ASYMMVETRI CAL TRANSI STOR DEVI CE AND METHOD OF FABRI CATI ON FI ELD OF THE
| NVENTI ON 100011The present invention relates to a sem conductor device and
to a method of fabricating the same. Mre particularly, the invention

relates to a sem conductor devyi ' ' i ty d a
ot hod of ASKMVERIRAALHaca LT BRIk A EARER LA R R exTIORT

[ 0002] Sem conductor integrated circuits typically conprise a |arge nunber
of MOS transistor devices. As the feature size of devices continues to
decrease, a variety of phenonena can limt a performance of the devices,
such as a value of a sw tchi RIEEPdaid THE INGRNGEONur rent or any ot her

sui tabl e performance paraneter. [0003]FIG 1 is a schematic illustration of

a kno deyj t ThEnfigMeGEes0 Rasmir oaduttGraldvigiand td Hmethodradi n regi on
30 angﬂgwgﬁannee%?ggPdh 20 between the source and drain regions O A

source_si.de. depl etion, yegi o ' OB, ' | toedivideavigur ce
r egi onfai’ﬂc%fm tgﬁf%%n 0§%Wr§81#§r &%’t%g% nat errf‘{a?llﬁ?dr;[ g Iaﬁsgl:n?gantbﬁée channel V?ggi on

20. A drain side depletion regio 2 i,s formed at a junction between the
dr ai n b@m%h@ﬁﬂgvﬁéﬁwﬂéaﬂéﬁéﬁggé8&#@5ﬁﬂﬂ¥¥ﬁ?Sﬂ%?eriaI i ncl udi ng the channe

regi on 20. [0004] The presence of the depletion regions 12, 32 introduces a
capaci tance between the source and channel regions 10, 20 and between the
drain and channel regions 30, :20 known as a 'junction capacitance'. The
junction capacitance can DESCRIPTHONIDF {IBHHREEATHD AR t r ansi st or devi ce.
[0005] In the course of normal operation of the MOS device, junctionsn the
SOUrceopp02] Semiconductor integrated circuits typically comprise a large number of MOS

transistor devices. As the feature size of devices continues to decrease, a variety of phenomena

can limit a performance of the devices, such as a value of a switching speed, a leakage current or

any other suitable performance parameter.

[0003] FIG. 1 is a schematic illustration of a known MOS device 5. The device S5hasa

source region 10, a drain region 30 and a channel region 20 between the source and drain regions

10, 30. A source side depletion region 12 is formed at a junction between the source region 10

and adjacent semiconductor material including the channel region 20. A drain side depletion

region 32 is formed at a junction between the drain portion 30 and adjacent semiconductor

material including the channel region 20.

[0004] The presence of the depletion regions 12, 32 introduces a capacitance between the

source and channel regions 10, 20 and between the drain and channel regions 30, 20 known as a

‘junction capacitance’. The junction capacitance can limit the performance of the transistor

device.

[0005] In the course of normal operation of the MOS device, junctions between the source

and channel regions 10, 20 and between the drain and channel regions 30, 20 are reverse biased.



and channel regions 10, 20 and between the drain and channel regions 30, 20
are reverse biased, A size of the depletion regions 12, 32 increases as
t he magni tude of the respective reverse bias potentials increases, thereby

decreasing the junction capacitance. [0006] The, soqur side.d .. €gi on
12 is Aypieadlthe/dephatioowegionh b SRHRCTERSES AS th&éﬂ%%‘tﬂl@? ?@ﬁe FEBY% W@%&}#ﬁﬁ&ass
capaci tance introduced by the source side depletion region 12 typically
dom naffsnitdieincinsdsi BBrebi dacricasimethe BidivARYPAOHATISE | NVENTI ON

100071Enbodi nents of the invention seek to mtigate at | east sone of e

above igARoNed I gbl e d:0RABh i ETShiTENY sarafe o tho drai e Geicde o
| r t

MOS tr to evice structure having a decreased junction capacitance

bet ween the. souyrce and drai edi : GeFBRNL $ypadallyhe

i nvent FegPtovi s °aP 5] 8?%‘%%?’92%%%%3%&%%3§{1&Sh%m chygrﬁellty ef fect.
LOOM n accordance with an enbodi nent of the invention there is provided a
seni codomitates taeineorceRpetanse-seni conduct or substrate; a source region, a
drain region and a channel region, the channel rc.on being provided between
t he source and drain regions, the source, drain and channel regions being
provided in the substrate, the device having a |ayer of a buried insulating
medi um provi ded bel ow t he sSUNMMARFOBTHHINNENTEONow the drain region, the
| ayer of buried insulating nedium bel ow the source region being provided in

abut maTlSOMW t hp2pb@RRhtsHHTthemeeion feek somitigata edeashsome of the above mentioned
problems.
[0008] Some embodiments of the invention provide a MOS transistor device structure having
a decreased junction capacitance between the source and drain regions.
[0009] Some embodiments of the invention provide a MOS transistor having a reduced short
channel effect.
[0010] In accordance with an embodiment of the invention there is provided a semiconductor
device comprising: a semiconductor substrate; a source region, a drain region and a channel
region, the channel region being provided between the source and drain regions, the source,
drain and channel regions being provided in the substrate, the device having a layer of a buried
insulating medium provided below the source region and not below the drain region, the layer of
buried insulating medium below the source region being provided in abutment with a lower
surface of the source region.
[0011] This has the advantage that a magnitude of a junction capacitance of the device
associated with the source region may be reduced.
[0012] Furthermore, since the buried insulating medium does not extend under the drain
region a thermal conductivity between the drain region and surrounding material is enhanced.

This is at least in part because the buried insulating medium portion of the substrate has a lower



100111Thi s has the advantage that a magnitude of a junction capacitance of
the device associated wth the source region may be reduced.
100121Furthernore, since the buried insulating nmedium does not extend wi der

the drain region a thermal conductivity between the ai i

sur r ouhelinmg comdustizity fhansamigonductingiogtigng oitthq %’§§tfaqf"n&lé 1 ﬁ e%%g%é&é&gatg e
buried insulating nediumportion of the substrate has_a |ower, thernal
conducd it Flodhiatheseuieepeidinatli ang doain régorssnas be disspatyhmore 15adily Bener at ed by
current flow in the source, channel and drain regions nmay be dissipated

mor e r eadi ¥ dddosiiiet dHIRRIAERS beitRGncatientiadianentsiroin wiich e BOXilaxert han a
structure 1n whic he BOX | ayer extends under the source, channel and

drain regions. 013] Opt | Q;HE!I gr of insulating nmedi um extends
bel ow ?ﬂg‘l@r‘ﬂgﬂﬂ[&geﬁ%‘l&%ﬁb |gy%%{gﬂfﬁg®§dvant age that a reduction in the
junction capacitance under th te electra A ) andB1 REidh & Theh

[ 0014110013k t@ﬁ@nﬁﬁﬂéﬂ%ﬁﬂw 1H§.ﬁatglgsrg 0Nt geéltg(g)}ro o evtngyaccor ing to
enbodi ments of the invention may he considered to ha
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but does not extend under the drain region. [00151In a second aspect of the
i nvent @i belekievéds provi ded a nethod of fabricating a sem conductor device
conprising: providing a sem conductor substrate; form ng a source region,
a drai pyorgpi o ANd ba uibasnel thegisemidondider dvbstacardingtthembhdintals ¢dl on
bei ng g)row ded between sourcetheand drain regions, and providing a | ayer of

a buried |nsul af  er 12l 1Rk AWl ifmeRhCericaet Sincahd babtd bshlating he dr ai n
regi onfnvfaﬂtéorbrlﬁlra géc%ﬁrgﬁg’r mat erai al being provided in abutnment with a
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[0015] In a second aspect of the invention there is provided a method of fabricating a

semiconductor device comprising: providing a semiconductor substrate; forming a source region,
a drain region and a channel region in the substrate, the channel region being provided between
the source and drain regions, and providing a layer of a buried insulator material below the
source region and not below the drain region, the buried insulator material being provided in
abutment with a lower surface of the source region.

[0016] Some embodiments of the invention have the advantage that a magnitude of a
junction capacitance between the source and drain regions of the transistor device may be
reduced relative to known transistor devices.

[0017] In a third aspect of the invention there is provided a semiconductor device
comprising: a semiconductor substrate comprising an upper semiconductor portion formed from
silicon and a lower semiconductor portion formed from silicon, the upper and lower portions
being separated by a layer of a buried oxide (BOX) medium; a source region, a drain region and
a channel region provided in the upper semiconductor portion, the channel region being provided

between the source and drain regions, wherein the BOX medium is provided below the source



i n capacitance between the source d drain regions of the transistor device
may be reduced relative to known transistor devices. [00171ln a third
aspect of the invention there is provided a se conductor device conprising:
a sem conductor substrate conprising_ an, upper. sef uct.or I.00: £.0r med
f r om sieiongnd ahichannedegion and BRARY B %G‘F‘trf’%}ﬂnftg% ﬁgﬁgwg%msfﬁiégxﬁ(hdte e
upper and | ower portions being separated by a |layer of a buried oxide (BOX)
medi unin abusnet edthraelgivensurfacd ofihe sovgeaegiamd a channel regi on provided in

t he upper semi conductor portion, the channel region being provided between
the sowpeg andn dh aigect SEheRFentihiehetais pheidda method of fabripatig aed bel ow t he
source region and the channel region and not bel ow the drain region, the
BOX nedi u i OV ESlESidiN: ALY 2 YnkiBofidcRIMSTbsHte: Bty a Sduecesour ce
regi ons.enfg%)‘%ﬂ&gdgﬁgéé&sp tgngg'al?ﬁe invaentilo%i s provided a nmethod of
fabricating g sem conductaor device conprjsine. Lol REbish BERE SR\t or
subst r &€¥n, PgFEWi‘ HeA @’glfr%@n?egéfz%ﬂ? lnatﬁgrsgﬁgﬁﬁ%éé}%%\%% gggé chaﬁgngﬁ5 region in
the substrate, the channel region. bein rovi ded betwe th

drai n basyeemthe sauicaaed flgmn W&%@ﬂ“ﬂﬁ@@%‘&”&@ ‘gﬁdo‘&fﬁﬁﬁﬂ‘g&%@irgﬁgﬁﬁ@w g a
source junction capacitance; and providing a_ |layer of a buri?g ul éor
mat er i akoured nctidrecapeditanee;raadipoeviding adayer io& p Swriehmsalatar MAterR! BHOVHEY eby t o
reduce a value of the source junction capacitance, the buried insulator

mat er | ﬁiurMegwnmhawbd@aowﬂheamutmgtonwmrhb;atd rediere asvalfieefthe soureriusgifnce
regi on. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0019] Enbodi ments of the present

i nvent j ' i hagrhebahhatdveded iBubuayenoivitedopkesunfateofthe h
refer e{;}%c%ﬂcﬁt@@?’g@%ﬁ%ﬁ%ﬁ%g dr awi ngg;9 in ?/vhli ch: 100201FIGURE 1 is a

schematic illustration of a prior art MOS device. [0021]FIGURES 2 to 10 are
schenafT€ T 198 rati ons of a process of fabricating a MOS device according
to enbodi nents of the present invention. DETAILED DESCRI PTI ON OF THE
| NVENTI ON 100221FI G 2 shows a structure in which a substrate 101 is

rovi ded having a buried oxide
P J BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Embodiments of the present invention will now be described hereinafter, by way of
example only with reference to the accompanying drawings, in which:

[0020] FIGURE 1 is a schematic illustration of a prior art MOS device.

[0021] FIGURES 2 to 10 are schematic illustrations of a process of fabricating a MOS

device according to embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0022] FIG. 2 shows a structure in which a substrate 101 is provided having a buried oxide
(BOX) layer 103. The BOX layer 103 divides the substrate 101 into an upper semiconductor

region 102 and a lower semiconductor region 104.

[0023] A gate stack is provided above the upper semiconductor region 102 of the substrate

101, the gate stack comprising a gate dielectric layer 141 and a gate electrode layer 142.



(BOX) layer 103. The BOX | ayer 103 divides the substrate 101 into an upper
sem conduct or region 102 and a | ower sem conductor region 104. [0023] A gate
stack is provided above the upper seni conductor region 102 of the substrate

101, the gate stack conprising a gate &electric |ayer 141 and . at

o et r BWR] ay diogat diciebins pRd 145 rarefan shon Gy dHE RECrEs AR om
silicon oxide. Gther materials are also useful such as silicon nifride,

si | i consednysnch a3 sibcaandtradey siticoreoxifirida phé anli ethetcsuitpblegdiglegiiigmaterigh25] The

gate el ectrode layer 142 is formed fromsilicon. Oher materials are al so

usef ul (gons| udimTi Qtd@EctERIRLRAAYE iforired foinasiliconr Oth¢rahdtealsatesidoalssful
[ 0026] A hardnask 1ayer ]53 has been forned over the substrate 101 and gate

st ack. . NG NAL i s ARlrAYEE mhiBiall s RN RRLAINET to expose a surface of a

portion upper sem conductor region 102 of the substrate 101 where a

drain LonMOS, devi ce. i s e .thined. .A r agpheen
for rredhﬁlggf a At If 1aypr i%egﬁsatfegn gcfrglc?ﬁ 08’%%%33%5?%% Izﬁaat%ﬁgat;ea%#aec@.s ?ggk at
which the drain region_ is to be forned, [ngleqf G(B%a shg\@ t he structure of
FI G 2hsrdmagkdayer b has beempa SXRPCASUERE ?":?gP 108 RENEWBRYG ate 101 is
performed in order to renove the exposed portion of the upper senjconductor
r egi onsdfizomhuitee xemiee 102 phiheisubstafe tHewherd e drain iepimod thaMPS dgdce 53¢ PF ons
of the upper sem conductor region 102 bel ow the gate stack spacer 151 and

har dr nasiaeti anegatd Sidck grapem 51 dias dGebmtprinbé oedratiduy bl aftes gate o6 tegidepf
shows the structure of FIG 3 followng an isotropic etching process in

whi ch GiGhldga@fa WHSHKBORA rilfioh Ao 8 fiikidBOX | ayer 103 s perfoitiled in
order to tenove a portion of the BOX | ayer 03 Because the etching process

1S Ot ARb) 2 BAG AARRL R B bAYRS. 2UBHGK Ik A dHE; G1BERs A Bhith AR of1 51

is als _ phenonenon nay toas "necking' . T

D1 OBl oTeGEDRTHY L S EFBART RGO FERY 4 PO TR FORPERE SRSHRE  ogi on to the

drain region of the structure . i .
semiconductor region 102 and expose a portion of the underlying BOX layer 103. Portions of
the upper semiconductor region 102 below the gate stack spacer 151 and hardmask layer 153
remain following the etching process.
[0028] FIG. 4 shows the structure of FIG. 3 following an isotropic etching process in which
etching of the exposed potion of the BOX layer 103 is performed in order to remove a portion of
the BOX layer 103. Because the etching process is isotropic a portion of the BOX layer
underlying the gate stack spacer 151 is also removed. This phenomenon may be referred to as
‘necking’. The purpose of removing this portion of the BOX layer 103 is to reduce a problem of
current crowding as current flows from the channel region to the drain region of the structure
(see below).
[0029] FIG. 5 shows the structure of FIG. 4 following an anisotropic (directional) etching
process in which a remainder of the BOX layer 103 not underlying the hardmask layer 153 or

gate stack spacer 151 is removed. A portion of the lower semiconductor region 104 of the

substrate 101 is thereby exposed.



(see below). 100291FIG 5 shows the structure of FIG 4 f i

_ \ ( _ _ ol l owi ng an

ani sotropic (directional) etching process in which a remainder o? t he BOX

| ayer 103 not underlying the hardnask | ayer 153 or gate stack spacer 151 is

removed. A portion of the |ower senic ct.or regqi .

101 i s[00B&r eb¥lexpehets the pooduremi @IG6§) gﬂﬁwen% FF‘eggt“&ﬂ 8% gé“&gé?&gﬁ&ﬁ}%ﬂa[ ae
following re-growth of sem conductor material over the |ower . sem. conductor
r egi onovkd éhe 1Bagr sutiborafuctoe negiom Hok t Re-greath of amicgn?}ecmfdw%%ﬁltiw%qr@\?g ?0 of
remai ni ng portions of the upper sem conductor region 102. 100311FIG 7

shows { ReeSiirbmbinify (rtifils@f tRe fisier owhicondienmregionfl02he hard
c J mask | ayer 153
and gate stack spacer 151. The gate dielectric |layer 141 and gate glectrode

| ayer élgffﬁfgﬁﬁgﬂ&% %Pgﬂ%ﬂfeg?ﬁ@@. 6 AR kerh 6@l 0N thEMArdnBRIREFI B 8

shows re o I om ng a process of form ng source and

drain tension regio 4, 134 res | Sfasd i
1 53" aand Sied sty P gl gD o ph ] dd BB Bl e
transi stor structure 100. The drain region 130 of the enbodinent of FIG 8
has bedmnﬁdmnmﬂwr&mmC@@bPHWE@96&ﬂ9?1evel of the BOX | ayer 103 and may be
referred to as a deep drain region 130. 50033]in t he odinent of .EFIG 8
the sopooge] andiid aishowsthensionre dilond fallowing 3pragegs @g BeaRireg At fram
regions 110, 130 are formed by inplantation of dopant into the substrate
101, Quieksiobidaras 104, 13ateqrutiag glapad siduvallspecdss i phamd wueceans drad ef ul
£0014]Ihet¢xten3|on regions 114, 134 may be of a different dopant -
oncentr t r [ ra i

reﬁosdsflifli 2,’ Pslot 31%&;%{39{}2 &2 [@rf8re dinansistdl Sruchd@ 100s fike tianetegionTi3d of

ext ensi [1ghtly doped regions. The drain extension
regl Onth%’a%/nb%%irgerlltlog %&éy 8 ﬂgsnoee%n ‘?&%&e’& tg Iala@)thrt?ew& B level of the BOX layer 103 and

may be referred to as a deep drain region 130.

[0033] In the embodiment of FIG. 8 the source and drain extension regions 114, 134 and
source and drain regions 110, 130 are formed by implantation of dopant into the substrate 101.
Other methods of introducing dopant into the substrate are also useful.

[0034] The extension regions 114, 134 may be of a different dopant concentration to the
source and drain regions 110, 130 respectively. The extension regions 114, 134 may be lightly
doped regions. The drain extension region may be a lightly doped drain (LDD) region.

[0035] FIG. 9 shows a transistor structure 200 similar to that of FIG. 8 except that the
portion of the BOX layer 203 below drain extension region 234 has not been etched to form a
necked structure.

[0036] FIG. 10 shows a transistor structure 300 similar to that of FIG. 9 except that the drain
region 330 of the structure of FIG. 10 does not extend below a depth of the BOX layer 303. In
the embodiment of FIG. 10 the drain region 330 extends to a depth below an upper surface of the

BOX layer 303 but above a lower surface of the BOX layer 303. It is to be understood that the



[0035]FIG 9 shows a transistor structure 200 simlar to th

except that the portion of the BOX | ayer 203 bel ow drain ex?;ng{ozlar 2gi on
234 has not been etched to forma necked structure. [00361FIG 10 shows a
transistor st cture 300 sinmlar to that of FIG 9 except that the.drain
r egi onieaBoathiththesiraincegiow 330 eREEs is gerradentibicaghip #AT OBé’I %R&éod‘ér}g‘f% of the
BOX | ayer 303. In the enbodinment of FIG 10 the drain region 330 extends to

a dept belieNe A8 pHRR&d. sur f ace of
Pl X of the BOX | ayer 303 but above a | owe
surface of the BOX layer 303. It is to be understood that the depthrto

WhiCh|®ﬁ§erak?h&%£h8ﬁm§§9b§%6ﬁ§9§LiS dependent at least in part on depth

to whi opant 1ons are provided. [0037] O her structures are al so useful.

0038 L OIS TR R HEAY S90Sl dra1Gos { b it G 8

Li ke 0938 es e reference nunerals prefixed with the

numeral 4 instead of the nuneral I, 1 [
provi dedvigded with likegeierance @ﬁ@@{:ﬁwﬁ?{ ngfg Eh%@érr lrjﬁng{eg? ?{;glg Icl)1 rﬁm%f)arl ![1 |S on 432

is arranged to induce a strain in the channel region 420 t
= per { moaspce Tk stbetuta oS bis Biovided s #00in TOBRPIETdod A SEFTor

portion 432 may be formed by performng a further etchin r

_ ) oces

drai N §f8$RkidERsS hathgu todnduce astrein ioftha agra iegion 2 &%@Mﬁ%g‘@{a&é a e
material illustrated in FIG 6 and descri bed above. Drain stressor materi al

may SUE%?O%%H& %@Q%%&gpsmt&rgaod_r ain stressor recess thereby to formthe

drain ressor 41] Enbodi nents of the i '
advant : . present invention have the
ﬂ)%ﬁO]t hat’[h% aﬁz%ilnus?ressgo%‘I B&tti'oﬁrl-]lﬂ may be formed by performing a further etching process

to form a drain stressor recess following the step of re-growth of semiconductor material
illustrated in FIG. 6 and described above. Drain stressor material may subsequently be formed in
the drain stressor recess thereby to form the drain stressor 432.

[0041] Embodiments of the present invention have the advantage that a value of junction
capacitance of a transistor device may be reduced whilst maintaining a heat dissipative path from
the device to a portion of the substrate away from the upper semiconductor layer. This allows a
self heating effect associated with devices formed in relatively thin semiconductor layers such as
devices formed on silicon on insulator (SOI) structures to be suppressed.

[0042] Embodiments of the invention having a necked buried insulator layer such as that
shown in FIG. 8 and FIG. 11 have the advantage that current crowding may be reduced thereby
enhancing device performance. Provision of the necked portion increases a cross-sectional area
of a flow path available for current flowing from the channel region to the drain region thereby
decreasing an external series resistance of the device. The feature of a necked buried insulator
layer is particularly useful in ultra thin body SOI transistor devices.

[0043] Embodiments of the invention having a buried insulator layer extending below the

channel region provide a fully depleted SOI structure and have the advantage that short channel



capaci tance of a transistor device nmay be reduced whil st maintaining a heat
di ssipative path fromthe device to a portion of the substrate away from
t he upper sem conductor layer. This allows a self heating effect associated

with devices formed in relatively thin. sen conductq : ASudgVi ces
f or mec:fzotsmaynbe ipp(eSeO. Sthigaioysedingatpn &]}Bﬁ}l%esogtgl&{()/ﬁ%%@@n%‘ggﬁ nents of
the invention having a necked buried insulator |ayer suc 5 that .shown in
FIG Sahdrbi@, a iciubeoteintthejuadtiameapgeitansaundsr the eiieiFlige ue) Y Fe d

t hereby enhancing device perfornmance. Provision of |e necked portion

i ncreasgs. a1 CROS S5 $A6488@lo Y SRafk canttibotor papdrasitiardrabitance &t ab@psEnt

fl owi ng trom tR& channel region to the drain region thereby decreasing an
ext er n(gwqe [ S 15 esi stance of the device. The feature of a necked buried

i nsul & %3? OW&barticularly useffil in ultra thin body SOT transistor
devices 100431Enbodi nents of .t he invent | iR, theSidrdd @onipaiger

ext endi0fddlbel FRreYERoE ﬁﬂgqmpgal?%dg?%éﬁﬂgsﬁﬁﬁﬁy depl eted 801 structure
and have the advantage that short channel . effects b esséfs This
al | owsarel ‘fcntat’i and vefiati¢ns of dke wrdﬁafgb%ad’&?é& COTRIBTS ey 38 ?géss °
Furthernore, a reduction in the junction %:jt(paci tanc unﬁlﬁr the at e

el ect r adgulisibud neyibeitatior candds ngyistegdedst AabAegs I ¥G1UGE O hEOST >
contributor to parasitic capatitance in advanced CMOS technol ogi es.
[0044JJ&m%h%p&{éﬁtsdm}smﬂswps.and clainms of this specification, the
words "conprise" and “contain" and variations of the wor ds, flor pl c

"conpr | S angd - | seripfBARfd clafifé beihngspetitication, the siregilar@ncoraPAISass
not i nt@ﬂggd ?ﬂlrpgﬁgﬁégﬁgﬁ%?@cl ude ot her noieties, additives, conponents,
integers or steps.. 100451Thr ou : e]pﬁa}g{:ﬁlglt,w@r&ﬁéirﬂeﬂhMmﬁbleﬁhi S
speci f ealvg ?nl'???éhgF?fgfﬁ%é’?leé‘ﬁgg%@ééegslt e plural unless the context
otherwise requires. In particular, v,here the i J Nt el Phd i t§, used,
the spesidf thesppeaficationtip the Wésrt%‘idoaéocoﬁgen@%fn ﬁ%ﬂ ng vg? urality az wel | as
singularity, unless the context requires otherw se. 100441Features,

i nt egeqglescih@rcantert iegtirgswtheswmgounds, chemical noieties or groups descri bed

[0046] Features, integers, characteristics, compounds, chemical moieties or groups described

in conjunction with a particular aspect, embodiment or example of the invention are to be

understood to be applicable to any other aspect, embodiment or example described herein unless

incompatible therewith.



in conjunction with a particular aspect, enbodiment or exanple of the
invention are to be understood to be applicable to any other aspect,

enbodi ment or exanpl e described herein unless inconmpatible therewith. What
is clainmed is: CLAIMS 1. A nethod of fabricating a sem conductor device
COMPri Si NQYhat is claimed: OVi di Ng a sem conduct or substrate having a buried

i nsul ator | ayer, wherein an upper portion of the substrate is above a top
surface of the buried insulator |ayetaand a tower portion is below a bottom
surface of the buried insulator |ayer; providing ahaving first and second

opposi ng gate aigenaldrsbritdak ActHidaRudof devRt cshgiRwgl | spacer on the second
gate sidewall; and formng a recess in the substrate adjacent to the second

gate sidewal | WiotRidoR&ehichRtuctdl 48WRkd lavBPAGEFed WRKG 14V et, RBeeRGAZPpE Xt eNdS
through to the | ower portion of the substrate; selectively formng a

sem condugd ab, fahERblard iDal€a IRGRER e bPthE bliied! il lafdR 8Sind b &5y bBdiok he fir st
sidewal | spacer fromthe second gate sidewall; form ng second siclewall

spacers of phld& S doftSh sirie SEMOBSHiAM B BE¥al | s; and formng a source
adjacent to the first gate sidewall and a drain adjacent to the second gate

sideval I, the SQUGE 3L HaViRE BrsPdfd sSRRAbAISHg Bite AASNABNRY gatd Inélids Upper
portion of the substrate below the gate, the source has a source depth at

about t heqpRaHNfBLEr A thd REodalcatlicllg 4hat or | ayer and the drain has a
drain depth below the top surface of the buried insulator |ayer to provide

different drai g Apg .SOUEGE QRS adidechS thEEORE s@s siabwdin®eh thafigt terein
Conni ng the recess conpri ses:

sidewall spacer, wherein the recess extends through to the lower portion of the substrate;
selectively forming a semiconductor material in the recess to fill the recess;
removing the first sidewall spacer from the second gate sidewall;
forming second sidewall spacers on the first and second gate sidewalls; and
forming a source adjacent to the first gate sidewall and a drain adjacent to the second
gate sidewall, the source and drain are separated by a channel in the upper portion of the
substrate below the gate, the source has a source depth at about the top surface of the buried
insulator layer and the drain has a drain depth below the top surface of the buried insulator

layer to provide different drain and source depths.

2. The method as claimed in claim 1 wherein forming the recess comprises:
anisotropically etching the substrate adjacent to the first sidewall spacer to remove the
upper portion of the substrate to expose a portion of the buried insulator layer;
isotropically etching an upper portion of the exposed portion of the buried insulator,
leaving a lower portion of the exposed portion of the buried insulator layer remaining,
wherein an upper portion which is removed extends below the first sidewall spacer to form a

neck portion; and



ansotropically etching the substrate adjacent to the first sidewall spacer
to renove upper portion of the substrate to expose a portion of the buried
i nsul ator |ayer; i sotnpically etching an upper portion of the
exposed portion of the buried insulator, |eaving a | ower portion of the
exposed porti ornBétrdpivallpetchiggremamitlgdévodr pbaipe bf the ssosddipgrtionoeheicd an upper
portion which is renoved extends below the first sidewail spacer to forma
neck port iimsnlatoateger ddjananta thpficedideyatitsphbmmd iermpgaot ofahe @bstiateerdpcetor t i on of
buried insulator |ayer adjacent to the first sidewall spacer and | ower

porti on ofto thhéirs sidatallapacend] acent to the first sidewall spacer. The
method as clainmed in claim2 wherein selectively formng the sem conduct or
material in the recess fills the recess including the neck porno The

met hod as clainmed in claim3 wherein the drain depth of the drain is in the
[ ower )orBion dhetieehod abdiimad & dieinQwhehen fatdctiaay Hihihgae sehicodictbur i ed
i nsul at or | ayer. The nmethod as clainmed in claim2 wherein the drain
dept h of tiverdliaithe recsd fillsttheretcavmtlupiag the@bckafortidae substrate bel ow t he
bottom surface of the buried insulator layer. 6. The nethod as clainmed in
claim1 whcicin formng the recess conprises anisotrop catty etching the
substrate adjacent to the first sidewall spacer. 7. The nethod as cl ai ned
in clai m 8. wheriak methbé adslgimbd Sedddidh 307hetdivethe daindcp@ of eradois tin e 1odfer t he
substrate bel ow the bottom surface of the buried insulator layer. 8. The
met hod as pottiah beitle substedt@belovbtheett@h surfabeofdhaburied apililodibydrhe drain is
bet weent he top and bottom surfaces of the buried insulator |ayer.
"The nethod as clainmed in claiml wherein the drain depth of the drainis
in the [ ower portion of the substrate bel ow the bottom surface of the
i nsul at or 5| ayelThe kBthdthes diEinBdOG cdim Clvetieratlthe Bratl dapiino? the drgdd is $ietde foderi Ng a
stressor in a drain region of

portion of the substrate below the bottom surface of the buried insulator layer.

6. The method as claimed in claim 1 wherein forming the recess comprises

anisotropically etching the substrate adjacent to the first sidewall spacer.

7. The method as claimed in claim 6 wherein the drain depth of the drain is in the lower

portion of the substrate below the bottom surface of the buried insulator layer.

8. The method as claimed in claim 6 wherein the drain depth of the drain is between the

top and bottom surfaces of the buried insulator layer.

9. The method as claimed in claim 1 wherein the drain depth of the drain is in the lower

portion of the substrate below the bottom surface of the insulator layer.

10. The method as claimed in claim 2 comprises forming a stressor in a drain region of

the drain.

10



the drain. above a top surface of the substrate. 12. The nethod as
claimed in claiml conprises form ng extension regions adjacent to the
source and drain separated by the channel, wherein the extension regions
extend under the second sidewall spacers. 13. A nmethod of fabricating a
sem condugt or geMh&RCRRGimed in clainP [@Wh&kin theatrSsdfrIias atop shavdrRgrfaebur i ed

i nsul ator | ayer, wherein an upper portion of the substrate is above a top
surface ofpotbgidBunicRd of the ek, and a | ower portic on is below a bottom
surface of the buried insulator |ayer; provi ding a source region, a
drain region and a channel region in the substrate; and formng a recess in
the drain region, the recess extends through the buried insulator |ayer and

into the |pwer TROASthQIhsRfaihdien SRS bath@isesBhRGE bMelsionirédidos Bgadehtror ecess
with a sem conductor material; and fbming a source in. the soiree

regi on angle 8oifcnd diath depRateld B the EIRGhQ Wiekdith 86 extbdsiontréigors RicaDRABOhOT
material, the source and drain are separated by the channel, the source has

a source gdepidiiRla@Rudst he top surface of the burled insulator |ayer and
the drain has a drain depth below the top surface of the buried insulator
| ayer to provide different drain and source depths. 14. The net hod of
claim 13 wherein a top substratee includes a gate with first and second

gate sideiyal | & pahdd tbfiSding ab@nisédenal devieaafyris@: @ second gate sidewal |,
wherein the edge of the first gate sidewall spacer is alipied with an edge

of t he recess ﬁ@didfn@% sGRYBRE BhvikLOhRRd irSulbel Rer! Wkr@@k uppedfortiohhe tiket hod  of
claim 14 wherein formng the recess conpri ses: an isotropically

et ching t ilssbis bbAt 8 tHuARRNE tHe®utifiBinSillatsrilRY@ld 2 16WEGRFtIoh & tedWOsi € t he
upper portion of the substrate to expose a portion of the buried insulator

| ayer; bottom dusfdelo@ e®atiédinQll 4t 18@r;an upper portion of the exposed portion
of the buried insulator, leaving a | ower portion of the exposed portion of

the buried i nSpbalk als8}ed refiBAR ddiR thgioMABH £ LihnAd) rdpRPER tHeQiiisiras; MBI ch i's
renoved extends below the first sidewall spacer to forma neck portion;
forming a recess in the drain region, the recess extends through the buried insulator
layer and into the lower portion of the substrate;
selectively filling the recess with a semiconductor material; and
forming a source in the source region and a drain in the drain region filled with the
semiconductor material, the source and drain are separated by the channel, the source has a
source depth at about the top surface of the buried insulator layer and the drain has a drain

depth below the top surface of the buried insulator layer to provide different drain and source

depths.

14. The method of claim 13 wherein a top substrate surface includes a gate with first and
second gate side walls and a first gate sidewall spacer on a second gate sidewall, wherein the
edge of the first gate sidewall spacer is aligned with an edge of the recess and the channel

region is below the gate.

15. The method of claim 14 wherein forming the recess comprises:

11



anisotropically -.thing remaining | ower portion of the exposed portion of
buried insulator |ayer adjacent to the first sidewall spacer and | ower
portion of the substrate adjacent to the first sidewall spacer. 16. The
met hod of claim 15 wherein the drain depth of the drain is in the | ower
portion of theysidh iéa?l&%tcﬁﬁ%% shib@raabhem sukd Residivall kach s ieedvd theul at or
layer. 17. The nethod of claim 14 wherein flirting the recess conprises

ani sot r opj, éro‘x‘ti&ltdf FHeRBbst A8 tSepsid AoRioadf aeditied idsulddg 1fyer; St si dewal |
spacer. 18. The nethod of claim 17 wherein the drain depth of the drain is

in the | oportiQardfcalih@ciisdstupdtiSHoRh @Mht Reydaet foainf tHeaaLedihsulldi@, bur i ed
i nsul at or Iayer.KQfg.yT%e netﬁgéqgf claim 13 wherein the drain depth of the

drain is jeitE1oWeMRitiRT tHe@RpREd pdiorsiiaivuateinhahiomajdieenbaliigpm sur f ace of
the insulator layer, 20. The nethod of claim 13 conprises formng a

Stressor {hetilgn G5RE PorfiGOWREh Bierhdied E4t@idD below the fFQRideRiINGRceDTo foinah m 20

wherein the stressor has a top stressor surface above a top surface of the
substrat epecR pértion;A Met hod of form ng a device conprising: provi di ng
a substrate Raving upper and | ower portions separated by a buried insul ator

| ayer, wherei narﬁé%?rgﬂ@ﬂ@retdﬁﬁﬂ’gtr&ﬁlﬁmﬁgl%%%&ticﬂl drar sxbssbaptiof ofthgedur i ed
i nsul ator |ayer and the | ower portion contacts a bottom surface of the

buri ed i nguhiabhyer adjskehi tb He & QAdLHAINGa@S RBIbHat RIRADI e satidatd agaeond
substrate region Wiich are separated by a channel region in the upper

portion, MWIRS &kitidehsu sRegnd substrate region includes a sem conduct or

mat eri al and extends froma top surface of the substrate through the buried
i nsul ator layer to a depth bel ow the bottom surface of the buried insulator
| ayer; and forming a first doped region in first substrate region

and a secpd JPREMHhKOIfRRINES $86eMGLSIHIS e 6f the@alNs intthelowerditioand second
doped regions are separated by the channel region in the upper portion of

t he subst fakestrMBAG) Fhedoftbh SirfAeHt the Bifricl AMBulbiof BYerdoped region is at about
the top surface of the buried insulator |ayer and a second depth of the

second doped region is below the top surface of the buried insulator |ayer
to provide different first and second doped region depths. 23. The nethod
of claim 22 Whef&hfhod of claim 14 wherein forming the recess comprises anisotropically etching

the substrate adjacent to the first sidewall spacer.

18. The method of claim 17 wherein the drain depth of the drain is in the lower portion of

the substrate below the bottom surface of the buried insulator layer.

19. The method of claim 13 wherein the drain depth of the drain is in the lower portion of

the substrate below the bottom surface of the insulator layer.
20. The method of claim 13 comprises forming a stressor in the drain region of the drain.

21. The method of claim 20 wherein the stressor has a top stressor surface above a top

surface of the substrate.

22. A method of forming a device comprising:

12



doped region I's a source of a transistor and the second doped region is
drain of the transist 24. The nethod of claim 22 wherein the buried
insulator is disposed below the first doped region and channel region and
not in the second doped The nethod of claim 22 wherein Me is

provi ded on the LieR, §YIHERAEnAk SHD BiveAb Bt GReMRrddibyaharathsulagi on
26. The net hod o?lgpélnlfz mhefgﬁ%s?he sego%dlsub§?$atey-g n co?ﬁ??ses.a

stresso laber wheIJﬁ?%lgﬁﬁ&Qﬁorﬁfm Sndkefa 2 BRI hetlBeShétasQiiychas tke t op
stressor surface above the substrate.

lower portion contacts a bottom surface of the buried insulator; and

providing a first substrate region and a second substrate region which are separated
by a channel region in the upper portion, wherein the second substrate region includes a
semiconductor material and extends from a top surface of the substrate through the buried
insulator layer to a depth below the bottom surface of the buried insulator layer; and

forming a first doped region in first substrate region and a second doped region in the
second substrate region, the first and second doped regions are separated by the channel
region in the upper portion of the substrate, wherein a first depth of the first doped region is at
about the top surface of the buried insulator layer and a second depth of the second doped
region is below the top surface of the buried insulator layer to provide different first and

second doped region depths.

23, The method of claim 22 wherein the first doped region is a source of a transistor and

the second doped region is a drain of the transistor.

24. The method of claim 22 wherein the buried insulator is disposed below the first doped

region and channel region and not in the second doped region.

25. The method of claim 22 wherein a gate is provided on the top surface of the substrate

above the channel region.

26. The method of claim 22 wherein the second substrate region comprises a stressor.
27. The method of claim 26 wherein the stressor has a top stressor surface above the
substrate.
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