WD 02/ 099891 PCT/ GB02/ 02355 1 SOT DEVI CE W TH REDUCED JUNCTI ON CAPACI TANCE
FI ELD OF THE | NVENTI ON The present invention relates to the field of
si licon-owg dswddior (SA) field effect transistors (FETSHGT/OBER2355
specifically, it relates to an SO FET having reduced junction area
capaci tance and the nethod of fabricatilng said device. BACKGROUND OF THE
| NVENTION In SO technology, a thin silicon layer is formed over an
insulating |layer, such as silicon oxide, which in turn, is formed over a
substrate. This insul@ki fgLa%ETry SeRbkS YukbiRh Sfbdfrafga buried oxide
(BOX) layer or sinply BOX TIransistor source and drains are fornmed, for
exanple, by ion inplantation of N and/or P dopant into the thin silicon
| ayer with a body region between the source and drain. Gates are formed on
top of the body region, for exanple, by deposition of a gate dielectric
and conduxEpp @nTEE tDPESTHONace of the thin silicon, followed by,
phot ol i t hographi c patterning, and etching. FETs built in SO technol ogy
have significant advantages over fELs. RULLL Mslg bdlk sild.con. hegbnol ogy.
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SO FET diomernsi aasisay ecddevinsoakéch ever wpatdtenctd eantake advadt age of , for
exanpl e, deduced.gr&aq hateti on capaci tance of downscal ed devices increases
as the BOX is downscal ed (thinned). Increased area junction capacitance
causes device performance degradation. Turning to FIG 1, FIG 1 is a
parti al cressresoto®mak wvewriv an SO FET illustrating the various active
and parasitic capacitors. FET 100 conprises a silicon substrate 105, a BOX
110 forned on top of the substrate, and a thin silicon |ayer 115, forned
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si devael | 5, 145,01, p&at erLARANCIOE.d3R. kX beRding £ rathay, t 8p: SUELAGE dp0 of
silicon lf%xe{mplantation 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. Bmong the advantages of SOI
technology are reduced short channel effects, lower parasitic capacitance
and increased drain on-current. However, as SOI FET dimensions 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 comprises 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



WD 02/ 099891 PCT/ GB02/ 02355 2 115, through the silicon layer, to BOX 110
is. shallow trench isolation (STlI) 155. The active and parasitic

capaci t orgvgaimadpgat ed as follows. A front-gate capacit orpchit@B@y2845S

bet ween gate conductor 135 and body region 125. The dielectric for front-
gate capacitor 160 is gate dielectric 230. Area junction capacitors 165
exi st between each source/drain 120 and substrate 105. A back-gate
capacitor 170 exists between body region 125 and substrate 105. The
dielectric.fqr _area,,junction.capacj .an - e, :Ltor 170
s BOX 1105 TS Basati Tance o aach o hand oasaert srame ERRETY e
wel | - knowATledgation: C° 6 080x T ox in which Cis the capacitance, Eo is
the dielectric constant of free space, Eox is the dielectric constant of
the dielectric and TOis the thickness of the dielectric. It is desirable
for front-gat 8heapadie andlsarasibiheapanigers #rortReeted 35nEPdqse t Re

on- cur r entand.decease drheso QkistGUbsREn JHteScofindcsonpt ishesbdyy either
d.ecr easl r:]:g Jt.ohel%?.l ¢ QngSllee t&%t J_Bo dk:\_eg %Qt rgét(\é é%é)acqq:op)iﬁgsiéqga@e mat e!’l al
with a hi'gh @i efectric consfant tor the gate dielectric. £ is desirable
for area feRIFoRH CApachedr 2rEE°n CaPase tehml POt O SF XEERE™ F8S%ri bed above.
However , sbtrdegddeisi raplandf evbstibaick 1ot e Ackirdkcoroy caporitter bl eFigésat t he
sane ti NMBerJhe HERSORe@ dndl g8 anbasksgalie capactioNidticsc desiambl e is to
i nprove qf f-.current r t thre I : t 119 NGt he
dielectr ij.gn?tci‘rona?aépg cgg%%:st ?gsn aqga%aacr():li t%:% g %g\ég%%\%xg%;g%: a%kle_ favpaci tor 170
i s BOX 1F@Pagittapes &pgpa"f“éhf’f 158 PP EREL T HESETDIE T8 Spti H2€ the area
junctionegapaehtors and the back-gate capacitor at the same tine. FIG 2

is a partial cross-sectional view of a double BOX SO FET illustrating the
vari ous active and parasitic capacitors. The purpose of FIG 2 is to
illustrate that a double BOX SO device still "has the problem described

above for :Cs_i:né @ BeX device. FET 200 conprises a silicon substrate 205,
a thick first BOXp210 formed on top of the substrate, a thin first silicon
| ayer 215, which is doped to about 1018 to 1019 atni cn8,

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

space, €ox 4is the dielectric censtant of the dielectric and T, is the

thickness of the dielectric. It is desirable for front-gate capacitor 160
to be large in order to inérease 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 control 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 is 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



formed on top of the first BOX, a thin second BOX 220 forned on top of the
first silicon layer and a thin second silicon layer 225 forned on top of WD
02/ 09989 1wk ab/oai92/ 02355 3 the second BOX. FET 200 f urt hgiceQpRlo2$8S
source/drains 230 formed in second silicon |ayer 225 and a body region

235, also formed in the second silicon3layer, separating the
source/drains. FET 200 still further conprises a gate dielectric 240, a
gate conductor 245, and sidemall spacers 250 formed on sidewal | s 255 of
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substrate capacitor 280, again, since the dielectric for area junction
capacitors 270 and back-gate capacitor 275 is second BOX 220, it is not
apparent that it is possible to optimize the area junction capac1tors and

the back-gate capacitor at the same time.

Therefore, a methed of fabricating an SOI FET having a small area

Jjunction capacitance and a large back-gate capacitance is required in

order to obtain all the benefits of SOI technology when dowﬁscaling.

DISCLOSURE OF THE INVENTION

A first aspect of the present invention is a semiconductor structure
comprising: a dielectric layer, the dielectric layer having a first and a
second region, the first dielectric region having a first dielectric

constant and the second dielectric region having a second dielectric

constant different from the first dielectric constant.

A second aspect of the present invention is an SOI FET comprising: a
silicon substrate having silicon layer on top of a buried oxide layer
having doped regions and an undoped region, the undoped region having a
dielectric constant different from a dielectric constant of the doped
regions; source/drains in the silicon layer and separated by a body in the

silicon layer, the source/drains aligned over the doped regions and the



A second aspect of the present invention is an SO FET conprising: a
silicon substrate having silicon layer on top of a buried oxide |ayer

havi ng dopedyiegdepns and an undoped region, the undoped r qgiTogBh@esszg a
dielectric constant different froma dielectric constant of the doped

regions; source/drains in the silicon | ayer and separated by a body in the
silicon layer, the source/drains aligned over the doped regions and the WO
02/ 099891 PCT/ GB02/ 02355 4 body aligned over the undoped region; and a
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BRIEF DESCRIPTION OF DRAWINGS

The features of the invention are set 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. 32 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 5F are partial cross-sectional views illustrating
the fabrication of an SOI FET according to a second embodiment of the

present invention



the fabrication of an SO FET according to a first enbodi nent of the
present invention; FIG 4 is a partial cross-sectional viewillustrating a
doubl e BOXo ©@W@bodoleT fabricated according to the first enbagdimers@isst he
present invention; FlIGs. 5A through 5F are partial cross-sectional views
illustrating the fabrication of an SO sFET according to a second

enbodi nent of the present invention WO 02/099891 PCT/ GB02/02355 5 FIG 6
is a partial cross-sectional viewillustrating a double BOX SO FET
fabricated according to the second enbqdi ment resent rlventl on;

and FIG 7 is%aCpdttfat PEFUSS- SE¥tT 6‘?‘1‘53109?]9\701?‘“1&2 FHYF tahgoubf fbFi%cat i on
of an SOSOFEETafeoridkhef eocwding rig elFﬁ)GdPMFmbﬁdlﬁlﬁfe‘- pEestEnpresantent i on.

DETAI LED: PESERLPTIN OF THE | NVENTI ON Referring to the draw ngs, FIGs. 3A
through 3E are partial cross-sectional views illustrating the fabrication

of an SO FET devi ce_accor ding to a first enbod t present
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the substratg. fFxtending from a top surface 315 of silicon layer 310,

t hrough the silicon layer, to BOX 305 is STl 320. STI 320 may be fornmed by
a photolithographic step, followed by a reactive ion etch (RIE) of silicon
subst r at EEBYGEP oPHSRATRLONt PR AER BOWRTXY BOX 305, fol |l owed by deposition of
an insulator to fill the trench so fornmed, followed by a
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oxynitri f or med
y lowed by ayreactlve ion etch (RIE) of silicon substrate 300 to form a

trench down to BOX 305, followed by deposition 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 in thickness, and silicon layer 310 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 315 is a gate dielectric 325. 1In 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 335.

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 & 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.



oxi dation followed by nitridation of the oxide by renote plasma nitration
(RPN) or decoupled plasma nitridation (DPN.) In still another exanple,

gate di el @@ d240998925 is a high-K material such as al um nump/ggo@z3dzal ni um
oxi de formed by CVD. Fornmed on top of gate dielectric 325 is gate

conductor 330 and forned on top of the gate conductor is hard mask 335. In
one exanple, gate conductor 330 is polysilicon fornmed by CVD and is about
500 A'to 2000 A i n t hickness and hard mask 335 is silicon oxide, formed by
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devi ce. rine 1on I nplantation is perforned to produce
fluorine rich oxide regions 375 in BOX 305. Sidewall spacers 345 limt

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, fluorine is

implanted at a dose of about 1 X 10" to 1 X 10Y 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 diives the fluorine into the silicon oxide lattice to
produce fluorinated BOX 380. Fluorinated BOX 380 does not extend undex
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. Referring 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



t he extension of fluorine rich oxide regions 375 under gate 330. The
fluorine inplantation is performed at an energy to place the inplantation

profil e paakowoddyn BOX 305 and of sufficient dosage to | @wEigeh®2355
dielectric constant of BOX 305 by about 5 to 25%after the anneal step

illustrated in FIG 3E and descri bed belrow. In one exanple, fluorine is
i mpl anted at a dose of about 1 X 1014 to 1 X 1011 atmficn® and energl es of
about 2 to 40 Kev. In FIG 3E in order to activate the fluorine,
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doubl e B cated accor ng to the first embodi nent of the
present tnsemndoroxandlis simlar to FIG 3E except for the addition of a
second silicon |ayer 385 under BOX 305 and fluorinated BOX 380 and a

second BOX 39Q bet cond sili.,con_| aver, . n
addition, STI (}g 5\e%‘gt% %h T Sﬁe i of #haolr I"Nat %g%&qgh QVQ’%#%E% éggé%én
si licon Ithyefar3gBative se@enélOJB@(T 390orHingsto BASEHRGUEH SR e hATE al

Cross- Se%&g@é}&nngmeM | wsts athNghrotidte stabyd @a&im of mans SGh Hirbuascwr di ng
to a second e i.ment t resent .nve A ough, pG.are
simlar t6° 1@§g Rthr glrﬁlehlg%(flgatlon T thag he rQQ g?a gl cv}al?{loérjl et hod
starts i ﬁubﬂl@xt%%@o %FY%Pgaasl?‘?}ﬁ ¢%h foérﬁﬂ?sf’?%ﬁeénﬁcfhﬁﬁ\ﬁﬂéc%fl B&¥E 25 ¥ hed
bet ween ahthiupssidticconEdtaypeingl f0orapdton kerfadsstiated. sBicendiamgr f416m a t op
surface 415, %hélseqmc&aﬁepeﬂlee sokhigugh dthessd | i coOrnkayeiplé 0 BBOX K05 i s

STl 420. loﬂpplrgeeseé(ﬁ”% g ox@gé( a%%§t 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 combination thereof,
and is 100 to 1000 A in thickness. Hard mask 435 is used to prevent
subsegquent 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 i1s 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.



conprises silicon oxide about 50 to 500 A in thickness, and silicon |ayer
410 is 50 to 500 Ain thickness being either P or N doped to about 1015 to
10" at m cwi) o2k0sgeed on top of top surface 415 is a gate dighegBid@s%25. In
one exanple, gate dielectric 425 is silicon dioxide about 10 to 50 Ain

t hi ckness. Formed on top of gate dielecsric 415 is gate conductor 430 and
formed on top of gate conductor is hard mask 435. In one exanple, 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 conbination thereof,
and is 100 toIROPTE-ASPn eispredkféderalaRchras 743559 §otssd ot ippeviéit ©f
Subseque%rétoelamlan;@etdegs PIQCesS6se casmpld, Usédaatiest denall Goadirs amal

descri bed, bel oy, L gL PENSLLAIL NGO AL e SROMGLAL A30;0rc0ake

di el ectri°c ““Forimed on I's photoresist 440. Photoresi st
440 is patiteraiedswiceh 416/BETe gackeqsate d2h Hri¢rfzcsaltPygned over silicon

| ayer 410 between STI 420 In FI G 5C, source/drains 465 have been forned
in silicon |ayer_410 antatlon f. eit R.dap, to a
concentrati on¥8fF Hodt 8162 féjfln%ﬁjtln? Of‘oﬁ] %L %edatoagneatcepr ocess.
Si dewal | fspna@aaerSOXidernrtegﬂtdmé €30 endioBn4 et sBha ééP@l?@ﬁnﬁ“PABEtﬁ}ﬁdérlsgat e
430. The pkegiaBa0ft afi tidigh tayesicAife hapwaentseupecetdrapeas: 465 iandoinder

gate 430 '§4}1%W sﬁ@gmn%ga QN A7Q, 1J>vsexst99yqueb@ctqb;geao\f@gar;thaﬁ FokGi05C

|IIustratesa evi ce ust. a l]. illustrate a
partial | Y uét% aéﬁ’/l éer\f@60§7n69§8% ég’f)"lzt/e %ﬂlyg 3IIEna G 5D,

second S|dé§walbleds¢?d@ér s 47 5rqaresatdenetl vor désl%@n*b@fd af g §pssiodedraur

spacers 445.,hn QNE ©XBNiG, 2£Ga8dSidauabE SBaces Sc4db edr e silicon
nitride and are about 100 to 2000 A wide at the second sidewall spacer

475/ gate dielectric 425 interface 485. In FIG 5E, a fluorine ion
i npl antation irs peF.f 6F ek boder bduckivdteutrd Héueiich, o denydgbostdIR in
BOX 405. cfhe.d 1996 ' B%Adigplmfr@&érperlo%hep%rnegﬁr&a@ at RRreRRugY foeiplaes the

i npl ant ati on r0| K withi of .suffi t .dosa to | ower
t[\rg di el é’ét\"ri &B?ﬁflﬁn erFSB%f g rl%e mg a{}le Sto “5Bog gFggLrat? %’ g?meal st ep
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i npl ant edboay avdose efigmilFauint hmoint014int ond eXaid®le; BOHIA0Athagnd ener gi es of

about 2 Qﬁefg%tggg-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 Tox

for BOX 405 and fluorinated BOX 495 is the same but €ox 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 5E 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. In addition, the steps for forming hard mask
335 are eliminated. In FIG. 7 a second photoresist layer 510 is formed on
gate 330 and top surface 515 of gate dielectric 325. Photoresist 510 is



In FIG 5F, in order to activate the fluorine, an anneal of between 600 to
1100 C under nitrogen or other inert gas is perfornmed. Activation of the
fluori ne g osgsogolne fluorine into the silicon oxide |atti get@Bo2pRsEUCE
fluorinated BOX 495. Fluorinated BOX 495 does not extend under body 470
any significant amount. In one exanple, sBOX 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 TX for BOX 405 and fluori nated
BOX 495 is the sanme but CO of BOX 405 is higher than Eox, of fl uorinated
BOX 495 iR*LFoTTIeewEttthat St tEapacitante % %Ee%fr €877 Ut oS TRyEL Tor s
formed freng sturce/dr al hsnedioSuct oy Bhdavedls BOX afgSnagnkrs apsce@ing®0 is

| over t hagist b weapagiatancasofnd ker baok- gat e eneapaint Ofs harRdldfignmdandy
470, BOX 405 and substrate 400. FIG 6 is a partial cross-sectional view

i |1 ustratiH§ed @subtecptK dS@CelgE’TltFlab?rigcﬁf‘éed 188¢5¥di ng to the second
enbodi nent of the present invention and is simlar to FIG 5E except for

the addition of; @,$860858) 3 L&A JrRYEFes290 Eliiﬁdﬁiml@%é@§t@;&dorfl|d£0rl nat ed
BOX 495 and a second BOX 505 between the second sj

subst r at €400 ﬁl%d’ﬁf?‘%r’feg@’is SR8t eats thr oJ&ﬁ %11‘\?5?% nalf‘%ld“%i‘)%%%
t hr ough siecoerfosingd conat arergB0@ pPlageserso P BOK5ES. PHitle Pk Hthart i al
Cross- secioxon@ aMb e shitistieat iddgageoc foabt itmat #:001 e0frian c&@takEbraseor di ng

to a thir ngp%g QP%t tgf%!it/hgfipéfre%ﬁéﬂannéﬂvggéf Qﬂlu&lrg;cecy :L.hSFliGnt%degnt 0
repl ace t rocesses | ustrate

d.describ boy
addi ti on, Ont‘eh PEPS fle?“f”c?rﬁ‘fri‘d‘pﬂ%ﬁt& sk 9%9%s5° graéooé |mlxng(§i g %{ {)G 7 a
second phﬁh@&@Slasa dmyeleH bl dmutor medeomevgat e 330 and top surface 515 of
gate dielectric 325. Photoresist 510 is WO 02/099891 PCT/ GB02/ 02355 9

patterned with a slightly larger FET gate pattern than was illustrated in
FIG 3A and i P8l PYifedPstRon of Hde Sigenats $26RaI555AS Yy ePYEGtre erFdPAT s
365 bet wegkvspacetha3dbdand afding320.thEhiesenbadi-emriioni scpatll oal arly wel |

sui ted fq;ndlapsrtg)%d@;td@yé %M\eltoh 10ng: 9at e.d ggg@mlalsle%s@m@tézo of
second phot g{@Sl St limt th a]?efde si on ne rich_oxide resgl ons

of
375 under®<§ e§3lﬁerefﬁe Fuof i 8 Pantat ?6n mOdlfulﬁaJE Tetred &S eher gy to
pl ace t hendnpibgit betiions pridfi e peedteviRRFARt BOXHBUS BRHd16F Sutfs érént
dosage t ovilkbwver ckbertdinel Bohr tiee const antthef iB@Xtion. For example, the

invention is applicable to raised source/drain FETs, wherein the fluorine
implantation 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.



305 by about 5 to 25% after the anneal step illustrated in FIG 3E 1In one
exanple, fluorine is inplanted at a dose of about 1 X 1019 to 1 X 101’

atm cn?2 anwd) @nespyes of about 2 to 40 Kev. The descri pti aetedBingsss

enbodi mrents of the present invention is given above for the understanding
of the present invention. It will be understood that the invention is not
to the particul ar enbodi nents described herein, but is capable of various
nodi fications, rearrangenents and substitutions will now becone apparent
to those skilled in the art w thout departing fromthe scope of the

i nvention. For exanple, the |nvent|o%LLﬁdappI|cable to raised source/drain
FETs, wherein the fluorine |nplantatrUn‘and anneal steps nmay be perforned

ei ther before Piiafd@Fothesuirormtiiaan pfcitiherdeat sednsostge (erai n. I n
addition, the fluorine inplant and anneal steps nay be perforned bef ore

source/dralﬁs aré’ for med by replacing the gate after the fluorine inplant
and anneal and then perform ng source/drain spacer, inplantation and
anneal steps. A\GLDRHPOOBY] PAITtEBOR2Mh62BESa 413 iGh\IeBer 1(31A) on top of a

Si : i con- ?cm;rhé@ lélxa&frla&&é] 03061 elhdveftg}‘ a6ped E:azghsdnsE o3s0( F&ld ancmpécsiraglorad
silicon O url e
%%9% 3§§g§ Jn%gg &gzgﬂ% ggﬂng %§g§§@gc &JA;)C&@@ daepexgat 8¢ roRUL

oxi de | ayer , nd an undoped region (305),
sai d undopédeFEdF oTPWATE %hﬁf Si%ef rf%ﬁﬁﬁﬁétant different froma

di el ectric constant of said doped regions; source/drains (365) in said
silicon | ayer aandcsepaiad edeby ia bodysiii2éR)1dyBr Saidds&idriaeen vlyay efody sai d

Source/dr%hg? A ggﬂ@%ﬂ/ o 93%4 dg soJr%Q/i;;g_nmqla@é@ obggysa%lcg,ggg over

sai d undoped regi on; ectric sai d body and a
gate (330‘§eg6?lnst Bﬁd St?flds]%l‘?dd' g%]tjﬁnﬁii e°IV8JétSrall8 P ée?bl’ ’FE‘Td of claimi1,

wherein said dielectric constant of said doped regions is |ess than said
di el ectric constatd tisairdcurmtopesh toe@iroBaiBbodhan®A@ oeEd ©GBOCIcal b2,
wherein the saj d.di el;ectddG.constant of said doped regions is 5 to 25 %
| ess than said dielectric constant of said undoped region.

2. The SOI FET of claim 1, wheiein said dielectric constant of said

doped regions is less than 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, where said doped region is doped

with fluorine.

5. 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.

6. The SOI FET of any of claims 1 to 5, wherein said silicon layer is
50 to 500 A in thickness and said buried oxide layer is 50 to 500 A in

thickness.

7. A method of fabricating a silicon-on insulator (SOI) field effect

transistor (FEI) comprising:



4. The SO FET of any preceding claim where said doped region is doped
with fluorine. 5. The SO FET of any preceding claim wherein said buried
oxi de | ay@io 02991 first buried oxide layer and further comuieBnRg2ssssecond
silicon layer on top of a second buried oxide |layer, said second silicon
and said second buried oxide |ayer between said first buried oxide |ayer
and said substrate. 6. The SO FET of any of clains 1 to 5 wherein said
silicon layer is 50 to 500 A in thickness and said buried oxide Iayer is
50 to 500 Ain thickness. 7. A nethod of fabricatin |I|c

i nsul ator ( SOPFOYIHERG 2fFedfon tsfuﬁﬁ%‘iaE?O(Pof’):é’la)Vl%%r‘Fdll?%‘?“ngay% 0@’9891
PCT/ GB02/0®23565 a QuripdostidiengaeersiPi>don substrate (300) having si I i con | ayer
(310) on top of a buried oxide layer (305); formng a gate dielectric

(325) on top gor+ik% §i Lo lélaaé@hc E95MAG. 2 gatg.conduchor, 2y £330) on top

of said gate ectric; ornlng source/dralns (365) in sai silicon

| ayer, said source dralns bei ng separated by a body (370) in said silicon

| ayer, said bddyninserngetal Pordtendér0sardtars; sandster i Hgc8Bled regi ons
(380) in said buried oxide |layer, said doped regions being aligned under

sai d source /%ro%ﬂﬁg apgd.-ayingsa §jd5$| ?rptsléi&: s:ﬁ@@oﬂ: @Q&eldl LEer eptrder om a

dielectric constant of non of .sai uried. oxide | ayer.
8. The netROY 8P &°RT e&%épé‘l (gygu(%%ﬁo ﬁ%gsllolﬁgo%reayﬁuorlcﬁatgﬁ by
|nplantlﬁgl@¥G@FWﬁ§iPﬂ@%f§aiﬁéﬂéﬁe@nﬁeglon. 9 The net hod of claim 8,
wherein the inplanting of fluorine is perforned at an inplant energy

sufficient to meﬁ% tbs.Peakiffs the) fd QQM Nk 8P| 3Ake diaghs,i BHLd @Bp¥ t hi n
sai d buri ed, omg1E gflrﬁ%ogtghe nethod o /§g§£g1%do&ﬁgjﬁlgyﬂFl&H%gger
F

conpri si A§ afHe enperature ra
1100C. 1lc°nwtnéﬂf@a%*¥ Ay wlelr%qtﬁtc Y’OP%taI‘G OWFe‘ilorPegan‘?fla’i‘%l ‘@ltkic
const ant «f ssial dudiepedzidegiays-.is 5 to 25% 1| ess than said dielectric
constant of non-doped buried oxide.

8. The method of claim 7, wherein said doped regions are fluorinated by

implanting fluorine into said doped region.

9. The method of claim 8, wherein the implanting of fluorine is
performed at an implant energy sufficient to place the peak of the

fluorine implant distribution within said buried oxide layer.

10. The method of claim 8 or claim 9, further comprising annealing said

SOI FET in the temperature range of 600 to 1100°C.

11. The method of any of claims 7 to 10, wherein said dielectric
constant of said doped regions is 5 to 25% less than said dielectric

constant of non-doped buried oxide.

12. The method of any of claims 8 to 10, further comprising forming a
first spacer on sidewalls of said gate to limit extension of said

source/drains and said fluorine implant under said gate.

i3. The method of claim 12, further comprising forming a second spacer
on sides of saild first spacers to limit extension of said fluorine implant

under said gate.

14. The method of claim 7, further comprising forming a hard mask on top

of said gate.

15. The method of any of claims 8 to 10, further comprising forming a
patterned photoresist layer on top of said gate, said photoresist layer
having an edge extending and aligned over sald source/drains to limit

extension of said fluorine implant under said gate.



12. The method of any of clains 8 to 10, further conprising formng a
first spacer on sidewalls of said gate to limt extension of said

sour ce/ draigwipesgdr sai d fluorine inplant under said gate. Ig1T/dbe/sdshod of
claim12, further conprising formng a second spacer on sides of said
first spacers to limt extension of saitkfluorine inplant- under said gate.
14. The nmethod of claim7, further conprising formng a hard mask on top
of said gate. 15. The method of any of clains 8 to 10, further conprising
formng a patterned photoresist layer on. top. of said. gat ai ,

phot or esi 't | ayf&r "1 Ay 28X @ é:éa’éist znt i 111%' ARa A S?ﬁé‘g 535%?°%s%| T e
source/ drigl tie 308 Piim thidsespsirdnsaid Baiigdf oxicei Frvernpt aft tundér? ¢ai d gate.
WO 02/ 09989%kiXsE/. GB02/ 02355 12 16. The nmethod of any of clainms 7 to 15,
wherein said silicon layer is 50 to 500 A in thickness and said buried
oxide layer is 50 to 500 A in _thickness.,h 17. The nethad of .claim7?

wherei n sdi-d biFi BEFIGK gk T-avRr i W rség‘tlgf boﬁfrlle‘gcfxéi%? eayfa]éylesraaér%s?urt her
conpri si rgpracs ecode 1siver ;o Fagkder orempoising a geserbAd R SWexP&°P ffer ,
sai d secoNdesbld 6@ andxsai dagaconsidueird sioxicae dndyeridetamentsaked fir st
buri ed Oxsﬂﬁelf%s% NG 52id; §UBSEE 8181 d 8x: dhe. Bt had &fiqanwetaid.ains 8 to
10, wherein sai lourine is inplanted a dose of 1 X 1014 to 1 X 1011
atmcn? and at energies of 2 to 40 Kev.

18. The method of any of claims 8 to 10, wherein said flourine is

implanted a dose of 1 X 10™ to 1 X 10 atm/cm2 and at energies of 2 to 40

Kev.



