conprises a gate di ePer/GBoD023RD, a
gate conductor 135, and sidewal | spacers 140 forned on sidewal s 145 of
gate conductor 135. Extending froma tép surface 150 of silicon | ayer

-'6 MAR 2006 WD 02/099891 PCT/ G B02/ 02355 2 115, through the silicon |layer,
to BOX 110 is-shallow trench isolation (STY) 155. The active and parasitic
capaci t gg§, a@n%ohg&%edsmcwlllag@@ t6 ok O1¥ 192tk CARaCIhOK 1180a@%hst s

bet ween gate conduct or 135 and body region 125. The dielectric for front-
gate cad ¢tk dP3160 i s gate dielectric 130. Area junction capacitors 165
exi st between each source/drain 120 and substrate 105. A back-gate

capaci tor 170 exists between body region 125 and substrate 105. The

diel ectric f@Peat@davejaMcPrEatikhaePIBFrersL65ealrPBatias falleveapacitor 170
i's BOX #éht-fhce cappamidrane® «ffsteabétwebn tdaesecaiiiacsot QBS 4nd WHaven by the
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t he di el ectrl C C(r)}ggtan free space, 65 okre ectri c const ant of
the di ePERYSFEFEIQAGC T A5°8 i‘ﬁ’étl?“nf:ﬁ%ﬁég%rs f heé‘ltfl T HEEF &t is desirable
for fropeurserdraigpiel tave 18Gtrate BRS| ai\d@ang%)‘fred@PPQq}tPhér"@:aesfesthe

on- cur r esiweandbaizcr eagent o5 and fsubshnaeatlosThi e gieneonp fshaedeby eit her
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with a |pga glecleegrlc copsﬁant oL e E t % %Rels desirabl e
for are@HURETTOn capadi ? ei%§ap?°6 BJéS slmaﬁ efnory 5‘6 3~ i bed above.
Hovveverc?quattlps desirabl e for back- gat e capacitor 170 to be large at the
sane time. The reason a | arge

Eoon
T ox

C =

in which C is the capacitance, €&, is the dielectric constant of free

space, Eox is the dielectric constant of the dielectric and Tex is the

thickness of the dielectric. It is desirable for front-gate capacitor 160
to be large in order to incﬁease the on~current and decrease the
off-current. This is accomplished by either decreasing the thickness of
gate dielectric 130 or by using a material with a high dielectric constant
for the gate dielectric. It is desirable for area junction capacitors 165
to be small for reasons described above. However, it is desirable for
back-gate capacitor 170 to be large at the same time. The reason a large
back-gate capacitor 170 is desirable is to improve off-current COnEfdi the
threshold voltage control. Since the dielectric for area junction
capacitors 165 and back- gate capacitor 170 is BOX 110, it is apparent
that it is not possible to optimize the area junction capacitors and the

back-gate capacitor at the same time,

FIG. 2 1s a partial cross-sectional view of a double BOX SOI FET
illustrating the various active and parasitic capacitors. The purpose of
FIG. 2 is to illustrate that a double BOX SOI device still has the problem
described above for a single BOX device. FET 200 comprises a silicon
substrate 205, a thick first BOX 210 formed on top of the substrate, a
thin first silicon layer 215, which is doped to about 10** to 10** atm/cm?,
formed on top of the first BOX, a thin second BOX 220 formed on top of the
first silicon layer and a thin second silicon layer 225 formed on top of



back-gate capacitor 170 is desirable is to inprove off-current cont rboL1 t he
'threshol d voltage control. Since the dielectric for area junction AR 2006
capacitors 165 and back- gate capacitor 170 is BOX 110, it is apparent

that it is not possible to optim ze the area junction capacitors and the
back-gate capacitor at the sane tinme. FIG 2 is a partial cross-sectional
view of a double BOX SO FET illust ratr,ii ng the various active and parasitic
capaC| ors FIG 2 ist0 jllustrate that a double BOX SO
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DISCLOSURE OF THE INVENTION

According to a ﬁrst aspect of the present invention there is provided a silicon-on-insulator
(SOI) field effect transistor (FEI) comprising:

a silicon substrate having a silicon layer on top of a buried oxide layer having doped regions
and an undoped region, said undoped region having a dielectric constant different from a dielectric
constant of said doped regions;

source/drains in said silicon layer and separated by a body in said silicon layer, said
source/drains aligned over said doped regions and said body aligned over said undoped region, said
doped regions not extending under said body and said doped regions not in direct physical contact

with said body; and

a gate dielectric on top of said body and a gate on top of said gate dielectric, said doped

regions not extending under said gate.

[RALIBPP]3576.doc:gmm



DI SCLOSURE OF THE | NVENTI ON According to a first aspect of the present
‘invention there is provided a silicon-on-insulator (SO) field effect
transistor (FEI) conprising: a silicon substrate having a silicon | adARdo08
top of a buried oxide |layer having doped regions and an undoped region,
sai d undoped region having a dielectric constant different froma
dielectric constant of said doped regions; source/drains in said silicon
| ayer and separated by a body in said si41 con | ayer, said source/drains
al i gned over Asapdingdp aepthes gspagsofdheiprssentiinyerdipnahdre isqaoddest a swiwdwiidoped
regi on, o r 20i j i y and sai d doped
regi ons f%%%cq}uﬁéj%%gocr{&gﬁ%%gg (:Igfri{f%lgcg: &%a?ﬁggé@gﬁﬁga‘g’gg‘éﬁ'd a gate

di el ectric omrdvapngi sifiedrcsubstehye bavihgen gilidoa loyer b ppaif adaiied gatelagirel ectri c,

sai d doped regi.ons not. extendin der. sgid gate. [R\LIBPPJ357G doc: g nun
6 MAR 2006 © -‘"%%33?ﬁ’ieﬁﬁtﬁcdméwg?‘ﬁg?Sl&%ﬂf@&){erof the present invention there

i's provided %rﬂﬁﬁ@@%at@éorfd@&hi 6o 0@sAd gtk deRRmRN i nsul ator (SA) field
effect transistor (FEl) conprising: providing a silicon substrate having a
si licon | ayeforsying wyresfdranpinspiddgilisen e, sajé pource/drainsihging sgpareedived bedyrinc on
top of N : ) . uctor on top of said gate

di el ect trS%ﬂg;Sﬁ%cg}F ﬁd?%gkag%géd egeﬁ{ all%geﬁl%gltasl%&‘:gﬁr&%i con | ayer, said source

/ dr ai ns bei ngftgahastat eftbrbyidiaglhaidicon rubssat aving 4 sitivod laye&Ton 156 th hiery okide ng
al i gned,under sai ate; after the step of providing a silicon substrate
havi ng éaygf,l??xggxﬁg ﬂ'é‘%g‘re dBHe‘{rS%‘OB? masalgLBUFllgﬂgogg? gé‘er’ pal( dopedregionsigigradpdeme

doped r egiti ofsrcd/Mrafidlafd RAVIAELAdiBNLIHE cORYAE difRAnt rORNGHIESHE BdlRtaf d1HAGAopRET
sai d source/drains and having a dielectric constant different froma

di el ect FiEOBGAstIREriggroxidsaymsand  regi ons of said buried oxide |ayer: and
bef f i 4 . b N . i: ], f fl i d d
erore torm Q&ox%afbgmﬁg Yii& %1959&81213\6 %é%%%gégf?ﬁ{dg% I)io f'iurgn?lg dg%egéggl’{grqs;, :1 ﬁ,' ¢ IOES

regions, formng spacers on Si e, sal
ext ensi dormodg spacals sosideeddrofisaid gatadaidspaadrs limioing Beteskigest sa@ighoos/duandand sai d

gat e. BISQAiFF ([))YES(@ g%l ON OF W NGS The features of the invention are set
forth iRt REOTSARGL RIS AL ¥l €8 nvention itsel f, however, will be best
understood by reference to the follow ng detail ed description of an

illust rgtRl ve _enbodi nent _when read in conjunction with the acconpanyi ng
dr awi ngSRIHPESCRIPHOY OF RRAWINGSt i al cross-sectional view of an SO FET

1T ustrati ngThdRaMdksloPHR ifenti¥fardR8 forth in the appended claims. The invention itself,

however, will be best understood by reference to the following detailed description of an illustrative
embodiment when read in conjunction with the accompanying drawings, wherein:

FIG. 1 is a partial cross-sectional view of an SOI FET illustrating the various active and
parasitic capacitors;

FIG. 2 is a partial cross-sectional view of a double BOX SOI FET illustrating the various
active and parasitic capacitors;

FIGs. 3A through 3E are partial cross-sectional views illustrating the fabrication of an SOI
FET according to a first embodiment of the present invention;

FIG. 4 is a partial cross-sectional view illustrating a double BOX SOI FET fabricated
according to the first embodiment of the present invention;

FIGs. 5A through SF are partial cross-sectional views illustrating the fabrication of an SOI

FET according to a second embodiment of the present invention.
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parasitic¢ capacitors; FIG 2 is a partial cross-sectional view of a doﬁﬂkfzuns
'BOX SO FET illustrating the various active and parasitic capacitors;

FI Gs. 3AVOHREUYNT 3E are partial cross-sectional views il lpaTigBiongst he
fabrication of an SO FET according to a first enbodi nent of the present
invention; FIG 4 is a partial cross-sectional viewillustrating a double
BOX SO FET fabricated according to the first enbodi nent of the present
i nvention; FIGs. 5A through 5F are partial cross-sectional views

illustratinggihe fabri I n_.SAo EI. accor to a second
enbodi ment _of ?he %r)esg%%tllggvc%ﬁfg et oﬂag ‘fleng?ﬁ%%%&é’g AR F9K099801
PCT/ GBOZ 0585 5t T Ef3sedgrqegrdingate |taF SGFBE% %@e@w@ﬁmof\/téw BresgBtrati ng a

doubl e P@RntB@; FEY fabricated according to the second enbodi nent of the
present invention; and FIG 7 is a parti al cross sectional Vi ew

illustratin e r f SO Tac third enbodi nent
of the resg#tdﬂ| rnvsggt[%a%gubgﬁ“%s BT D IVI5‘I°'T' gl NTI ON Referring
to the 3dPEWFHYS® i @R, S%AF?%PBM“QEtar% tﬁéF@leaPOdJéﬂeé‘s'so%ééPlWan ews

il lustratémgidnhe fabrication of an SO FET device according to a first
enbodi ment of the present invention. The fabrication nethod starts in FIG
3A, with a silicon _substrate 300 having a BOX 305 fornmed between a thin

si | i coR*TAR7EP BERIRGFPhEF IHRSRWENHONExt ending from a top surface 315 of
silicon layer 310, through the silicon |ayer, to BOX 305 is STl 320. STI

320 may be FGFREF By % SPAGEBIIER0gIEPhiP EhEqrah IoRFOWRIEtHFL a reactive ion
etch (RiE)s-okcsidnatonessibgdtingt-ac 300 the fabfMeat iok I@Neh DaWeet @B 305,

foll OV\@&:JH:I:LG[@QSBH EQRt OfnrdBidens WAt od prrgaédtl i nddiRiod f eQ‘ﬁQ % Q& o1 TR,

n r|z

;glr Irnot op sur?tgﬂ%ﬂ% Fi ozgwqgﬁgelhp Ilsogélfﬁg F‘Es) 3$§r%’d“gb§/5|gna ot
i mpl anf HCONCBIeER 3 SRR AL keoRpEaveas3 9 PR dheosuRssralisout ESEnEonGETonA | n
t hi cknesop antdfagiel BXonf | sy bron318yers3Bl) tordd@ #hd BilitoakDess,bed mgx eit her
P or Nsalopedsto 3aboutstdGh6 44 QQJf%rﬁéJfLQFQ phE%ﬂQQo&%pEQP &kptop surface
315 i Sfoq.lgagg tq) glzee%tc{:.iv% §g115 ‘etc lrp (99!?) exa 1cbn gtr%t%' g&é rtlczz»cf03r2m a

trench down to BOX 305, followed by dep031tlon of an insulator to fill the

trench so formed, followed by a chemical-mechanical-polish (CMP) process

to-planarize to form top surface 315. 1In one example, BOX 305 is formed

by ion implantation of oxygen and comprises silicon oxide about 50 to 500

A En thickness, and silicon layer 310 is 50 to 500 A in thickness being

either P or N doped to about lO“ to 10* atm/cm’®. Formed on top of top

surface 315 is a gate dielectric 325. In one example, gate dielectric 325

is silicon dioxide is formed by thermal oxidation or chemical vapor

deposition (CVD) and is about 10 A to 50 A in thickness. In another

example, gate dielectric 325 is silicon oxynitride formed by thermal

oxidation followed by nitridation of the oxide by remote plasma nitration

(RPN) or decoupled plasma nitridation (DPN.) In still another example,

gate dielectric 325 is a high-K material such as aluminum oxide or hafnium

oxide formed by CVD, Formed on top of gate dielectric 325 is gate

conductor 330 and formed on top of the gate conductor is hard mask 33S.

In one example, gate conductor 330 is polysilicon formed by CVD and is

about 500 A to 2000 A in thickness and hard mask 335 is silicon oxide,

formed by oxidation or CVD, silicon nitride, formed by CVD or a

combination thereof, and is 100 A to 1000 A in thickness. Hard mask 335

is used to prevent subsequent ion implantation processes, as illustrated

in FIG. 3D, and described below from penetrating into gate conductor 330

or gate dielectric 325. Formed on hard mask 335 is photoresist 340,

Photoresist 340 is patterned with an FET gate pattern and is aligned over

silicon layer 310 between STI 320.



is silicon dioxide is forned by thermal oxidation or chem cal vapor,BM , .
‘deposi ti and is about 10 Ato 50 A in thickness. 1n another-0 MAR 2006
exanple)pgé?gyv%glectric 325 is silicon oxynitride forneJCH§“WH@Fﬁ§P '
oxi dation followed by nitridation of the oxide by renote plasma nitration
(RPN) or decoupled plasma nitridation (DPN.) In still another exanple, gate
dielectric 325 is a high-K material such as al um num oxi de or hafni um
oxi de formed by CVD. Formed on top of gate dielectric 325 is gate
conduct or 33D dAd. f B nokle cattop of mhotorpstiet Cdfdicttornserhed dongk 335. In
one iXt&fHﬂBGctcg:aB_So caca:rcudt _ Hsﬁdnsnas?:@@as SyPah Ve gﬁgﬁgsgosﬁa?@pé?ﬁ'tﬁé@hg%e'%?st abg“L

i Ne g ar is.siljc ox] de orned by
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and i s 3P0PFY B2IHOT A | HdeWidkPRASS TS 1S padR Sumediky GeRkprmel pr event
subsequenesitgeni ehlaandi etdchpiprfotieasmdshy asR1B pustesat.eth oha dxample3D, and
descri hedehallowpdderiy) penate adillDeod AL OrGRt Shd AREWHAE 1330t0 00@AL Ride
dielectric 325. Faormed on hard mask 335 is photoresist 340. Photoresi st
340 i s 3pathternet it APFTFE/gate dpateeric ad 1teaf#eméover silicon
| ayer 310 between STI 320. WO 02/099891 6 MAR 1006 PCT/ GB02/02355 In In
FIG 3B, the,pgid.enrp, o j i r r .10 gate conductor
330 and har gnng%ﬁ( 335 %;QE%J}Q%%%% rgg?:é%sggea%(f%t %?1’18? h;[elggﬁ%tcoo%eis?yf ﬁldd;
removed? QndéiRdartepirrers w4benMe of of BN t8i YSRAFIE rasiPnopt gaeet 330/ hard
mask 33987 S déiladim/spadetdv@doymayabeal qredsdy 6tafwal edpacekeposs tion of a
di el ept;,i\ict feaé Iemgdsmh af@oﬁr@m@eﬁgso 368 1918186 e@:&@pﬂ(zﬂ@. ﬁiedﬁx@ilohdépaffrs 345
are si : n I e_.at e Sl dewa
spacer %%%lgna%%Jeéi §%§C%§F?%e%3g§%%%{%-$ 5%23%66@ Iurrl‘wf'—‘ﬁ éatéé,:*tos’osurn?é/adr ai ns 365
have bB&EW fg??ﬁ?d‘ i37e10'si PrEgst iy éPF FLET Yy SPBTFS/ AP AnFations S efther N or P
dopant 9qR#9aF clopee At FoHBNn rebiabdue N t0d® wbil) ¥or snNEERR, foldcevwchiby a
anneal rgricees®:s Skelewpkl Spasehad Wby | tdgibntIe exivpasi an &ous@WeLce/ drai ns
365 ungley.rgad &nd80r1clh8craq o -0Ls aS|fL1fy)QeJ>Pe\£%Ei d?éJvQcQ,etb\G@e&u;ng%rugsgl drains

365 and under gate 330 is now a _
as well illustrate a partially depleted device.

In FIG. 3D, a fluorine ion implantation is performed to produce
fluorine rich oxide regions 375 in BOX 305. Sidewall spacers 345 limit
the extension of fluorine rich oxide regions 375 under gate 330. The
fluorine implantation is performed at an energy to place the implantation
profile peak within BOX 305 and of sufficient dosage to lower the
dielectric constant of BOX 305 by about 5 to 25% after the anneal step
illustrated_in FIG. 3E and described below. In one example, fivorine is
implanted at a dose of about 1 X 10 to 1 X 10V atm/cm2 and energies of

about 2 to 40 Kev.

In FIG. 3E, in order to activate the fluorine, an anneal of between
600 to 1100 °C under nitrogen or other inert gas is performed. Activation
of the fluorine drives the fluorine into the silicon oxide lattice to
produce fluorinated BOX 380, Fluorinated BOX 380 does not extend under
body 370 any significant amount. In one example, BOX 305 has a dielectric
constant of 3.9 and fluorinated BOX 380 has a dielectric constant of about
3.7 to 2.9. Referripg to FIG. 1 and FIG. 3E, since T. for BOX 305 and

fluorinated BOX 380 is the same but €, of BOX 305 is higher than €, of

fluorinated BOX 380 it follows that the capacitance of the area junction
capacitors formed from source/drains 365, fluorinated BOX 380 and .



-body, regi on 370. Qbviously, for a PFET, source/drain regions 365 are e@?‘@%ﬂﬁ
P type amslOlemyvsoegi on 370 N type, while for an NFET, sougﬁq/,@ﬁ(ﬁggﬁ
365 are doped N type and body region 370 P type. It shoul served
"that FIG 3C illustrates a fully depleted device, but could just as well

illustrate a partially depleted device. In FIG 3D, a fluorine ion

i npl antati on is perforned to produce fluorine rich oxide regions 375 in
limt the extensign of fluorine rich oxide

BOX 305. pacers 3 _
regi ons ?‘% er30 at% eﬁﬁﬁﬁ’? ﬁ%ﬁ% the| GRRAe h‘éa’icr?pi’gﬁthﬁt PHf-patepesRaGiivd at an
ener gy t&rﬁbac&oﬁnhsodmhantml 0% apd Glubkergeeakoovi t hi n BOX 305 and of

sufficient dosage to lower the dielectric constant of BOX 305 by about 5

to 25%after the anneal step illustrated in FIG 3E and described bel ow
I n one exanplerg.fhuy iangattSall &H%lsaxﬁe%%.@{alavm&l@fzs@g@iﬂg ; Hub®d BokO | X

1017 atrg energi.es of  about 2 in order to
activate g flr}%gfllcnaet%da?]c UL g8fthﬁe%ﬁv§§n '%Omf%t ffoﬁ‘ecpﬁfﬁaéF ni trogen
or ot herl“i"?fétrlt""ga%d il pEMGE kU FTRACIE e¥rapdnfonfthehadditinn phe defards t he

fluori neilitan tlhgesilsisconieaxbae 3bAitaniCel oo patoeiuBex {380 andnatsedoRO¥0380.

::I uor i n@b@%&%eg%iﬁxedg@éonwhﬁ&ﬁanyUPda% SP&Q% @{ %o?ny :%'%&Ei«l%a”%naﬁgugt
n one gx ons 0 uor | nate
BOX 380 Fae i egee) eé:t%rq}: CoRst ”a&?d G0k 380 SRR e Gy Slieb °€r?f’i'¥fd PFIG 1

and Fl Gto3fcogdneeX BoR. for BOX 305 and fl uori nat ed BOX 380 is the same but

E,x of BOX 305 is higher than G..., of fluorinated BOX 380 it follows
that the cap@.(ié r}%;a of the area unctlon capacjtors fornmed from

sour ce/ dr ai ns FSPPRal e AT BARTSEY ShYF O B2IBGogG ey 11 es MRRIDD06
PCT/ GBBORh0Z355isationr af @n39W iFET |apwerdinbatr tasheecapaentdcaneatodt tthe back- gat e

capaci t preseher tmenkiem b@ﬂds 33@ ttﬁ%@@é ﬂréds.suHQﬁatrr 8t §1300. 3AF1!hCE\"ou§1n a
parti al crosg %e%tl onalTh w il lust ratt ng. . uble_ BOX SO FET fabricated
accor di f PR P st BRER HEH B AR psré‘?éﬁtm FHrenti dntafd st&S8Pni | ar

to FIG Sé%é%?)t“opo}f*a‘tlﬁ‘@ amtﬂ% fpfmeg Beiewad a $hilpcdAicayday385lurder BOX

305 andtife gorstnated BEXed3Bhgantbra aseporarBOX 415 of silicon layer 410,
through the silicon layer, to BOX 405 is STI 420. In one example, BOX 405
comprises silicon oxide about 50 to 500 A& in thickness, and silicon layer
410 is 50 to 500 A in thickness being either P or N doped to about 10% to
10% atm/cm®. Formed on top of top surface 415 is a gate dielectric 425.
In-one example, gate dielectric 425 is silicon dioxide about 10 to 50 A in
thickness. Formed on top of gate dielectric 415 is gate conductor 430 and
formed on top ©of gate conductor is hard mask 435. In one example, gate
conductor 430 is polysilicon and is about 500 to 2000 A in thickness and
hard mask 435 is silicon oxide, silicon nitride or a combinatién thereof,
and is 100 to 1000 A in thickness. Hard mask 435 is used to prevent
subsequent ion implantation processes, as illustrated in FIG. 5E, and
described below from penetrating into gate conductor 430 or gate
dielectric 425. Formed on hard mask 435 is photoresist 440. Photoresist
440 is patterned with an FET gate pattern and is aligned over silicon

layer 410 between STI 420,

In FIG. 5C, source/drains 465 have been formed in silicon layer 410
by ion implantation of either N or P dopant to a concentration of about
10" to 10* atm/cm® followed by a anneal process. Sidewall spacers 445
limit the extension of source/drains 465 under gate 430. The region of
silicon layer 410 between source/drains 465 and under gate 430 is now a
body region 470. It should be observed that FIG. 5C illustrates a fully
depleted device, but could just as well illustrate a partially depleted

device.



390 between the second silicon. layer and substrate 300. In addition, 5%33006'

320" extends through fluorinated BOX 380, through second silicon |aye

to secondVBAXIBIN Fl Gs. 5A through 5F are partial cross- ETIGROVAIISYI ews
illustrating the fabrication of an SO FET according to a second

enbodi nent of the present invention. A Gs. 5A through 5C are simlar to

FI Gs. 3A through 3C described above. The fabrication nethod starts in FIG
5A, with a silicon substrate 400 havi ng a BOX 405 formed between a thin
silicon layer_410 and the substrate. froma top surface 415 of

silicon | ayer™F3C¢- hHr GGG Atfespt 6B?F‘ﬁr§y%7rs gf‘é BEHEU s FilegTi8YH. In
one examlre;r HA¥w40b spacapt 48RS In lane osxaorlele sabout sbdewadl 5pacérd 175

thi cknesg,e aifhcshl hR99 dk YRS ard 20odtS 180 tho2 & a AR Ldigknessnlei ng either
P or N doped to about 1015 to 10'- atmcm. Forned on top of top surface

415 is sigavelldiserernt fi7e/ s, dislpctahe @%ah’b‘%eéfag%lt"éf‘dl electric 425 is
silicon dioxide about 10 to 50 Ain thickness. .Forned on top of gate

i o1 ot i © 4 5hyicfc 932 ONAUELAT 1430 AN oL TES rpgsafm@doéo gakgonduct or

is hard mask I n Oone exa conduct o lcon and is
about 5@3uepinE0HocH oFfde rﬁeekwsé%aha BRa 8P madhke 435°41§es+’1‘5?1661?ﬁtd?PoPé
Si|liconpeirtsinde ot aa eoedyynad ipdacd hb¢ cdoplantandon préfillet pedl)POtAN BOX

t hi ckneggs Aﬂﬁ{ d£ NBee 3 4 3end ao%'f_g%dtot @omrevﬁ@tdlew@ﬁ@lt&%tamor ngxapgat i on
processes, |EI ustzzgigt eg: Ln,Fl G 8§F t%nd lde I(_:ar ged %‘f fro penetrating
into até con udt or 0% or ]1 i ECtPI 43 orrre mask 435 is
phot oreéFé?IlJP&B beRyt orHSP&‘F e“&%er sflp‘af’c’?r héd“‘%ﬂlf‘ﬁte&‘naFETd@%ﬂ @fp#térn and

is aligned quekosi ¥ 60N adm¥es AdQnbeiieeds Shbud20+o 40 kbéz 5C,
source/ drains 465 have been fornmed in silicon [ayer 410 by ion
i npl antation of either N or P dopant to a concentration of about 1019 to
1021 atm cmi IfofIwed: by ardamealacprigsesthe SleRaiat! agparntees Aabetydeni t t he

ext ensi @bo afo SO0 CE/UHNBE NS: t46§enU BA @ GAlife 4B Qas THe pb£HR84 Of AcBidaceomn | ayer

410 bet }9’?9@659 ocr%grﬂlﬁés“%% ?ﬂggﬂlﬂ?h&%@ S%.%Qc# P?é% gatfoc‘ly Legion 470.

It should served ustrates a et ed devi ce,

but couPtPqUsst THOTMRTF TS PPYrat &2 5arETRPYY ‘de ‘i“iffe t §EFR YD

02/ 0998bddy8 470 any significant amount. In one example, BOX 405 has a
dielectric constant of 3.9 and fluorinated BOX 495 has a dielectric
constant of about 3.7 to 2.9. Referring to FIG. 2 and FIG. 5F, since T.

for BOX 405 and fluorinated BOX 495 is the same but &g of BOX 405 is

higher than €« of fluorinated BOX 495 it follows that the capacitance of

the area junction capacitors formed from source/drains 465, fluorinated
BOX 495 and substrate 400 is lower than the capacitance of the back-gate
capacitor formed from body 470, BOX 405 and substrate 400.

FIG. 6 is a partial cross-sectional view illustrating a double BOX
SOI FET fabricated according to the second embodiment of the present
invention and is similar to FIG SE except for the addition of a second
silicon layer 500 under BOX 405 and fluorinated BOX 495 and a second BOX
505 between the second silicon layer and substrate 400. In addition, STI
420 extends through fluorinated BOX 495, through second silicon layer 500

to second BOX 505.

FIG. 7 is a partial cross-sectional view illustrating the
fabrication of an SOI FET according to a third embodiment of the present
invention. FIG. 7 is intended to replace the processes illustrated in
FIG. 3D and described above. 1In addition, the steps for forming hard mask
335 are eliminated. In FIG. 7 a second photoresist layer 510 is formed on
gate 330land top surface 515 of gate dielectric 325, Photoresist 510 is



- PCT/.G B02/ 02355 6 MAR 2006 In FIG 5D, second sidewall spacers 475 are ,

formed on, sjdes 480 of first sidewall spacers 445. |In one exanple, s§

si dewal | u’sopéfg@??ﬁﬁ are silicon nitride and are about 1BCI/GBOZA20& A 3\?53005
“ at the second sidewall spacer 475/gate dielectric 425 interface 485. In

FIG 5E, a fluorine ion inplantation i S perforned to produce fluorine rich

oxi de regions 490 in BOX 405. The fluorine inplantation is perfornmed at an

energy to place the inplantation profile peak within BOX 405 and of

suffici gattsasadRitoal SVWRhtifa did! e6f Igate GRRELANLHOf vﬁ@&dﬁqgtz: ) a)%om S
d e abegi

to 25% er,,t he . anneal step illustrated. in_FJG. 3E an sScri be el ow.

I n one Z{%girp%e?n?lllfora?h nefisplfcr?pk%?%[é eé’fal%s %éeald‘rgna‘b"cﬁft sourcs/drgiisto 1 X
10. 17 at’RP RfEWERR PAEREHiMS dTd §Pb#R02 hisiGmkedimeph §¥ @art5Eulaniyoveldr to
act i vat guihe kbHord-ge. rtn gdingal vigh DELWEAR 16010 1100 C under nitrogen
or other inert gas is performed. Activation of the fluorine drives the
fluorine into the silicon oxide lattice to produce fluorinated BOX 495.

Fl uori nat ed BO¥ewd8s dikds ofictecerd ehdtemedest ShHodYimd ¥ Ottenyxisingidd o€ant anount .

In one examhe, £ BOKARS rbaond 3731 BhRGH %AO& 6905t AL AlioSin? %ﬁg’?f{’,{ﬁ%i‘ E?teedz

BOX 495 ' tric constant of about 3.7.to 2.9, Ref

and FI Glp %%r @%ﬁﬁne?egﬁ'“a'} S?é%x%%(?gaﬁen&h?Ildngﬁf’htzft?éan E?GX%ﬁJQG’\%pF%k t'he"Fanme but
CO. of B¥¥3885219 ofj YHEEctandndEdge ofo LrvrsT Ehrutdddletxigomnistantobf BR¥ t hat

t he capd@ bangmusf 5 tch@sSaragaer umet aroRal apagi 1lonst faredeth ffremisouree/ dr ai ns

465, fluoyeRadRd, BO%r498 ;andnSuhedd at & 400: icx Lower 1 thagutie capaei tance
of the back-gate capacitor fornmed from body 470, BOX 405 and substrate

400. FIE™/EMF A pRGHGEF Ur 88Utsectd dfdfevwi ew il lustrating a doubl e BOX
SO FET fabricated according to the second enbodi nent of the present

i nvention ang,d L7l G t L.t i of a second
silicon |a gfr% é5§8§tllr?glé?£n8t8% 5%656%%&1% %g%ﬁc(%r ?%\_gthgdp%égggdg Vgrﬁnt °a sedond BOX
505 bet3RE&N 13Fe tBRBAGT EianFLeh of aij6r PEATA™E LIPS ER e - 4D with baddi ti on, STI
420 extwhdsstaedotieft thedmvaatied BOXod3s, thdhpeugirwdee ontbogidenton | ayer 500
t 0 secardcB®%d50breinl Gut? ik ScapaPRy bif dars b5 fo8Llda006Hs, ViQw iddMstEat i ng

the faRni 63l 90ufon@N. S nEF e a5&OLAINENE Qo fU." gy &MRedi Nt of the

resent . .
P without departing from the scope of the invention. For example, the

igvention is applicable to raised source/drain FETs, wherein the fluorine
i}ﬁplanta'tion and anneal steps may be performed either before or after the
formation of the raised source drain. In addition, the fluorine implant
and anneal steps may be performed before source/drains are formed by
replacing the gate after the fluorine implant and anneal and then

performing source/drain spacer, implantation and anneal steps.




invention: FIG 7 is intended to replace the processes illustrated in FIG
3D and described above. In addition, the steps for forming hard mask - BBAR 2006
are elimnated. In EIG 7 a second photoresist layer 510 is formed on

gate 330 and top surface 515 of gate di el ectric 325. Photoresist 510 is WD
02/ 099891 9 PCT/ GB02/ 02355 - 6 MAR ' 2006 patterned with a slightly |arger
FET gate pattern than was il lustrated |8 FIG 3A and is aligned such that

si dewal over source/drains'¥365 between spacer 345 and STI 320.
Thi s eﬁ%@é?ﬁgﬁﬁJpgﬂﬂ%rtlcuIarIy well suited for large FET devices with
| ong gate lengths. Sidewalls 520 of second photoresist 510 imt the

extenS|on of fluorine rich oxide regions 375 under gate 330. The fluorine
i mpl antlat i oft Slli@“ﬁ@rlﬁ@ﬂﬁ@dsﬁl) fagld effmtgynmiormFEb)@omasmg’pl antation profile

Const ant of * B0 SRS e F 4L op ST ke af¥E v  Cfpeopeteefrea |

FI G 3BEnd dmundopel &g@rmdaﬁi urfdop@ depien havihg B URMcRR Rhstant @oERe froaPPlikledtrik 10"
to 1 X 10" ﬁ{séldo‘{%ﬁﬁﬂnd energi es of about 2 to 40 Kev. The description of

the enBUHiaRE EEffilésent invention is given above for the
under st andi Mr&?dr&lh?m@’aﬁﬁs@l‘f@on'l{}%?%d %gar leli b lblodPﬁl saftf ﬁtl g sg Gat the

invention is not to the particdl escri but is
capabl &ous¢e/draing alignedouérfsaidadopehsgione and angbmyraﬂlgncdamlr saud)sﬁdopeti negms sadd |

b h th ting fromth
Ccopo. arPep kBB EEb il SRR S b ont Rt Prlameio Bl ol s Postsp oot a soa

sour cewgthaaid bBETand wherein the fluorine inplantation and anneal steps may

be perforned eléhﬁr before tgsrra after the formation of the raised source
drain. I'n atief't fFEIFcrea ten phbiaidodypd agate opiep efisaidgatestielpesrisnsgidisiopgskr f or med

beforemggmgﬁ@hg&guﬁguaagsgggﬁgg by replacing the gate after the fluorine
i npl ant and anneal and then ™ perform ng source/drain spacer, inplantation

and anneal steps. - 6 MAR .2006 WHAT IS CLAIMED -10 1. A
sili copl- OI’I-TH’&%@@IF ol{c%%r) l,kallherem sach glefectg'lrc%gr?sltasntt Of sagcl: Eb;)ed regi nrsl1sS fcssgtilan

said dielectric constant of said undoped region.

3. The SOI FET of claim 2, wherein the said dielectric constant of said doped regions is 5 to

25% less than said dielectric constant of said undoped region.

4. The SOI'FET of any preceding claim, wherein said buried oxide layer is a first buried oxide
layer and further comprising a second silicon layer on top of a second buried oxide layer, said

second silicon and said second buried oxide layer between said first buried oxide layer and said

substrate.

5. The SOIFET of any preceding claim, wherein said silicon layer is 50 to 500 A in thickness
and said buried oxide layer is 50 to 500 A in thickness.

6. A method of fabricating a silicon-on insulator (SOI) field effect transistor (FEI) comprising;
providing a silicon substrate having a silicon layer on top of a buried oxide layer;
forming a gate dielectric on top of the silicon layer;

forming a gate conductor on top of said gate dielectric;
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a silicon substrate having a silicon layer on top of a buried oxide |ayer
‘havi ng doped regions and an undoped region, said undoped region havﬁMgRgms
dielectric constant different froma dielectric constant of said dope
regions; source/drains in said silicon |ayer and separated by a body in
said silicon |ayer, said source/drains aligned over said doped regions and
sai d body aligned over said undoped regjon, said doped regions not
extendi ng under said hody and said doped’ regions not jn direct physical
contact Wi Y{E’H“’éléisﬂurﬁ?fé?,msa\ﬁ gpid siligerblaygretaitsqures /drains bpingserpsited boalodyin a
gat e oghid QRcdl 1Rl Hidi¥d§ beinglafgdddivnderS@iddhafioped  regions not extending
under said gate. 2. The SO "F of claim™, 'wherein said dielectric

const ant ofafigathd sttppé gravédjnpasilicen Jubstsatt having sslicbndagdreatiop of adnmst axide of
sai d updop region. 3. The .SO. FET.of. claim?2, wherein the said dielectric
const anytopruirEd§fne donelFaii in 574 oied ol oer Mol steicnyDitedunie
const aqid Qhurceairdingddaehgraaiélediric bonsthhediBelentfedm afdiAettriPERBRA JTHhokldBHéd
wherein said buried oxjde layer is a first buried oxide |ayer and further
conpri@ﬁﬁ@s%ﬁ?&@%ﬁ@d§FﬂFéﬁﬁnP89er on top of a second buried oxide |ayer,
said seco | -ﬂ%Mh ' ' ﬁ?ﬁ aid first
buri ed oxi (r:IBeif?gyl%r anS(;;I&msjszfi%gdeﬂisr%i és:%{rag%egc% %5&1 e r%ﬂfﬁéﬁhg?@ﬁ;ﬁ?? (r)[?as(:edi ng

cl ai m fonhigepaversaingidsivalls ofsaichgate, said sp@etsdinG0fg éxtensidnifckidessrce/dnihsaad d
buri ed hde. | i.s 50 to 500 A in thickness. 6. A nethod of fabricating
a sili Sgg(fr(lﬂ-]‘%ﬁmfﬁéﬁ darte%fms( gﬁ% S??O%“}t%l effect transistor (FElI) conprising:
providing a silicon substrate having a silicon |layer on top of a buried
oxi de ] ayer; form .gate dielectric on top of the silicon |ayer;

for m n% a g"&teém‘é%ﬂ% am G Wheish e implantingaf dlugrieg is peyfpraned at an implant energy

[ R\ LI 8RRkt p1800h F8R of SR 208 s QLTS OU L ALALAR 1L, s
silicon |ayer, said source /dralns %elng separate y a body 1 nsaid
silicon layer, said body being aligned under said gate; after the step of
provi dj ng il icon trate.havi.ng a silicon |layer a f, buri ed
oxi deog' | ay 2frh,% ég?(% Or% r?‘ti)orricﬁaémio ;%)uéglerr R ey ST}E Fbg% E%)H‘ | ayer,
sai d deppdatusghaogesofadlod gneétboe@der sai d source/ drains and having a
dielectric constant different froma dielectric constant of non-doped
regions of said buried oxide |ayer; and before form ng said source/drains
and bef or e T38intbi{dardTiaff o PElaids¥toisN G hELREHid' BEEQAS conslaRf 57 5;391 (ﬁ){Bg& felafond 1
sidewal I s of said gate, said spacers IImting extension of sa

sour ceY @raValgssthan said dielectric constant of non-doped buried oxide.

10.  The method of any of claims 6 to 9, further comprising forming a second spacer on sides of

said first spacers to limit extension of said fluorine implant under said gate.
1. The method of claim 6, further comprising forming a hard mask on top of said gate.
[2. The method of any of claims 6 to 8, further comprising forming a patterned photoresist layer

on top of said gate, said photoresist layer having an edge extending and aligned over said

source/drains to limit extension of said fluorine implant under said gate.
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}7-08-2003uor i ne doped regi ons under said gate. 7. The method of claim 8,
“wWherein the inplanting of fluorine is perforned at arNewnpdgeit senetegyuus
sufficient to place the peak of the fluorine inplant distribution within

" said buried oxide layer. 8. The nmethod , of claim6 or claim7, furt herﬁ MAR 2005
conprising annealing said SO FET in tjhe tenperature range of 600 to
1100C. 9. The nethod of any of clains 6 to 8, wherein said dielectric
constant of said doped regions is 5 to 25% 1l ess than said dielectric
const ant3.of menwdoped dfuahedEoNialas Ao The wiet&indsaid alyidh thpéfBs6 to 9,
furt herse Qepsde iangn fORIAGA:56A08 RRIEEoABeSIdlRE OF soS@l dobi L5k, spacer s

to Ilméhleignenm on of fluorine 1 nplant under said gate he et hod
of claim TUrt her conprising formng a hard mask on top of sai d gate. 12.
The rrethod of any of clains 6 to 8, further conprising formng a patterned

phot or elgli.st Ty @ethad of 0l a@fn esamde:gﬁhesaﬁﬂibdrpémbﬁiwils}exl ayes #iakieng an
edge egugagd NG as g ge n imt extensio
i dla"yeﬁ:' f9¥§1re rléf}g é%&gﬂ] %51}%0}1 layer 3: %0

said f uor| nihnp er sald

New Page® ’Zﬁ%)’ ’1‘12‘e 8 3KRR 26’056 sf3°ndl'ﬁél+f§’c"hﬁﬁld SRl rﬁFCGPdc"‘P“é'lﬁﬁ 6 to
12, \A,hé’P‘éF‘h 183PY bsitvegwealidytirst surdedtexiS60layernatdisskh esbsamtesai d buri ed
oxi de layer is 50 to 500" A in thickness. 14. The nmethod of claim§,

wher el s9al dnBURd&da0xt dayl %&aim’% 8 Ll rrit Lyndidih e QXpAR L el and Turt her

conpri gj ngadl% gec%nd S‘hgd er on second buried oxide | ayer,
sai d séCond &1 ¢6Re sél Eo]nd‘ E)?l aetﬂ‘/c‘&lad‘g FaFBRrHEcWRER $8i #0fi r st
buri ed¥8%i de | ayer and said substrate. 15. The nmethod of any of clains 6 to
14 wherein said fluorine is inplanted a dose of 1 X 101' to 1 X 1017
ratmcn? and at energies of 2 to 40. Kev. AMENDED SHEET

AMENDED SHEET



