WD 03/ 025977 PCT/ US02/ 30369 1 METHOD FOR WRAPPED- GATE MOSFET DESCRI PTI ON
BACKGROUND OF THE INVENTION Field of the Invention 5 The present invention
general | ywoaBat®37to the fabrication of netal oxide sem eomdisor/esedi el d
effect transistors (MOSFET) and, nore.particularly, to a MOSFET devices
havi ng a wrapped-gate structure. Background Description The escal ati ng
requi rements for high performance and density 10 associated with ultra

| arge scal e integration sem conductor devi.ces require high speed and
reliability and increased manufacturing throughput for conpetitiveness.

Integrated circuits, i i t L e I med from
either bulk silicon st%ﬂ%%t@&ﬁ%%'é&iﬁ@k@sﬁﬁiSO ) starting
material, 15 or SO material that is formed froma bul k sem conduct or
starting material during processing. A gate dielectric layer, typically an
oxide, is fornmed on the starting mpESCRIPTIONS., Substrate) and a gate
el ectrode, typically polysilicon, is forned on the gate dielectric |ayer.
Source and drain regions are formed in the substrate, typically by ion

i npl antation, and the regi o&ﬁ?%gﬂdyﬁg) bl_%erﬁﬁtliﬂ%ﬂ\lﬁ trode serves as a
urce and"dr

channel region between the ain regions. devi ce size
shrinks, the industry has been observing new problens and chall enges which
have not been acconpanied with the relatively |arger WO 03/025977
PCT/ US02/ 30369 devices with | ower da¢diof {e Iggs%gmt hem the major chal | enges
are to achieve better gate control of the substrate potential for a
st eeper sub-threshol d sl ope

5 The present invention generally relates to the fabrication of metal oxide

semiconductor field effect transistors (MOSFET) and, more particularly, to a
MOSFET devices having a wrapped-gate structure.

Background Description

The escalating requirements for high performance and density
10 associated with ulira large scale integration semiconductor devices require high
speed and reliability and increased manufacturing throughput for
competitiveness.
Integrated circuits, including transistors, are typically formed from
either bulk silicon starting material, silicon on insulator (SOI) starting material,
15 or SOI material that is formed from a bulk semiconductor starting material
during processing. A gate dielectric layer, typically an oxide, is formed on the
starting material (i.e., substrate) and a gate electrode, typically polysilicon, is
formed on the gate dielectric layer. Source and drain regions are formed in the
substrate, typically by ion implantation, and the region underlying the gate
20 electrode serves as a channel region between the source and drain regions.
As device size shrinks, the industry has been observing néw problems

and challenges which have not been accompanied with the relatively larger



and a lower sensitivity to the "body to source"” voltage, to increase an
effective gate width, to inprove the short channel effect and to reduce

t he ki nk wbfoaw23976 Therefore, there has been a need for aPeEFWSNL/aN369 St Or
operation schene which provides solutions to those problens and
chal | enges. SUMVARY OF THE | NVENTI ON An obj ect of the present invention is
to provide an inproved transistor structure which provides an inproved
gate control of the substrate potential, 10 steep sub-threshol d sl ope,
and |l ow sensitivity to the "body-to-soucm" vol tage. Additional advantages

and other features. of ¢ present jnvention wll. Qe .set forth.i.n part in
the description CE%WTtQFQ‘Wge‘éSﬂH' %}ﬂopg. B RS BHRGY gﬁ?ngef %r%f[?'u(a)% “Ravi ng
ordi nary skill igbhgt@bdnttdPBrine%abstaft podehtiaf fok BRtcbsdrlsomitiiashold sispry be
| earned fromthe practice of the present invention. The advantages of 15

t he present i nvemtliadowersgndiévitygalthe hodpbaiswbeed ivabiazeaty paiepsecnlededtivepoi nt ed

For egol ng and otHE ishp GeTiyals i s By e g7 R PURRUICY el 2, o
devi ce conpri si NehefefSibaibfedad bbatVd M@d féi wAPREnsistsr opemtian dchiene sthicind second
side surfaces substantially parallel to each 20 other. A channel region is

arranged bet weerprovidestsohgionstecthesecqupelens ard hallenggéds within the substrate.
Source and drain regions are formed in the substrate and separated by the
channel region. A gate electrode is arranged on the upper surface and the

first and second side surfacesyMMARY SIODTHEAINVENTION gate oxi de
t her ebet ween. 25 Anot her aspect of the present invention is a nethod for

manufacturing a semniconductor device conprising the step of formng a
cubst 2t 12100, Y0, Q3LR LT EEl RN vl e 1
substrate with atgidaé®hich peivides ki @ngoeddere controd af the aubstiatel potential, a
10 steep sub-threshold slope, and low sensitivity to the "body-to-source" voltage.
Additional advantages and other features of the present invention will
be set forth in part in the description which follows and will become apparent
to those having ordinary skill in the art upon examination of the following or
may be learned from the practice of the present invention. The advantages of
15 the present invention may be realized and obtained as particularly pointed out
in the appended claims.
According to the present invention, the foregoing and other objectives
are achieved in part by a semiconductor device comprising a substrate having
an upper surface and first and second side surfaces substantially parallel to each.
20 other. A channel region is arranged between the first aﬁdsecond side surfaces
within the substrate. Source and drain regions are formed in the substrate and
separated by the channel region. A gate electrode is arranged on the upper
surface and the first and second side surfaces of the substrate with a gate oxide
therebetween.
25 Another aspect of the present invention is a method for manufacturing

a semiconductor device comprising the step of forming a substrate having an



formed on the upper surface. and the first and second side surfaces of the
substrate to cover the channel region. A gate electrode is forned on the
gate 5 oxwoasmudn7t hat the gate el ectrode overlies the chaemaiSor/agsodn from
sai d upper surface and the first and second side surfaces of the
substrate. Additional advantages of the present invention will becone
readily apparent to those skilled in this art fromthe follow ng detail ed
description, wherein a preferred enbodi ngnt of the present invention is
shown and 10 described. As will be realizéed, the present invention is
capabl e of other_and iff%“ent %nbodi ment s _and #ts sevg{’ial details are
capabl e of nodi fHRPSE SUsHREe pof Hrshandsgeond sl staces §qurce 4 Sie (Bl efhg f r om
the present invegihQiin tRCaMHEEtEitha chbRR] S tRESheiReed SEdd BhidoR are to be
regarded as illustrative in nature, and not restrictive. 15 BRIEF

DESCRI PTI ON OF ThEm&RAVhRGBpa surficsr ang heirsband seedndrsidsispeages of thepect s and

advantages w il be better understood fromthe. followgn etaile
description of a*“ﬁ?t{aa?%f"r%"d % 857%%%18?' ﬁgteie}ﬁ;grﬂgei ‘8#”3}35 Wn?iéff %a(rj[%nce to
the drawi ngs, i nody ibh tifat he ghtd dledriodt SvatlidsaRe Vhamel @bgidn RBMtshidhppér an SO
substrate on which a 20 nitride pad layer is formed with a dumy gate

oxi de | ayer t hersopfaesmndrihe first andosespnibidesupfiaeds od theesabsitiiterent of t he present
invention. Fig.1B depj¢ts a,cr.0ss-sectio j e i SS ed alo line 2-2
of the portion show#‘ﬁﬂéﬁab?({vg%%g% °§%“1‘%g%"é‘%{|“¥¥¥‘s’f%3 v‘(’:lgggscso%seerg?l nal view

di ssected al ong dppaeniltokhosfskiilb@in tBfs apdr et Bilewing detaffddOdestriptioki 9. 1D
depicts a cross-sectional view dissected along Iine 3-3'" of the WO

03/ 025977 PCT/ USBiKre03@seiarpbembasimen ohtheinsesenignvantion fsisgowp Aldiepi ct s t he
portion Of10 Fig. d]eébrﬁ)feh.e‘&s il l;eer%ﬁ%d,qzﬁg Bxleg'é?lt ivERion'if capable of other and

different embodiments and its several details are capable of modifications in

various respects, all without departing from the present invention. Accordingly,
the drawings and description are to be regarded as illustrative in nature, and

not restrictive.
15 BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advantages will be better
understood from the following detailed description of a preferred embodiment
of the invention with reference to the drawings, in which:

Fig. 1A depicts a top view of a portion of an SOI substrate on which a

20 nitride pad layer is formed with a dummy gate oxide layer therebetween, in
accordance with an embodiment of the present invention.

Fig. 1B depicts a cross-sectional view dissected along line 2-2 of the
portion shown in Fig. 1A.

Fig. 1C depicts a cross-sectional view dissected along line 1-1” of the

25 portion shown in Fig. 1A.

Fig. 1D depicts a cross-sectional view dissected along line 3-3” of the



which a top silicon |layer of the SO substrate is etched to have four side
surfaces. 5 Fig. 2B depicts the portion of Fig. 1B after the recess etching
st ep, andwopaseiocul arly depicts the first and second si dePsarfsazasedf the
top silicon |ayer are exposed. Fig. 2C depicts the portion of Fig. 4C
after the recess etching step, and particularly depicts the third and
fourth side surfaces of the top silicon |layer are 10 exposed. Fig. 2D
depicts the portion of Fig. 1D after the rgcess etching step, and
particularly depicts the first and second side surface of the top silicon

| ayer are exposegl ; F m]ﬁ gié(gts the portion of Fig. 2A after an
oxi dation step tB ?8? ‘T@S Fde*si dewal | s on the exposed side surfaces of

the top silicon |ayerFigapa @plctsaﬂppm@ﬂafsigl 1 & Qfteld@ye6dsk bRAIng &P, nd an
anor phous silicon etching ste f or m anor phous silicon sidewalls on the

oxi de si dewal | s. which 2 tapsiiepn gyca' of Hhe $ok wubgratefs efihgd tomvgfpwrsidene

oxi dat i on, am)rp rFld silicon deposition and anorphous silicon etching

st eps, and particu ar?y depicts 20 that the first and second side surfaces
of the topssilicon | apRr 2BrdepicR\ths psttiby of Fig. BBraﬁ@hﬁw&csdslekmssé en@l | s
with the oxide sidewalls therebetween, respectively, . epl cts the
portion of Fig. PEficgpedenigiathsbraand serond sige e OfsthP F%ﬂlcﬁéﬂﬁﬁi #€on and
anor phous sili cop, %é Ju ng steps, and particularly depicts 25 that the
third and fourth & de surfaces of the top silicon |ayer are covered by the
anor phous silicon si deigapCslepictshhé ﬂsmno]xbﬂagslmeﬂalthesrebmreeihemnand

respectively. Fig. 3D depicts the portion of Fig. 2D, after the oxidation,
anor phous WO 03/ gggg.ylgr yodepigtsshie thighensl fgurth side surfaces of the top silicon layer are
10 exposed.

Fig. 2D depicts the portion of Fig. 1D after the recess etching step, and
particularly depicts the first and second side surface of the top silicon layer are
exposed.

Fig. 3A depicts the portion of Fig. 2A after an oxidation step to form

15 oxide sidewalls on the exposed side surfaces of the top silicon layer, and an
amorphous silicon deposition step and an amorphous silicon etching step to
form amorphous silicon sidewalls on the oxide sidewalls.

Fig. 3B depicts the portion of Fig. 2B after the oxidation, amorphous
sificon deposition and amorphous silicon etching steps, and particularly depicts

20 that the first and second side surfaces of the top silicon layer are covered by
the amorphous silicon sidewalls with the oxide sidewalls therebetween,
respectively.

Fig. 3C depicts the portion of Fig. 2C, after the oxidation, amorphous
silicon deposition and amorphous silicon etching steps, and particularly depicts

25 that the third and fourth side surfaces of the top silicon layer are covered by the
amorphous silicon sidewalls with the oxide sidewalls therebetween,
respectively.

Fig. 3D depicts the portion of Fig. 2D, after the oxidation, amorphous



silicon deposition and anorphous silicon etching steps, and particularly
depicts that the first and second side surfaces of the top silicon |ayer
are coverwo odg259rhe anor phous silicon sidewalls with the exirdsozsgdenal | s

t herebet ween, respectively. 5 Fig. 4A depicts the portion of Fig. 3A

after an oxi de deposition step to fill the void surroundi ng the anorphous
silicon sidewalls with a filling oxide, and a planarization step to expose
the nitride pad |layer. Fig. 4B depicts the portion of Fig. 3B, after the
oxi de deposition step and planarization step, and particularly depicts
that the void adjacent to the 10 first _and second side surfaces of the top
silicon |ayer issili¢dn ¢eposition ared dmorphens silisen gechingisteps,4ad papiceledy demctpor ti on

par i oul ar |y deplek USRS AF s i b P SO AR ARG RRRTT, TG

surfaces of the HREunSdrphdRRilicay Sdewalstwitt @6 ole kidewdlislthdretgti&enpxi de. Fi g.
4D depicts the portion of Fig. 3D, after the oxide deposition step an d

pl anari zati on st &gpedivelyparticul arly depicts the void adjacent to the first

d id f J Si i ISl : he filli
oxi do. Fi oo 5A depi ct L i dgpbting RS TR AR ah Selub bR sl ' 1

stripping 20 st fpthevoik aessnting ki amorphadssiliosh sidewalseviteafillianodi€hi ng st ep
to renmove the upper portions of .the fillin%,oxide and anor phous silicon and
Fig. 5B depicts pnfba plgparizaionsterrioexpase thymitdde pasdayfrs rj de pad | ayer
stripping step and theg. fihli ' : : (R KA step,
and particularly dep?lt,gt gbtdﬁé}?tsﬁﬁéegﬁ&%fgg%ﬂg%%éﬁlJ%%%Pgﬁtg@psg ed. 25

Fi g. 5C depicts tieplpurizhtich 9ép, bhd)parfiCiladf depicts that thietvoiddeljaperd td eheer
stripping step and the filling oxide and anprphous si|icon etching step,
and partiXQul ar | §rshand secend $idg surRgesfihg togatlicon layerds ﬁil‘iﬂel?y‘i}%ﬁﬁ‘ﬂ%osed.. Fig.
SD depicts the pgghion of Fig. 4D, after the nitride pad |ayer

Fig. 4C depicts the portion of Fig. 3C, after the oxide deposition step
and planarization step, and particularly depicts that the void adjacent to the
third and fourth side surfaces of the top silicon layer is filled by the filling

15 oxide.

Fig. 4D depicts the portion of Fig. 3D, after the oxide deposition step
and planarization step, and particularly depicts the void adjacent to the first and
second side surfaces of the top silicon layer is filled By the filling oxide.

Fig. 5A depicts the portion of Fig. 4A, after a nitride pad Iayer stripping

20 step to expose the dummy gate oxide layer and an etching step to remove the
upper portions of the filling oxide and amorphous silicon and

Fig. 5B depicts the portion of Fig. 4B, after the nitride pad layer
stripping step and the filling oxide and amorphous silicon etching step, and
particularly depicts that the dummy gate oxide layer is exposed.

25 Fig. 5C depicts the portion of Fig. 4C, after the nitride pad layer
stripping step and the filling oxide and amorphous silicon etching step, and
particularly depicts that the dummy gate oxide layer is exposed.

Fig. 5D depicts the portion of Fig. 4D, after the nitride pad layer



WO 03/ 025977 PCT/ US02/ 30369 6 stripping step and the filling oxide and
anor phous silicon etching step, and particularly depicts that the dumry
gat e oxi dwoloayey71 s exposed. Fig. 6A depicts the portion @®@CTRISQ2/3B# after
a polysilicon deposition step, in which polysilicon is deposited over the
entire structure shown in Fig. 5 5A, Fig. 6B depicts the portion of Fig.
5B, after the polysilicon deposition step, in which polysilicon is
deposited over the entire structure shown in Fig. 5B. Fig. 6C depicts the
portion of Fig. 5C, after the polysiliconsdeposition 10 step, in which
polysilicon is deposited over the entire structure.shown in Fig. 5C Fig.

6D depi cts the piipnirgsted ard e filing oxideapd pmerphepy/siqonciiingstips itd on st ep,

i n which polysil]j i NOS| i t re shown in Fig.
5D. 15 Fig. 7AI%@%?%¥§cgﬁ§&§g%ﬁﬁ%ﬁyo y%?%F&g%}&§fﬁé%H§£gblysiIicon et chi ng
step to forma dummy maten wyiabtirgloeidd ofdliy. e pasespgpilidoadspasftionhe dunmy
gate oxide |ayer adjorning the third and fourth side surfaces of the top
silicon layer, %on imwhishoelysibers isfdenosiser eeE Hierrgticy tpyctuge shomgvaFigor ti ons of
the anorphgus si/icon not covered by the dumy gate. 20 Fig. 7B depicts
the portion of Fi'g. 6B, after the polysilicon etching step and the

anor phous silicon et dhigrgB &dpiqis thepordunadf Fig & Bp aftér therpalfsilidoa depdsitiinl i con
overlying the dunmy gate oxide.l aygr is renoved, .and the portion of the
anor phous si | i coweRvift which pokysigon; 15 depasited Quer the qoiire Suiciyss g@WHé%IF@um‘ry gat e
above is renmovedsg 25 Fig. 7C depicts the portion of Fig. 6C after the

pol ysilicon etching step and the anorphous silicon etching step, in which
the dummy gate is forFigdb®depicts the portion of Fig. 5C, after the polysilicon deposition

10 step, in which polysilicon is deposited over the entire structure shown in Fig.
5C.

Fig. 6D depic'its the portion of Fig. 5D, after the polysilicon deposition
step, in which polysilicon is deposited over the entire structure shown in Fig.
SD.

15 Fig. 7A depicts the portion of Fig. 6A, after a polysilicon etching step
to form a dummy gate which selectively exposes portions of the dummy gate
oxide layer adjoining the third and fourth side surfaces of the top silicon layer,
and an amorphous silicon etching step to remove portions of the amorphous
silicon not covered by the dummy gate.

20 Fig. 7B depicts the portion of Fig. 6B, after the polysilicon etching step
and the amorphous silicon etching step, in which the portion of the polysilicon
overlying the dummy gate oxide layer is removed, and the portion of the
amorphous silicon material that is not covered by the patterned dummy gate
above is removed.

25 Fig. 7C depicts the portion of Fig. 6C, after the polysilicon etching step
and the amorphous silicon etching step, in which the dummy gate is formed on
the dummy gate oxide layer to selectively expose the poftiéns of the dummy

gate oxide layer adjoining the third and fourth side surfaces of the top silicon



the dummy gate oxide |ayer to selectively expose the portions of the dummy
gate oxide layer adjoining the third and fourth side surfaces of the top
silicon Woo03/02823077 PCT/ US02/ 30369 7 | ayer, and the port iPcmaISot/33he

anor phous silicon on the third and fourth side surfaces of the top silicon
| ayer are renoved. Fig. 7D depicts the portion of Fig. 6D, after the
polysilicon etching step and the anorphous silicon etching step, in which
the dummy gate is forned on 5 the dunmmy glate oxi de | ayer protecting the
anor phous silicon thereunder from being ched during the anorphous
silicon etching step. Fig. 8A depicts the portion of Fig. 7A after an oxide
etching step, i nlayshemshihe pertivnsrnythgamermdwbsisli¢aayarthe Hdrdrgnd [fourth 9de e oxi de
are renoved except. for..the partions covered,by the dumry gate el ectrode.
10 Fig. 8B depi cusrfaf?f’eo%%‘? OPosﬁICS?PaPYigrg?rQ?@%’gfl'er t he oxide etching step, in
whi ch the portions of Figh?D dypivl teepatiox belEig! 61y eiften i polysilicogetdi@hesieyi de are
renoved to expose the portions of the upper surface of the top silicon

| ayer and the f#dsthe amgrpheebikicos;cgding stepa dewhigh therfmugpeale isifeiared aay er .

Fig. 8C depicts ortion of Fig: ft j N ep, in 15
thien the Bhir g HRRuRE dRlofle Bl prdiadla e %’hl’e]‘%%‘g‘)‘é %?“10?2‘%%&‘1“%?’2*}” nd t he
portions of thebdifpetheddikiag eheddmdrplousailicsn ttckigg slepyer adj oi ning the third
and fourth side . surfaces thereof- are exposed, Fig._ 8D depicts the
portion of Fig. 8C af¥igr8A Hepighitheerastiempifgs stipiteran oxigdsicthingitepdiinmy gat e
oxi de | ayer cov o . 3 [ S rom
etching. Fig. 93\&’ @g%%ti&ﬁ% {qlgg%a?gnle:@%l'fn%%ﬁtéa@?%%&gP(Lérgch\’r%g;e? %’]p gi n dopi ng
step, in which &eothgorin ddveakd by g dunsnagate électrrld. on t he exposed portions

of the top silicon | er. Fig. 9B depicts the portion of Fig. 8B after the

(@)=

which the portions of the dummy gate oxide layer and filling gate oxide are
removed to expose the portions of the upper surface of the top silicon layer
and the first and second side surfaces of the top silicon layer.

‘Fig. 8C depicts the portion of Fig. 7C after the oxide etching step, in

15 which the third and fourth side surfaces of the top silicon layer and the portions
of the upper surface of the top silicon layer adjoining the third and fourth side-
surfaces thereof are exposed.

Fig. 8D depicts the portion of Fig. 8C after the oxide etching step, in
which the dummy gate oxide layer covered by the dummy gate electrode is

20 protected from etching.

Fig. 9A depicts the portion of Fig. 8A after a source/drain doping step,
in which source and drain regions are formed on the exposed portions of the
top silicon layer.

Fig. 9B depicts the portion of Fig. 8B after the source/drain doping

25 step, in which the source/drain regions are formed in the top silicon layer and
the first and second side surfaces.

Fig. 9C depicts the portion of Fig. 8C afier the source/drain doping

step, in which the source/drain regions are formed in the top silicon layer and



25 step, in which the source/drain regions are fornmed in the top silicon

| ayer and the first and second side surfaces. Fig: 9C depicts the portion
of Fig. 8woaBiwew7the source/drain doping step, in which toa/usowusEed dr ai n
regions are formed in the top silicon |ayer and WO 03/ 025977 8

PCT/ US02/ 30369 the third and fourth side surfaces. Fig. 9D depicts the
portion of Fig. 8D after the source/drain doping step, in which doping in
this area is blocked by the dunmy gate electrode, thereby formng a
channel region between the source and draBn regions. 5 Fig. 10A depicts the
portion of Fig. 9A after a dummy gate oxide |ayer etching step, in which

t he edge porti onke thirdtdne feluthydegatfacesxi de | ayer adj oi ning the source and

drain regions are etched out, and a sourge/ i t i i to f
drain yeaons are et shedioulyald i asusel dpin e saa N doRiao Lo, form
llayer. 10 Fig. %ﬁaﬁhﬁ%ﬁﬁ ﬁ(é;%i?inij’cﬁirstal'éaris Abcidd®y tHBdhhG kateRfecHbaRY gate

oxide |ayer etc g step the source/drain extension doping step. Fig.
10C depi cts t he tioetyi fonmm aFéhgnned@gmntbetwden éhelsoumae agd tdenimrégthms. | ayer

etching step and the _source/drain extensi.on pin tep, ip whjch the edge
portion ofs(3 t he dummy Fz%tlé)%o‘;ﬁpﬁ’ég ‘IT‘SP%?IO&&’]f gigng‘?fd‘ﬂfﬁ%ag%gly@&aweé?@(n 15
regions are etC!&%ﬂu@t&%@wwmﬁtwgéséﬁ{oas Bf B UeREy YAk ki lhprmed bet ween
the source/drain regions and the channel region. Fig. 10D depicts the

portion of Fig: agjpimfig the sblwee dudinpingagionoue ¢twhed ayteands sthirerddrainep and t he
source/drai n extensi.on dapi ng.step. Fji.g. 11A depicts a top view of the
portion shown i F<iEpgon f@ﬂlg%l F‘g@é@tsgﬁrce)fgmé?%ﬂ&“{ngc‘-f'altﬁ%%evﬂyEXpogfc\{VFi g. 1 1B,

and particul arl y,odepsGlrehd BpkilibdiFlap@ur ce/ drain  extensions are formed in
the four corners of the channel region.

10 Fig. 10B depicts the portion of Fig. 9B after the dummy gate oxide

layer etching step and the source/drain extension doping step.

Fig. 10C depicts the portion of Fig. 9C after the dummy gate oxide
layer etching step and the source/drain extension doping step, in which the
edge portioxi of the dummy gate oxide layer adjoining the source and drain

15 regions are etched out and the source/drain extensions are formed between the
source/drain regions and the channel region.

Fig. 10D depicts the portion of Fig: 9D after the dummy gate oxide-
layer etching step and the source/drain extension doping step.

Fig. 11A depicts a top view of the portion shown in Fig. 10A dissected

20 along the line 4-4’ of Fig. 11B, and particularly depicts that the source/drain
extensions are formed in the four corners of the channel region. -

Fig. 11B depicts a cross-sectional view dissected along line 5-5> of Fig.
11A, and particularly depicts the source/drain extensions are formed along the
interface region between the source/drain regions and the channel region.

25 Fig. 11C depicts a cross-sectional view dissected along line 6-6’ of Fig.
11A.

Fig. 12A depicts the portion of Fig. 10A after a nitride liner depositing

step and oxide deposition/planarization steps.



Fig. 11B depicts a cross-sectional view dissected along line 5-5" of Fig.

1 1A and particularly depicts the source/drain extensions are. forned

al ong t hewoioweface regi on between the source/ drain regi @I/ EO3GHE

channel region. 25 Fig. 11 C depicts a cross-sectional view dissected al ong
line 6-6' of Fig. 11A. Fig. 12A depicts the portion of Fig. 1 OA after a
nitride liner depositing step and oxi de deposition/planarization steps. WD
03/ 025977 PCT/ US02/ 30369 9 Fig. 12B depicts the portion of Fig. 10B after
the nitride liner depositing step and oxi%e deposition/planarization

steps. Fig. 12C depicts the portion of Fig. 10C after the a nitride liner
depositing step and othdéZHdpmsﬁstthQ)erblanﬁFlgsz @ftﬁrﬁhaepgrlddilnﬁrg 12D

depicts the portlon F oD t nitri eI| ositing step and
oxi de deposi ti onfifﬂoé Weis te%taf’é gﬁposﬂoﬁ/ aﬂ%ﬂz 'é’Bl geP the portion of Fig.
12A after a nitride ef 'lﬁgdﬁxtn@ﬂ@tl@é"ﬁbrtl@n SOFi¥Sidd sed 18l £HitRE mEep to renove

the dummy gate el ectro e. Fi 13B depicts the portion of Fig. 12B after
the nitride etchdenpsidingpstepd @Meﬁhmspmmwnémm ng step. Fig. 13C

depl cts the portion o 12 ter .t he et.c st.e and t he

' pol ysi | i cgn et chi ng Etgeth 'dﬁp‘\%'?%%ehpqrﬂgn 8%“&9 ﬁlg nétflg%F'?% nggr enmoved.
Fig. 13D depict ssﬂépgn@ghabgépogftloap@naﬂﬁﬁoﬁgﬂeﬁr the nitride etching step 15
and the polysilicon etching step, in which the dummy gate el ectrode is

removed as well as tFHg & ldpmfiaih%ﬁlqrtl@bﬂfﬁétWé’eﬂﬁﬁtrlﬂéutﬁlﬂﬁﬁ@blngﬁfgpamli and
the filling OXIde t (o} 13A after an oxide
etching step and 8°1¥F‘{l‘19?"a%t4*8?%§8%5 0% ovgﬂ{%ﬁ{ u%%fyc%a?% ﬁleétg)de gat e oxi de
llayer and the eXpOSGdFlg@QBBU@;ﬂc@f{hdﬂtﬁtldm s Figle1 2B mtrwmﬁdemmgstep

10 and the polysilicon etching step.

Fig. 13C depicts the portion of Fig. 12C after the nitride etching step
and the polysilicon etching step, in which the dummy gate electrode is
removed.

Fig. 13D depicts the portion of Fig. 12D after the nitride etching step

15 and the polysilicon etching step,. in which the dummy gate electrode is removed
as well as the amorphous silicon between the silicon island and the filling oxide.

Fig. 14A depicts the portion of Fig. 13A after an oxide etching step and
a nitride etching step, in which the dummy gate oxide layer and the exposed
portion of the nitride liner are removed.

20 Fig. 14B depicts the portion of Fig. 13B after the oxide etching step
and the nitride etching step.

Fig. 14C depicts the portion of Fig. 13C after the oxide etching step
and the nitride etching step, in which the dummy gate oxide layer and fhe
exposed portion of the nitride liner are removed. |

25 Fig. 14D depicts the portion of Fig. 13D after the oxide etching step
and the nitride etching step, in which the dummy gate oxide layer which was
covering the upper surface and the fist and second side surfaces of the top

silicon layer is removed.



20 Fig. 14B depicts the portion of Fig. 13B after the oxide etching step
and the nitride etching step. Fig. 14C depicts the portion of Fig. 13C
after thewoxB@esetching step and the nitride etching stepCTiusomizeh the
dummy gate oxide |layer and the exposed portion of the nitride liner are
removed. 25 Fig. 14D depicts the portion of Fig. 13D after the oxide
etching step and the nitride etching step, -in which the dummy gate oxide
| ayer which was covering the upper surface and the fist and second side
surfaces of the top silicon layer is remb¥ed. WO 03/025977 10

PCT/ US02/ 30369 Fig. 15A depicts the portion of Fig. 14A after a gate
dielectric depositi dfigstsépdepiats thiaiperiontnd FégtldAafisr 2 gete dikectifown in Fig.

14A is covered by a..gate dielectric laver. Fig. . IAC; tion of
Flg. 14 after cleoULfioGe.ar SHERMY SurddBlonrbistrtidil Rt Sl Bt (1 0" b
portion of Fig. JdAldiekteicldyee gate dielectric deposition step, and
particularly deprcts'that the gate dielectric |ayer is forned, .on the

channel region of theFig.okdBsdapictuihe pastion of Figy 148 sheridpigatedialesliigor t i on of
Fig. 14D aét er té]eeogﬁt e tdi el ectric 10 deposition step, and particularly
depicts the gate PRI ¢ | ayer is formed on the upper surface and first

and second side surf aggs]stf ddpitgs the posloni of ®ip. l1ag after the lshig dieldfsicdepi ct s t he
portion of Fig. 15A after a cqonduct.ive material deposition step and a
pl anari zati on stégposition sepnand gatisulariedenigg that the gatei@aediaplagerds fommedor t i on

ol anar’ zat on st ghroEpgReHBOR SRS i @nieter, OPOF Hi 07 16T after the
conductive material Fig. 15D depicts the portion of Fig. 14D after the gate dielectric
10 deposition step, and particularly depicts the gate dielectric layer is formed on-
the upper surface and first and second side surfaces of the top silicon layer.
| Fig. 16A depicts the portion of Fig. 15A after a conductive material
deposition step and a planarization step to form a gate electrode.
Fig. 16B depicts the portion of Fig. 15B after the conductive material
15 deposition stepAand the planarization step.

Fig. 16C depicts the portion of Fig. 15C after the conductive material
deposition step, and particularly depicts the gate electrode is formed on the
gate dielectric layer.

Fig. 16D depicts the portion of Fig. 15D after the conductive material

20 deposition step, and particularly depicfcs that the gate electrode is formed on
the upper surface and the first and second side surfaces of the top silicon layer
with the gate dielectric layer therebetween.

Fig. 17A depicts the portion of Fig. 16A after forming recesses
exposing the source/drain regions.

25 - Fig. 17B depicts the portion of Fig. 16B after the forming the recesses
exposing the source/drain régions, and particularly depicts that the recess
extending to the upper surface of the top silicon layer.

Fig. 17C depicts the portion of Fig. 16C after the forming the recesses



deposition step, and particularly depicts the gate electrode is forned on
the gate dielectric layer. Fig. 16D depicts the portion of Fig. 15D after
t he conduwoios@2ivat eri al 20 deposition step, and parti cul cryusdepizet s t hat
the gate electrode is formed on the upper surface and the first and second
side surfaces of the top silicon layer wth the gate dielectric |ayer

t herebetween. Fig. 17A depicts the portion of Fig. 16A after formng
recesses exposing the source/drain regions. 25 Fig. 17B depicts the
portion of Fig. 16B after the form ng theltecesses exposing the
source/drain regions, and particularly depicts that the recess extending

to the upper surépesin@thetsbercbamistdgionen |ayer. Fig. 17C depicts the portion
of Fig. 16C after the fornmng the recesses WD 03/ 025977 PCT/ US02/ 30369 11

exposi ng the sour ce/ dfigi WD depicinthe porigpn affiie.Jép) aftes thaferpiag theghesssesri g. 16D

after the formng the recess . i.ng the source/drain regions. Fig. 18A
depicts the portflgggﬁm%%{hlgisgl.m%%&mg%%%goﬁs'fi l1ing the recesses with 5 the

conductive material s Hig. 3 dapi@sithegbetion of R rit7acifrer fifing thelB&ssdpiitit s t he
portion of Fig. 17B after filling the recesses with the conductive
materials fo forﬁhﬁ§@%ﬂ‘@‘é¥@?‘@lﬁﬂalégﬁ°ﬁ’é‘ts§‘?rcﬁd§@mE@@aﬂ%pi cts the portion of

Fig. 17C after filli gﬁg&weg)?&i@%igmahmfﬁ%}am%yﬁﬁihé/g}er%eggeg?}J}% to form

source/ drai n cont act eplcts e portion-o after
filling the recethsesndictite mhtegals anfbuatsoveefdedin comthats.t o f or m source/ drain
contacts. DETAI LED DESCRI PTI ON OF A PREFERRED_ _E VE OF THE.| NVENTI ON
The present inventi onFigr & @@?t%weﬂ’ﬁﬁ%fgglggawg agégfcﬁh%t TRESHRSS Bith

the conductive materials to form source/drain contacts.

10 Fig. 18D depicts the portion of Fig. 17D after filling the recesses with

~ the conductive materials to form source/drain contacts.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

The present invention provides an improved gate control scheme by
15 forming a wrapped gate electrode which surrounds a channel region from
multiple dimensions. 4
Referring now to the drawings, and more particularly to Figs. 1A-1D,
there is shown a structure formed based on an SOI substrate. The SOI
substrate includes a buried insulation layer 10, a top silicon layer 12 formed on
20 the buried insulation layer 10. A bottom silicon substrate on which the buried
insulation layer 10 is formed is not shown. As shown in Fig. 1B, 1C and 1D,
the structure further includes a dummy gate oxide layer 14 -formed on the top
silicon layer 12 and a nitride pad layer 16 formed on the dummy gate oxide
layer 14.
25 As shown in Fig. 1A which depicts the top view of the structure, the

pad nitride layer 16 is entirely covering the structure. Fig. 1B depicts a cross-



15 form ng a wapped gate el ectrode which surrounds a channel region from
mul tiple dinensions. Referring now to the drawi ngs, and nore particularly
to Figs. WA-0302597t here is shown a structure formed based ®CTArS0BEN369
substrate. The SO substrate includes a buried insulation |layer 10, a top
silicon layer 12 fornmed on 20 the buried insulation |ayer 10. A bottom
silicon substrate on which the buried insulation layer 10 is forned is not
shown. As shown in Fig. 1B, 1 C and 1D, the structure further includes a
dummy gate oxide layer 14 formed on the tdp silicon layer 12 and a nitride
pad | ayer 16 forned on the dummy gate oxide |ayer 14. 25 As shown in Fig.

| A whi ch depi ct ssectienal vipwvifele ssfucture dissactedthyrdotted line 232 dig) YG dapecty ayer 16

is entirely covering the strucgture. Fig.. |B i Ct.S Cl 0SS 03/ 025977 12
PCT/ US02/ 30369 sHOITHHED \’/‘F%(\ﬁ?g?e s?wgﬁg??la%ﬁ39&9@@%%9biF 'Yotted |ine
2-2'. Fig. 1C de@épl?:(&ga é‘rff)élﬁég%n SRGAdQRe dhRWre HistdiedHy  detted life Sli3ssRCt ed by

dotted line 1-1'. "Fig epicts .a cross-section view of the structure
di ssected by dot shewn/ih Bigs3A31D, the nitddepad layer £p dgsevenly disposadeoonthe $O8e pad

| ayer 16 is evenly dispo n the SO .5 .sub at ith the dummy gate
oxi de IayeS 14 tﬂé’ﬁ%ﬂgmgﬂ? S‘Kgmgﬁﬁmxfd%lﬁeﬁzl}ﬁfﬁ%fgf% he structure can be
nmasked and patterned AbyhvRIMENsi 2R2ID lthd SAGHAS BACbenskked efd pgtebeahni ques.
According to an enbodi nent of the present invention, the structure is

patterned such tbatonvhaionaldjthegraphioand eighing teohriguest Aecofdipgto ansecond, third

and fourth side surface A 10 12B .12 D .Sh i I A. The
patterned top si f’%{l&%ﬁn?lifiﬁ"elpfw, V%lofl’gh g%t%rmé? SRR dgggﬂ@‘f“ﬁ t|%(e:on

I'sl and" because {dpisficoH ldyeringd thyfidt, weiofd, thikdanefourthisideisarfivet 128cessary to
shape the top silicon layer 12 to have the four side _surfaces, as shown in

this partiléul ar &E¥ho@CraaD as shavrein Fig2A. dhg paiderperktopjsiligpn layer 12 will be
also referred to as "silicon island" because it is surrounded by a void. However,
it is not necessary to shape the top silicon layer 12 to have the four side
surfaces, as shown in this particular embodiment. Rather, as long as the first
and second side surfaces are provided to a semiconductor substrate, in addition

15 to an upper surface thereof, it would be' possible to implement the present
invention.

In Fig. 2A, the silicon island 12 is indicated by dotted box. Although it
is not necessary, in Fig. 2A, the first and second side surfaces A and B are
opposing and parallel to each other. The third and fourth side surfaces 12C and

20 12 D are also opposing and parallel to each other, and at the same time
perpendicular to the first and second side surfaces. Figs. 2B and 2D also show
the first and second side surfaces 12A and 12B of the silicon island 12, and Fig.
2C shows the third and fourth side surfaces 12C and 12 D of the silicon island
12.

25 Preferably, an isotropic silicon horizontal recess etching is performed
so that, when the silicon island 12 is shaped, the exposed side surface portions
are selectively etched laterally little bit further than the overlying dummy gate
oxide layer 14 or the nitride pad layer 16, as shown in Figs 2A-2D. The degree



and second side surfaces are provided to a sem conductor substrate, in
addition 15 to an upper surface thereof, it would be possible to inplenent
t he presewDosiozsoention. In Fig. 2A, the silicon island 12PC3/usezssat ed by
dotted box. Although it 1is not necessary, in Fig. 2A, the first and second
side surfaces A and B are opposing and parallel to each other. The third
and fourth side surfaces 12C and 20 12 D are al so opposing and parallel to
each other, and at the sane tine perpendicular to the first and second
side surfaces. Figs. 2B and 2D al so show 1 he first and second side :
surfaces 12A and 12B of the silicon island.12, and . Fig. 2C shows the third
and fourth side fluéracesess 2hboudditle iRt daoogh tchengiehsatofvr itisd vahinel &pan@dén

Preferably, an isotropic silicon harizontal recess etching i erformed so
that, when the <ftheceids ddepmds 13 dP@“%ﬁ‘ﬁﬁléeﬂr,"a{‘Wéf"éli?’bBEé’ﬂ f%‘?‘cﬂéi%sgglff‘%?ée
portions are s I I b i Etihe n the
overlyi ng dumryedgfgfﬁaéﬂycgb?{%gﬂf%g?” %%ggé {)yhtggh%tﬂelelﬁag I%yggwl’a@e?uﬁi%? as shown
in Figs 2A 2D. TFEat akdidy leger'\\®, 28V 102 52id7 siRST4llsS823h808 6@ alfuwmb lihasftarahe r ecess

shoul d be just enpugh to cg nsatfe for the volunme expansion of the oxide
si dewal | s 18 durdiflg Stdsraflfer B%i dation of the four side surfaces of the

silicon island 12, i.A& owhh{?F%g.Qﬁx-gb, blige St 48 sRAdOkRYEEn 46, the dummy
gate oxide layer 14, and the oxi.de sidewalls 18 should for a plunb |ine

after the 5 oxiedpossideleabitfacks 124, 125, 186.andd 2Bhvdwire silicoridand 124y3D, oxi de
sidewalls 18 are, forped,on t exposed side.sur.facesg 12A ,12B.. 12C and 12D
of ‘the si1icon TarAORSNEY. SYRSEHERTEAHRIOSN Ses SeRreed §Fer B iftous
silicon is deposjhgtrMRl antddhif by, PrefSrhbly edadfie B dichihg Ok pBifEEnedlsE P,

preferably reactive ion etching, i's performed so’'10 that an anprphous
silicon | ¥er 206hitangeloeptouy eiligorf layar2d ivselacheely fogmed an theokds surfacesiof nitri de

pad I ayer 16 andythe. pxide sidewalhs 18 COVEriNG L& hi 6B Shand
12,
Figs. 4A-4D depict the structure after the void surrounding the
‘amorphous silicon 20 is filled by a filling oxide 22. The filling oxide 22 is,

15 preferably formed by depositing an oxiéé over the entire structure and
planarizing to 'expose the nitride pad layer 16 preferably by chemical
mechanical polishing. As shown in Figs. 5A-5D, an etching step is performed
to remove an upper portions of the filling oxide 22 and the amorphous silicon
20, and the nitride pad layer 16 is removed to expose the dummy gate oxide

20 layer 14.

Subsequently, as shown in Figs, 6A-6D, polysilicon 24 is deposited
over the entire structure. As depicted in Figs. 7A-7D, the polysilicon layer 24
is patterned, by conventional lithographic and etching techniques, to form a
dummy polysilicon gate 24. Subsequently, the portions of the amorphous

25 silicon 20 not blocked by the dummy polysilicon gate electrode 24 are
removed, preferably by conventional silicon over-etching techniques.

As particularly shown 'in Fig. 7A, the dummy polysilicon gate 24 is

patterned to extend to the direction substantially perpendicular to the first and



12. Figs. 4A-4D depict the structure after the void surrounding the

anor phous silicon 20 is filled by a filling oxide 22. The filling oxide 22
is. 15 prebDesabisy7 f or med by depositing an oxi de over the @Qmiuse2/sipsuct ure
and planarizing to expose the nitride pad | ayer 16 preferably by chem cal
mechani cal polishing. As shown in Figs. 5A-5D, an etching step is perforned
to renove an upper portions of the filling oxide 22 and t he anorphous
silicon 20, and the nitride pad |layer 16 is renoved to expose the dunmy
gate oxide 20 layer 14. Subsequently, asl4ghown in Figs, 6A-6D, polysilicon
24 is deposited over the entire structure. As depicted in Figs. 7A 7D, the
pol ysilicon | ayeecodd sidesufaddsarAemd 18P of eineslivion Gsiaid 112] srddoexpagdities and
etching techniques, to forma_dumy polysilig¢on gate 24. Subsequently, the
portions of the PRRMMSHGAsandd 4B;qtithepppsps eﬁfg’@@é@“}?ﬁa’f%@“ 14.

pol ysilicon gat |l eckr o . r V, j.anal
silicon over-et glh:%r?g)ﬁﬁ%ncﬁﬁ %’LA%S. figee tg%@%ﬂf@%%’%ﬁg% o?%hef:s?lfg&}éﬁg%nﬁt he
dummy pol ysi | i can adttke gettibs 14D ét prexinett todhefonethdide sutfive 120r @ché on
substantially perpendicular to the first and WD 03/ 025977 PCT/ US02/ 30369 14
second si d® sur S8R ISIPA 1dnd 12B of the silicon island 12, and exposes the

- portions 14A and 1 s § 368-Qbtidaevisrvhadleruexi de | ayer
14. The portion 14Aﬁ%%r%£|ﬁ%g%} teg the thi rdlsi dg surface 1§C of the

silicon island dReasdalbhelimoz-2i of Fig4B\.i Sngertbxdiswtied portioheoffteur t h si de

surface 12D of the 5 silicaon_jsland 12. Fi 7B particularly depicts a
cross-secti onal SReMGshoprdn Eig th‘%?‘ét coﬁ?rg‘gé}ﬁf@d%gfls AR q&qrﬂxgyggtg- of Fig.

I8, SIS, 1 SIS Ll S 2 NSDAES SEONLH BT TP 1 1o
20 is renb@ed, tddeCeohiyarilprHig. P depes 8 emss-sectional view of the structure dissected

along line 3-3’ of Fig. 7A. Since the dissected portion shown in Fig. 7D is

covered by the polysilicon dummy gate electrode 24, the amorphous silicon 20

underlying the polysilicon dummy gate electrode 24 is protected from being

etched out. A'Thus, as shown in Figs. 7B, 7C and 7D, recesses 26 are formed

15 arouﬁd the side surfaces of the oxide sidewalls 18 except for the portions of

the amorphous silicon 20 masked by the dummy gate electrode 24.

As shown in Figs. 8A-8D, the oxide sidewalls 18 and the dummy gate
oxide layer14 are removed except for the portions covered by the dummy gate
electrode 24, preferably by a reactive ion etching (RIE) step and an oxide wet

20 etching steb. During the etching steps, in addition to the removal of the
exposed oxide sidewalls 18, the side surfaces of the filling oxide 22 are aiso
etched, thereby laterally expanding the recesses 26, as shown in Figs. 8A, 8B
and 8C. However, the portion of the structure covered by the dummy gate
electrode 24 is protected from the etching steps, as shown in Fig. 8D.

25 Figs. 9A-9D depict the structure after a source/drain doping step. In

.this embodiment, the source/drain regions are formed by gas phase doping or
plasma doping by using the dummy gate electrode 24 as a mask. Previously,

the dummy gate oxide layer 14 has been removed except for the portion



10 26. Contrarily, Fig. 7D depicts a cross-sectional view of the structure
di ssected along line 3-3" of Fig. 7A. Since the dissected portion shown in
Fig. 7D iwoosoy®red by the polysilicon dummy gate el ectroaeTAs02/8(369

anor phous silicon 20 wunderlying the polysilicon dummy gate el ectrode 24 is
protected frombeing etched out. Thus, as shown in Figs. 7B, 7C and 7D,
recesses 26 are formed 15 around the side surfaces of the oxide sidewalls
18 except for the portions of the anorphous silicon 20 masked by the dummy
gate el ectrode 24. As shown in Figs. 8A-8B, the oxide sidewalls 18 and the
dummy gate oxide layerl4 are renoved except for the portions covered by

the dummy gate &epsd byofie ddimylpatf @sctidldy 28ytharebe agiosing thd)ﬁrrsiﬁ{ndhemd( Rl B)
step and an oxide wet ~ 20 etclzll

gste Durlngl?the et hln g%eptz1
addition to thepedienyAlE ard 13¥eofihipupred swstaceot Sheulian i & & de

surfaces of the f.illin r gﬁne@ Iy
expandi ng t he r8@38§g%‘gﬁlgxl8;1%’%%%6\?1\[{%?]?14/%%){09& §§BH§%§%%E@%§\]SVH
portion of the ghmb§todfecelsctrods 24 thyrebyme(pd»mngyhegmre andafoacmrsrddeuxfabes s
protected fromthe etching steps, _as shown in Fig 25 Figs. 9A-9D

depi ct thé strud2Grad 42D ef the SS‘@GFé%a/“ér i Ruidhssi the °§‘fl%§‘de‘W?'ps 18t°ﬁY%r1ng
enbodi ment, the squrc a%d%%c%' gsfdggﬁl%b%s ?ﬁ% ah @7 9B Or e sgfé§nﬁ)s|%§qquCb?é ng or

pl asma dOpI ng by usin ectrode 24 as a nask. Previously,
the dummy gate @éﬁx&%dbﬂ%@f f&%&mtlbmmmmmddmmmmefedﬁctma@%ort| on WD

03/ 025977 15 PCT/ USQ2/ 30369 cover e du ctr t her eby
exposing the fi Aherefpsel thepQyHans ofd ﬁﬁ%%“‘il]?ﬁowﬁg‘ﬁéaﬁ?s ltz%ea“ﬁgggr surface of
the silicon isl %@9@@1@{1&& SI&S%rfaMﬁ 84 %V&g&%d st haupnhegnrigmoved

except for the por covered by the um*ry gate el ectrode 24, thereby
exposi ng ithe t huppbraﬁdacfeatﬁltﬁd'sﬂmodeslanirlﬂaareSXIESGCB(ﬁkamde J!;E@Qrttonsnﬁtbﬁ licon

i de surfaces 1B AUCEoRS B TRECS AFEOR Higianathe S gt mrhlt 151 Secone
and the exposed second portion 12F of the upper surface of the silicon island
12 are exposed.
If the aspect ratio of the recess 26 is small, that is, if the recess is
15 shallow relative to the width, ion impléntation may be substituted for gas phase
doping or plasma doping. This subsﬁtution would work as long as the
geometric shading during ion iﬁplmtation is negligible, in which case enough
dopant is delivered to the bottom of the silicon island relative to the top
surface. As the aspect ratio increase, however, the effect of geometric shading
20 becomes severer so that there is less dopant at the bottom of the silicon island
12 then the top, resulting in nonuniform threshold voltage and potentially
rendering the device less desirable. In this regard, gas phase doping or plasma
doping, which delivers about the same level of doping irrespective of
geometry, is preferred for their compatibility with fabrication of devices with
25 higher current density. |
The source/dram regions 28 are formed preferably by gas phase doping
or plasma doping by utilizing the dummy gate electrode 24 as a mask.

According to an embodiment of the present invention, the source/drain regions



removed except for the portion blocked by the dummy gate el ectrode 24.
Therefore, the portions of the first and second side surfaces 12A and 12B
adj oi ni ngwohwa/o2397Td si de, surface 12C and the exposed fir CTE02/BBR 12E of
the 10 upper surface of the silicon island 12 are exposed. |ikew se, the
portions of the first and second side surfaces A and B adjoining the
fourth side surface 12D and the exposed second portion 12F of the upper
surface of the silicon island 12 are exposed. If the aspect ratio of the
recess 26 is small, that is, if the reces¥is 15 shallow relative to the
wi dth, ion inplantation may be substituted for gas.phase doping or plasma
dopi ng. This sulltdre ﬂirimdm/\thaledpqmdkpm shifang pastidns d 2E ged il of the sttiach ng

el i vered 1o ¢ nasiet | omdirbrei o B ey AORaR 3R sERE HRC SDED .7 ace
As the aspect r%h‘i’h%}é)@Bt zﬁrnl&ﬁV&Wﬁrstté}ﬁ BEJRGIdeQRlrHRe TBARhE 15 adi ng 20

becones severer so t re 1s | ess dopant at the bottomof the silicon
island 12 then Mbe stpecpﬁcallg,wlstwwgm Figrnthe sowee/drhine sigtind2dvastandge and

potenti al | ering th Vi C s d [N d, gas phase
dopi ng or pl asrryonalgkﬁ a&"h"%@ ‘é‘?"s‘eég%? %W&‘*&ﬁf@ﬁ&’f@? dopi ng

i rrespective of su&%é@ﬁbbyand'léD fe@ﬁ&'ﬁ{rélg A8, dsRRdvin AP B ld | ty with
fabrication of devices with hi gher curr’ent density. The source/drain

regions 28 are fsmnmeﬂlrapneémBwat@ydsgﬁ@mﬁh@@mJedsp‘fmgofﬁlﬁ siicersisiandid®i ng by

utilizing the du ate el ectrogde rdl n

enbodi ment of ¢ HE e BSbend R e&H%A?ﬁﬁézg‘oﬂrﬁT‘ﬁigMﬁ? sihieop i 8980 03/ 025077
16 PCT/ US02/ 303695¢é& e a8 sﬁ&xzmdﬁ% o, hﬁ'e BHBBSESE tHPBJer SutFica e REF ddons 12E
and 12F of the silicon island further extend to the third and

fourth si @@ surfsscesl s:‘l_@(sua’n@l%SﬂZB anédaBtrh@ked@o%dU@mga%@e%@dP Réafd rst and

second side surf act%gtegi %‘om &w source/dram doping, thereby forming a channel region

located between the source/drain regions 28. Optionally, an additional
source/drain doping by ion implantation may be performed to increase the
doping level only below the surface 12E and 12F, if desired.

15 As shown in Figs. 10A-10D, the exposed edge portions of dummy gate
oxide iayer 14 are etched for the subsequent source/drain extension formation
step. Particularly, Fig. 10C depicts the exposed edge portions of the dummy
gate oxide layer 14 are selectively etched out. Preferably, wet etching is
performed for the selective dummy gate oxide layer etching. Subsequently, a

20 source/drain extension doping is performed by using the dummy gate electrode
24 and the dummy gate oxide layer 14, preferably by gas phase doping or
plasma doping, to form the source/drain extensions 30.

Figs. 11A-11D depicts different cross-section views of the structure
shown in Figs. 10A-10D to explain how the source/drain extensions 30 are

25 formed in the upper and side surfaces of the silicon island 12. F ig. 11Aisa
cross-sectional view of the structure shown in Fig. 10A dissected along line 4-
4’ of Fig. 11B. Fig. 11B is a cross-sectional view of the structure shown in Fig.

11A dissected along the 5-5’ of Fig. 11A. Fig. 11C is a cross-sectional view of



More specifically, as shown in Fig. 9C, the source/drains region 28 extends
5 fromthe upper surface of the silicon island 12 to the third and fourth
side surwede®3p2C and 12D, respectively. Al so, as shown PCTRiSg2/3BB) t he
source/drain regions 28 extends. fromthe upper surface of the silicon
island 12 to the first and second side surfaces 12A and 12B of the silicon
island 12. However, as shown in Fig. 9D, the portions of the upper surface
and first and 10 second side surfaces 12A and 12B masked by the dummy gate
el ectrode 24 are protected fromthe sourtk/drain doping, thereby formng a
channel region |ocated between the source/drain regions 28. Optionally, an
addi ti onal sourtheéielichird sien mdigyl lidodissentetl alohglineo6-6fray be perfornmed to

i ncrease the doping |evel gnly-belowthe rface 12E and 12F, .if desired.
15 As shown in Figs. ADRowvnmn F’t&ﬂéo‘lé»@g%é%c%‘g‘@@ W‘PB%@%‘F%WL)@& e

oxi de 1ayer 14 ahgufhahetled R tiSoIHRRRANRRIons OURREIAT M orLRNT] 0)

formation step. Icularl cts the exposed edge portions
of the dummy gaippeosurfice bfjiesilideh ialand 32| AscshbwaliyFigt thdl tewsourcpidedier abl vy,

wet etching is performed for tt}e sel ectiye du gate xide |ayer etching.
Subsequent?y, a exbsigBltELda W"é%f’t?i%tgﬁ“’g%g’;%a V’?erbgﬁefSB?rﬁi(gaﬂﬁl usi ng t he
dummy gate el ectlreg@ﬁs %;%ghdatng Rl dESBY idt GrehdicbRy fle dftfacit @emibl y by

gas phase dopi ng asma 8op| ng,-to formthe source/drain extensions 30.
Fi gs. 11A-11D depiBcsfthdiifiéaridad t2. d3erefaet tivorbanieafghe sourgaédsinr uct ure  shown

in Figs. 10A-10D to explain how.the source/gdrain extensions 30.are 25
formed in the up%%‘?“%ﬁ&@?‘@épwpa‘gﬁég “WFE?‘LEH SIS qc&rxgﬂeﬁzo%%ngﬁvar. 1 1A
is a Cross-sectit(ﬂgghﬁaﬂigl%(piz hiREpIfde BéekeEnqhS EAYRe] iafid feGourke BN dlaBsect ed

0] Ig. 11B. Fig. 11B

along line 4- &4 . B is a cross-sectional view of the
structurel8hown in FiSubseqbedtly, di sowariadigsl By 12Reapintrlaysr diglegtriclayes.  Fi g.

L1C T's a cross-sgetlanal), vh Sialls dRodRa3ee AL sthloaiE ThiypRARRT 0O
preferably by chemical mechanical polishing (CMP). Prior to forming the
interlayer dielectric layer 34, a nitride liner 32 can be deposited. This enables
use of BPSG (borophospho silicate glass) as the interlayer dielectric material

15 and also prevents dopant diffusion between the oxide interlayer dielectric layer
34 and the doped source/drain regions 28. The planarization is performed to
expose the portion of the nitride liner 32 overlying the dummy gate electrode
24.

As depicted in Figs. 13A to 13D, the dummy gate electrode 24 is

20 removed. The exposed portion of the nitride liner 32 is first removed preferably
by reactive ion etching (RIE) and the dummy gate electrode 24 is removed
preferably by polysilicon reactive ion etching selective to the dummy gate-
oxide 14. This forms a recess 36, as shown in 13C and exposes the amorphous
silicon 20. Then the amorphous silicon 20 which was previously masked by the

25 dummy gate electrode 24 is removed by continuation of silicon RIE selective
to oxide, as shown in Fig. 13D, thereby forming recesses 38.

Subsequently, as shown in Figs. 14A-14D, the dummy gate oxide layer

14 and the portions of the nitride liner 32 exposed in the recess 36 are removed



the structure shown in Fig. 11 A dissected along line 6-6'". As shown in
Fig. 10C, the source/drain extensions 30 are forned along the interface
bet ween tWe 030239¢®/ drai n regi ons 28 and t he channel regi oRCIrrUSOh8036upper
surface of the silicon island 12. As shown in Fig. 11A, The source/drain 5
extensions-30 are also fornmed along the interface between the source/drain
regions 28 and the channel region in the first and second side surfaces 12A
and 12B of the silicon island 12. Therefore, two bands of the source/drain
extensions 30 are shaped like an invertedigU" w thout the corner rounding
over the silicon island 12 and pl ace between the channel and the source
and drain. 10 Suﬂ%ﬁ%?y"w Wet Ahis) AWiepidtetiigBigs. 13D, iiRe padvidustiep) tger
dielectric layer 34, preferably an oxide is deposited over the structure
and pl anarized ¢mehegabloyideyayehthhuskihe esidhsidpealls 1§overe BPYRGING EMRIPPEPr i or to
formng the interlayer dielectric | [ It Ri | & . n be
deposited. This %’ﬁfléﬁ‘%/%‘gi tﬂagg?grﬁc{ %ﬁ%@%‘?@%ﬁ%@%%{é&éiog?[éeag%lg&%éfsg%g)cﬁas t he
interlayer diel epldst 6xidBlSEis@bydimganélsindonqslaideredt aowapanteddas shosindm

bet ween the oxide interlayer dielectric layer 34 and the doped

sour ce/ drabn r egFigns38herTimeexposing thermppeionripes 39d thotissbend scondygflsse t he

portion of the nitxide, liner .32 overlyi t € ode 24. As
depicted in Fi gss.'urgfgeﬁéﬁnqgﬂfﬁ%sgllcgaﬁ%%/nggaztgﬁee g%g%}fq%tgﬁ% r enoved.
The exposed porti@andld dufifg Md wetdechingRbced? is first removed preferably by

reactive ion etching (RLE) and the dum%t:gate el ectrode 24 is renoved
preferably by polysi | Pearthe exnosedaprenpsiriee midge St ard segand ¥dg {Eageimy gat e

oxide 14. This f&{aﬁngﬁ@?eg% e %gﬂe?ﬁﬁs égbggﬂad'cﬁ' a?{%gidm i@?.glq d48% r phous

silicon 20. Then us siTicon whi ch was previously nmasked by
the 25 dumgy gat gp@kdiddeaildap4 dsshoeninggs byA-a6Dt Inthiateinbodiofents ithei gaten RI E
selective to oxiée, as shown in FiAf;. 13D, ,r-lereb fO{ng recesses 3 8.
Subsequent | y, asdiglegiiin layar isifgrened by Acpossing; 4 HelgRHFRY el Oovsk gEnfieyer 14 and
the portions of {he. oL Uil fiSwh ks 3348509 Paslichhrt} 6 NBPPEpicAARB EGLer emOVed

dielectric layer 40 is formed on the exposed upper surface and the first and

second-side surfaces of the silicon island 12. However, the gate dielectric layer
15 can be formed by conventional oxidation techniques.

According to the present invention, the dummy gate.oxide layer 14 is
first formed and removed, and the actual gate dielectric layer 40 is formed in
the later stage of the transistor fabrication processes. This enables the use of
high dielectric constant'(high k) material (e.g., tantalum pentaoxide (Ta,0;),

20 barium strontium titanate (BaySr, 5 TiOs), yttrium silicate, etc.) for the gate
dielectric material. Generally, the high dielectric constant material tend to be
susceptible to decomposition or breakdown under high temperature
processing. Since all high temperature processés have already been performed
prior to the gate dielectric deposition, even the materials susceptible to high

25 temperature may be used at this point without any adverse effects to device
performance. The high k gate dielectric layer 40 enables further down-scaling
of the device dimension, in conjunction with a wrapped-gate structure which

will be described hereafier.



WO 03/ 025977 18 PCT/ US02/ 30369 preferably by wet etching. As depicted in
Figs. 13D, in the previous step, the dumy gate oxide |layer 14 and the

oxi de si dw@aBlozs918 were covering the upper surface and tRETfiS0Fs03and
second side surfaces A and B of the silicon island 12. These oxide |ayers
covering the silicon island 12 are now renoved, as shown in 5 Fig. 14D,

t hereby exposing the upper surface and the first and second side surfaces
A and B of the silicon island 12. The recess 38 may-be laterally expanded
during the wet etching process. Over the &posed upper surface and the
first and second side surfaces A and B, a dielectric material is deposited
or an oxidation is pesfyesquestly thd reteks 38 Andiregadses 38 gk dilled iccfotmygpate as shown
in Figs 15A-15D. In this enbodi ment, the gate dielectric layer is formed by
depositing a di eflessiods d2) piplerablicbycrpadustive material deposifipyad,planarizatiathggn i n

Fi gs. 15A-15D. Partic 2Py ' e [ i.c layer 40
is formed on the&gicﬁ%déég{%pb%’glglaf %‘g?%ﬁgﬁfgﬁ% Ehéﬁ?ﬁp ??ésa%ﬂg’ agéélg%hédd si de
surfaces of the gitd staeture & fontled] #h whichveheegate ¢lbrogate idareinged on thel ayer 15
can be fornmed by conventional oxidation qgle, hni ques A‘? ordLng.to t he
present i n¥ent i oHPer stage Ane, thg Arss apd sepend sige suriages 4 and Brafithg flliGomy and
renmoved, and thegag | gate dielectric layer 40 is forned in the |ater
stage of the transisior fabrication processes. This enables the use of

hi gh di el ectric constHrtmithiigifor thegtieeleatodeeaybe sdeatedakermvpaaitsaoxi de

(Ta20b), 20 bariumstrontiumtitanate (BaxSri, x Ti.03 ttriumsilicate,
etc.) for the gdP@eﬂ%lfaéP@b%srqnéorﬂ%ﬂ%rsﬁ’ﬁé?’ aPIORRIOYE £ ?Of%-%%ﬁ‘ﬁww’ dielectric

constant materi 21;01 Sn UfetRor ﬁH&SﬁﬂBy.bAﬁeft&P@WQ§6ﬁdu@ﬁ‘vé}ﬁat@1’iﬁ,akdOVVn
under high tenperature ’ processing. Since all high tenperature processes
have al ready beeplameizitoomiederfgrmedto stept hiee gpéet eeatirode d21 asishowrpokigs i on, even

el R e 25 TR LTRSS B > PO

the gate electrode material, additional masking and ion implantation processes

may be required to increase the conductivity of the gate electrode 42.
Upon completing the gate electrode formation, source/drain contacts
15 are formed to provide conductive pafhs to the source and drain regions 28. As
shown in Figs. 17A-17D, the interlayer dielectric layer 34 is patterned to
expose the source/drain regions 28, by conventional masking and patterning
techniques. As particularly shown in Fig. 17C, the recesses 44 extends from the
dielectric layer 40 to the source/drain regions 28 via the interlayer dielectric
20 layer 34 and the nitride liner 32. Subsequently, as shown in Figs. 18A-18D, a
conductive 1ayér is deposited to fill the recesses 44 and planarization is
performed, thereby forming the source/drain contacts 46.
By forming a gate electrode to overlie the channel region from the
three surfaces, the present invention substantially improves the gate control on
25 the substrate potential, which results in a steep sub-threshold slope and low
sensitivity to the "body-to-source" voltage. Also, as compared to conventional
planar MOSFET devices, the effective gate width is substantially enhanced by

the portions of the gate electrode 42 extended to cover the side surfaces Aand



performance. The high k gate dielectric |ayer 40 enables further
down-scaling of the device dinension, in conjunction with a wapped-gate
st ruct ur ewatwsobso7wi | | be descri bed hereafter. WO 03/ 02597 PCTAIS02/30369

PCT/ US02/ 30369 Subsequently, the recess 36 and recesses 38 are filled to
forma gate electrode 42, preferably by conductive material deposition-
and pl anarization, as depicted in Figs. 16A-16D. As particularly shown in
Figs. 16D, a wapped- gate structure is formed, in which the gate el ectrode
42 is arranged on the 5 upper surface and 4phe first and second side
surfaces A and B of the silicon island 12. The materials for the gate

el ectrode can beBS&*tﬁfEiﬁébnfigl%ﬁ VA(iOYdite dBnSibh@ S, such as amor phous
silicon, anorphous silicon-germanium- polysili'con, netal or a netal all oy.

After depositing the Eabrihation oECMQR eircuits, iciptentain botatNMP S and PMOSr med to
shape the gate el ect.rode 42,. as wn inh Figs. 16A-16D. |f hous
silicon or anor pltBESsPRY &leaéﬁﬁﬁaﬁﬂﬂﬂé&%gﬂg%@r?%eﬁsm Faegst gggflcgg& rode
material, additi Quatd ARAEKhAILBRUIPBe & VRaABH BF tHRDréveOERSEhsmesHRYcridRd
required to increase the conductivity of the gate el ectrode 42. Upon

conpl eti ng & he gabeveeDedng thealumpnyhgate pattersiog sicp A8l descrbadonFigst TA-TD5 ther e

formed to provide_conductiv aths to.t.he sou d,drain regions, 28. As
shown in Figs. 1ﬁf-af9ﬂamfr}get_ﬁ? ﬁ{%ﬁ% g Vlg'i %P%%f%ﬁ%e %;c,fejrra@ori(gﬂ%gteﬁ léerrned_ to
expose the sour C@J%@bﬂp&fgﬂg RipaiteBed QYing MRVREIhARAiTBEKItRG atad pat t erni ng
techni ques. As particularly shown in Fig. 17C_the recesses 44 extends from

the dielectric lcayteiningghe secondoendupaiydyrs of HEGivied igactunderihilitsht er | ayer

dielectric 20 layer 34 and the nitride |iner 79 @S own in

Figs. 16A 18D, aEreatbarPote Ryl 8 O vdfeq RN Y 128820070 10

pl anari zatj®n is is aRiglQedred thik PeimeRikingarsetdid dafeemssiithe eluthityi gateclinet &t s 46.
the second conductivity type of FET is pattérned while the previously '

patterned area is left intact under the second mask. In the previously patterned
area with the first conductivity type FET, even after the second mask is
removed, the interlayer dielectric 34 and the combined stack of polysilicon 24
15 and dummy gate oxide 14 protects the silicon island below from further doping
during the doping of the second conductivity type FET. A similar processing
sequence as the ﬁrst one betweén 7A-7D and 12A-12D is repeated, ending
with a second interlayer dielectric depositibn and planarization. Thus, two
different conductivity types of FET may be fabricated. Fabrication of FET with
20 different doping levels is a straightforward extension, where multiple gate
masks and multiple doping steps are repeated‘.
Accordingly, the present invention provides a wrapped-gate structure,
in which the gate electrode 42 covers the substrate 12 (e.g., silicon island)
from the upper surface and two side surfaces with the gate dielectric layer 40
25 therebetween. This enables a better and quicker pofeﬁtial control within the
channel area, which yields steep sub-threshold slope slope and low sensitivity
to the "body-to-source" voltage.

Also, with a wrapped-gate structure, the effective gate length is



By formng a gate electrode to overlie the channel region fromthe three
surfaces,. the present invention substantially inproves the gate control on
25 the suwetmsarm®7potential, which results in a steep sub- Porashybwdes| ope
and |l ow sensitivity to the "body-to-source"” voltage. Al so, as conpared to
conventional planar MOSFET devices, the effective gate width is
substantially enhanced by the portions of the gate el ectrode 42 extended
to cover the side surfaces A and WD 03/025977 20 PCT/ US02/ 30369 B of the
silicon island 12 (i.e., gate extensions)2iFabrication of CMOS circuits,

whi ch contain both NMOS and PMOS <circuits, may require a slight

modi fication of BKEERASERIMPLEEIPSonvaRidnBIOMOSFERI deviRd with thégan¥ date t Ni S
woul d be a variation of the processing schemes described 5 above. During

the dumy gate platgthr Bhinipceaspindke ghte widthany itypiglly sesuly m pptiplefigcrease ea

containing the first conduc}iyvi type.of field effect NS, (FET),
either N type oft BiSp@men b‘gk’%/reFlﬁgedthﬁgfeﬁalﬁt"ﬁvee n{‘ I}%r{abfﬁ%&%\l}\%eﬁéet he ot her
area,  cont ai ni NgkdEcchpke Byl aGRBIEINIDISFENtrdnyier Ofe. HETwidils of #it tilicatt act under
the first gate mask. Processing continues until the step corresponding to

Fig. 12A-13D 10isiasd)c6ly|deplegd operatipnsswill e aehieves avep ¢ lewedppingat e nask, the

dummy gate lines_for he can n VA T 1S er ned
whil e the previ ingllcgptbailppgfﬁlg&ugsrtéﬁge. %&Séﬂgwﬁ% ﬁoﬁ%méfﬁ%@c@%&%nd mask.
In the previousl ybhdtdsksiasEpe, dodRbieh bdhstifigy fid sHorthmshebéffocts; ynd ype FET,
even after the second mask 1s renoved, the.interlayer dielectric, 34 and

the conbined st axeduesid kint gfectsiviill fe 2htamsd Fhuther dndergh okthg fatwisation poitdt ect s
the silicon island.bel ow fro r r j . i i of the
second conducti v?f?‘?e‘?"fb'geIgl‘:aré.gt%&selltetrr‘ﬁcé&ggirsgg%%egﬁ%’gﬂéq%%gﬁ% c@tggg the first

one betweaqn 7A 7Ebagdiod 3pd, A lsmarHelatatbe wediftighe patt dickectidayredfarnt er | ayer
dielectric deposition and planarization. Thys, two different conductivity
types of FET mayfusder dayyn-scalingiof the BeviesdimesiofF FET with

Those skilled in the art may readily recognize that the implementation
of this invention does not necessarily require SOI substrate and that
conventionai non;SOI substrate may be used to implement this invention. Also,

15 as a variation of this type of device, an FET with emphasis on current gain may
be fabricated in which the depth of the wings of the gate is relatively deep, i.e.,
has a very high aspect ratio, to maximize the current gain while the channel at
the top is negligible. Thus, while the invéntion has been described in terms of a
single preferred embodiment, those skilled in the art will recognize that the

20 invention can be practiced with modification within the spirit and scope of the

appended claims.



20 different doping levels is a straightforward extension, where nultiple
gate masks and nultiple doping steps are repeated. Accordingly, the
present iwWo@aRIN7 provi des a wrapped-gate structure, in RaTraso/bseyat e

el ectrode 42 covers the substrate 12 (e.g., silicon island) fromthe upper
surface and two side surfaces with the gate dielectric |ayer 40 25

t herebetween. This enables a better and qui cker potential control within

t he channel - area, which yields steep sub-threshold slope slope and | ow
sensitivity to the "body-to-source"” voltzge. Al so, with a wapped-gate
structure, the effective gate length is WO 03/025977 21 PCT/ US02/ 30369
enhanced as conpared to conventional MOIAIMSevice with the sane gate

|l ength. This increase in the gate width may typically result in nultiple
increase 1in turn-on current. Further, since the present invention enables

t d th ' : ' i j St H-Baire tH
w i h of the si Tt oon G SRR ISR o AR EeR d B it evea

even at |ower dapkéd@ire BpDees Patntdnaofolibhe substrate. Accordingly, an
i nprovenent in on-current, sub-threshold slope, body bias sensitivity and
short channel effects, and reduced kink effects will be obtained. Further,

interns glf the fabrijcat .eﬂﬂco?ﬁ%&&i_l&g‘/%? ic?)ﬁgris%@ce the gate dielectric |ayer
f the a )

is- fornmed inthe |ater stage o rication steps, high k materials
can be used for the gaubstehteh®dtgrdncappeayeufatoand firstrant secondwile saidhdeng of t he
devi ce di nension., Those skilled i H the art may readily recognize that the

i npl enent &t i on Sybstakially parollshic AL @HES not necessarily require SO
substrate and t hat i I s dkw 8 i npl enent
this i nvenfi on. Al so%%%&%ye vaarni%g% on o?céﬁt%ﬁlfdsﬁ%téb‘g@%@gé*&’?g‘g@%% FET with
enphasi s ah cur rvathin gad subseyte; be fabricated in which the depth of the w ngs

of the gate is relatively dee . €. N .
d 6 sourcz/dra?n Ipe’gions (ta‘orined in said substrate and separated by said

7 channel region; and
8 a gate electrode arranged on said upper surface and said first and
9 second side surfaces of said substrate with a gate dielectric layer therebetween.

2. The semiconductor device of claim 1, said substrate further having
third aﬁd fourth side surfaces substantially parallel to each other and
substantially perpendicular to said first and second side surfaces,

wherein said source/drain regions are formed in first and second
portions of said upper surface, respectively, said first and second portions of

said upper surface abutting said third and fourth side surfaces of said substrate,

Y Y v AW N =

respectively, and separated by said channel region.

1 3. The semiconductor device of claim 2, wherein said channel region

2 extends from said first side surface to said second side surface.



has a very high aspect ratio, to maximze the current gain while the
channel at the top is negligible. Thus, while the invention has been
descri bedwporswens of a single preferred enbodi nent, tho®eTdkSot/bmsdd i n the
art will recognize that the 20 invention can be practiced with nodification
within the spirit and scope of the appended clains. WO 03/025977

PCT/ US02/ 30369 22 CLAI M5 Having thus described our invention, what we claim
as new and desire to secure by Letters Patent is as follows: 1 1. A

sem conduct or device conprising: 2 a subsiyate having an upper surface and
first and second side surfaces 3 substantially parallel to each other; 4 a
channel region arrangegybeiMBSHuSaRr defits st cland, SaeRbsS slreidhiaces . 5
within said substrate; 6 source/drain regions forned in said substrate and
separ at ed by sairegions axtendrfaim sadifion andispgond porijanseoispid uppeidirEss Brigkld on

sai d upper_ surface, and.sajd first and 9. sec i.de. faces of said
substrgltoe it h %‘E@%?F@"é’@?rs? aﬁeﬁgg?aq%u@?tg‘%g’trgs é’ﬁ?“w 2. The semni conduct or

device of claiml1l, said substrate further having 2 third and fourth side
surfaces substantially parallel to each other and 3 substantially
perpendi cul ar to sai &.The semigertlustor davicesplgdaig s PAEEH 4 wherein sai d

source/drajn regions are forned I i i f said
upper surféace, respec,s?'ld\f@V?r%gé?%ﬂf{h%%%&%ngg%g[ggﬁﬂqg%r%ﬁsﬁ}%‘s&n sai d upper
surface abytti ngesmiddideurcedRdjokiny daitl thirdeuacefand er fokt poaiich ofisaiit rate, 7

respectively, and separated by said channel region. 1 3. The sem conductor
devi ce of 4| ai muppenvueiaes of sid wbstFEA®8 region 2 extends fromsaid first

side surf a§ e to said s%ﬁccﬁ'erﬁg resgii(()jr? fu rCIf &&énids to second portions of said first and

6 second side surfaces adjoining said fourth surface and the second portion of

7 said upper surface of said substrate.

1 6. The semiconductor device of claim 5, further comprising

2 source/drain extensions formed in said upper surface and said first and second
3 side surfaces of said substrate between said channel region and said source and
4 drains regions, respectively.

1 7. The semiconductor device of claim 6, further comprising:

2 an interlayer dielectric layer covering said substrate; and

3 source/drain contacts extending through said interlayer dielectric layer
4 to said source/drain regions.

1 8. The semiconductor device of claim 1, wherein said substrate is a part -
2 of a silicon-on-insulator (SOI) substrate.

9. The semiconductor device of claim 8, wherein said substrate is a

2 silicon island arranged on an insulation layer of said SOI substrate.



WO 03/ 025977 23 PCT/ US02/ 30369 1 4. The sem conductor device of claim 2,
wherein said source/drain 2 regions extend fromsaid first and second
portions wD os@aex¥7upper surface to said 3 third and fourt RCIiuse2/30369 aces of
said substrate, respectively. 1 5. The sem conduct or device of claim4,
wherein 2 said source region further- extends to first portions of said
first and 3 second side surfaces adjoining said third surface and the first
portion of said 4 upper surface of said substrate, and 5 said drain region
further extends "to second portions of sapd first and 6 second side
surfaces adjoining said fourth surface and the second portion of 7 said
upper surface of sai di@ulgistRicBadubtdt detide o Bt DRAMeediDEaidigae aRledfricc| ai m 5,
further conprising 2 source/drain extensions fornmed in said upper surface
and sai d fRrst allerspabigh k Batstiale surfaces of said substrate between said
channel region and said source and 4 drains regions, respectively. 1 7. The
sem conduct or device of claim6, further conprising: 2 an interlayer
dielectricilayer coveri ngsenditéhdatids teaéecondpiding: sour ce/ drai n contacts
extending through said interlayer dielectric layer 4 to said source/drain
regi ons. 128. The sent clandelaegipn pesitioned between porree angbipipregiansiformedyat r at e
is a part ,2 of a ngiQPn}EQm¥ %lator (SA) substrate. 1 9. The
seniconduc?or def PERCHUEIOL PR , wherein said substrate is a 2 silicon

i sland arranged on an, basuleatrbdipdsioned oversaid @h&@kl sgibstandt e. WO 03/ 025977

24 PCT/ US02/ 30369 ) ) .
5 gate extensions extending from said gate electrode to first and second

6 side surfaces of said semiconductor substrate, said.first and second side

7 surfaces being positioned at opposite ends of said channel region.

1 12. The semiconductor device of claim 11, further comprising a gate
2 dielectric layer between said channel region and said gate electrode/gate

3 extensions.

1 13. The semiconductor device of claim 12, said semiconductor

2 substrate having third and fourth side surfaces, wherein said source/drain

3 regions are formed in first and second portions of said upper surface adjoining
4 said third and fourth side surfaces, respectively.

1 14. The semiconductor device of claim 13, wherein said source/drain
2 regions extends from said first and second portions of said upper surface to
3 said third and fourth side surfaces, respectively.

1 15. A method for manufacturing a semiconductor device, comprising
2 the steps of:

3 forming a substrate having an upper surface and first and second side
4 surfaces;



1 10. The sem conductor device of claiml1l, wherein said gate dielectric 2
| ayer is a high k material. 1 11. A sem conductor device conprising: 2 a
channel rwg@ios2390%iti oned bet ween source and drain regi on®Crarsopsodsh 3 a
sem conductor substrate; 4 a gate el ectrode positioned over said channel
region; and 5 gate extensions extending fromsaid gate electrode to first
and second 6 side surfaces of said sem conductor substrate, said, first
and second side 7 surfaces being positioned at opposite ends of said
channel region. 1 12. The sem conductor d&vice of claim 11, further
conprising a gate 2 dielectric |ayer between said channel region and said
gate el ecty ode/ gate JFosmuhgnaircswnd draif Segidisan sadsastrdiectitir a cheund eegidn cl ai m
12, said sem conductor 2 substrate having third and fourth side surfaces,
wherein saf d sodheebeivesm 3 regions are formed in first and second portions
of said upper surfac L OL Qi : ' i it ' f aces,
respectively. 1 14. ?ﬁ@ﬂg%hgéﬂg%éﬂ%t%%hﬂé@%{ﬁg? E%?Jggr%{dlﬂgfﬁvrﬁg?%ﬁg sai d
source/ drad n 2 sidegurfases ef said sibsfrateno saved sfid chinnelmdgisecamdd portions of said

upper surface to 3 said third and fourth, side surfaces, respectively. 1
15. A method for mandPE¥RSR SR eecua %quj%"ctﬁf’xjaﬁé'i‘@é,ﬁatéé‘ﬁﬁa&si ng 2 the

steps of & for mdng84sunshidsah AaNGeRN HHPSNd Shie 86:PacBAfd bdid Bfst aRd second
side 4 surfaces; WO 03/025977 PCT/ US%Z/ 30369 25 5 form ng source and drain

regi ons ihl sai d sscimdtsidetserfides bf said hestngk. r egi on 6 t herebetween; 7 form ng
a gate oxide on said upper surface and said first and second

16. The method of claim 15, the step of forming said substrate
comprising:

forming a first mask layer on said upper surface of said substrate; and

HWON

etching said substrate to form said first and second side surfaces.

[y

17. The method of claim 16, said step of etching further comprising the
step of etching said substrate to form third and fourth side surfaces.

18. The method of claim 17, said step of forming said source and drain
regions comprising the steps of:

forming a second mask layer on said upper surface of said substrate to
selectively expose said third and fourth side surfaces and portions of said upper
surface and said first and second side surfaces adjoining said third and fourth
side surfaces of the substrate; and

forming said source and drain regions in said third and fourth side

surfaces and said exposed portions of said upper surface and said first and .

O W0 3 O W bW

second side surfaces of said substrate by gas phase doping, plasma doping or

ot
]

angled ion implantation.

1 19. The method of claim 18, comprising:



8 side surfaces of said substrate to cover said channel region; and 9
formng a gate el ectrode on said gate oxide such that said gate 10

el ect r odewowestioes sai d channel region from said upper surPCaasoasdesai d
first and 11 second side surfaces of said substrate. 1 16. The nethod of
claim15, the step of formng said substrate 2 conprising: 3 formng a
first mask | ayer on said upper surface of said substrate; and 4 etching
said substrate to formsaid first and second side surfaces. 1 17. The

met hod of claim 16, said step of etching f2grther conprising the. 2 step of
etching said substrate to formthird and fourth side surfaces. 1 18. The
met hod of elaim 17, Sﬁdrﬂlur%taegac@ﬁciémymagseﬁe@ﬁabbsawo@@saamdmdraaafbur& regi ons
conprising the steps of. form ng a second mask | ayer on said upper
surface of 3sai d- sidbsurfagesandgaidposisonsof isgid uppesspdace andised dirst 2ad sgsand our t h

si de surfacges and portions.of. sai.d. upper I ' i.rst and
second sid -surflggé‘éri.aﬁﬁi ARG Sglgiﬂap(f nldrf8§r§lr§1%{d% %‘%f C?‘%tg‘?‘kes@&r&f aces of
the substrate; and 7 Fomifigngidsetchdsatklaenonl sdd sichficialdayens in said third
and fourth side 8 surfaces and said exposed portions -of said upper
surface ané said firsperforoing 2a6 b#e doPwe os plesae depipg to g saidisevicaerd py gas
phase dopi ré.g, pl S8, doping or 10 angled ion inplantation. 1 19. The

met hod of dIai m 18 é‘gwﬁ?w sing: WD 03/ 025977 26 PCT/ US02/30369 2 forming a
sacrificialg layer to s@dcEotly erhingexipeagifvhi Byérttoremavecede poition8ofdaite
surfaces and said portions of sald upper surface and said first and second

d
4 side surPaces sasrifriallayer Sasing seid thigd andifougl sidg sufteres el s ubsirale; ¢ he

substrate;;;5 formng sakd,3ecONgnIBHSpIBY Blasl aSfhg 0P ARALS b @1 1 aver:

11 implantation of second impurity atoms via said removed edge portions of said
12 sacrificial layer to form source/drain extensions in the substrate between said
13 channel region and said source and drain regions.
1 20. The method of claim 19, wherein said step of forming said gate
2 oxide comprising the steps of:
3 depbsiting an interlayer dielectric over the substrate and said second
4 mask layer;
-5 planarizing said interlayer dielectric to expose a top surface of said
6 second mask layer;
7 selectively removing said second mask layer and said sacrificial layer to
8 form a via hole exposing portions of said upper surface and said first and
9 second side surfaces of said substrate previously masked by said second mask
10 layer; and
11 depositing an oxide layer on said upper surface and said first and
12 second side surfaces of said substrate exposed by said via hole to form said
13 gate oxide. |

1 21. The method of claim 20, wherein said step of forming said gate



6 perform ng gas phase doping or plasma doping to formsaid source and 7
drain regions; 8 selectively etching said sacrificial |layer to renove edge
portions wDs@ex9779 sacrificial layer facing said third amdTfusr/si36%i de
surfaces of said substrate; 10 perform ng gas phase dopi ng, plasnma dopi ng
or angled ion 11 inplantation of second inpurity atons via said renoved
edge portions of -said 12 sacrificial layer to form source/drain extensions
in the substrate between said 13 channel region and said source and drain
regions. 1 20. The nethod of claim19, whegrein said step of formng said
gate 2 oxide conprising the steps of 3 depositing an interlayer dielectric
over the sybstra ghask layer; 5 planarizing said
|nterlayerEdlele%gﬁﬁggfgg%gmﬁgﬁg%ﬂ?bé 'surface of said 6 second nmask |ayer;
7 selectively renovi nfflispsaid siehokdvities korldayve materidpdnd sacrificial |ayer to
8 forma V|a hol e exp05|ng portions of sajd upper surface and sald first
and 9 secofid side surblaragzing@ndape Sé‘lfB%“-‘c?fa?F’é P t'@ﬁﬁaﬁﬂﬁh@@ﬂnﬁ%} sai d
second mas 10 er
urface and sai ) Eegn iy RaT il B0l e U A R
exposed byésaid fu1svaaddmleeortdcmdemurfamlodisa1d3utga‘ae voii shel gate @dide The net hod of
claim 20, wherein sgld step of formng said gate WD 03/025977

PCT/ US02/ 30369 2emsOeimeen-r ode conprising the steps of 3 filling said via
hole with a conductive material; and 4 -planarizing an upper surface of
sai d conductive material to-formsaid 5 gate el ectrode overlying said
channel regi on from szd. @hepethodsaficiaan @ 1 afudthemdaprising the steps of:

2 forming trenches extending from' an upper surface of said interlayer
3 dielectric to portions of said upper surface of said substrate occupied by said
4 source and drain regigns, respectively; and
5 filling said trenches with a conductive material to form source/drain
6 contacts.
1 23. The method of claim 19, wherein the step of forming said substrate
2, further comprising:
3 forming an insulating layer on a body substrate;
4 forming a surface substrate on said insulating layer, said surface
5 substrate having said ﬁpper surface,
6 forming said sacrificial layer on said upper surface of said surface
7 substrate;
8 forming a pad layer on said sacrificial layer;
9 forming said first mask layer on said pad layer;
10 performing said etching step to remove portions of said pad layer,
11 sacrificial layer and surface substrate unmasked by said first mask layer,
12 thereby forming said surface substrate having said first, second, third and
13 fourth side surfaces, and exposing said insulating layer.



6 first and second side surfaces of said substrate with said gate oxide 7
t herebetween. 1 22. The nethod of claim 21, further conprising the steps of
2 form ngwOroafedses extendi ng from an upper surface of sai a@cirniser/bayer 3
dielectric to portions of said upper surface of said substrate occupied by
said 4 source and drain regions, respectively; and 5 filling said trenches
Wi th a conductive material to formsource/drain 6 contacts. 1 23. The

nmet hod of claim 19, wherein the step of formng said substrate 2 further
conprising: 3 formng an insulating |ayer Z&h a body substrate; 4 formng a
surface substrate on said insulating |layer, said surface 5 substrate

havi ng sai di upper sur fRC®The Mefhod mif 8RS 38 duske Icofmipeisiag tHeayeps ofin sai d upper
surface of said surface 7 substrate; 8 formng a pad | ayer on sajd
sacrificialZlayer; 9 flompnEan BEatertion layer emserd firg secons %gambg’b‘“hé@ér; 10
perform ng gal d &, (0lNGerShERRa e%';{B\éi‘aeBaffécleQEPs %Lsa&?ﬁc?aéﬁggr-"ayer’ 11
sacrificial |ayer and. surtace substrate unmasked y sai I’st mask | ayer,
12 thereby 4orm ng saiddpssitifepapeansarpbdusaileohan side swafices dfisadinitridetayad, third
and 13 fourth side surfaces, and exposing said insulating |ayer. WO

03/ 025977 PCT/ USEPA JPdesidegratedtion Iaes net hod of claim 23, further

conprising ¢he steps 2 ' 1P LES i8R ) AYS Ins@BeirsAhthr fahd S5
second, thiéd and fou?{)ﬁ%g‘%ggmng%gg{%f%es ofL) 1sachgj su[;lg*trgt%? gerﬁgh(gl de
surfaces of7sai d padddayef;i ci al | ayer; 4 depositing an anorphous silicon on

side surfaces of said nitride |layer § anéal sai d oxi de Brot ectjion | ayer;
8 planarizing to remove said pad layer to expose an upper surface of sat

9 protection layer.
1 25. The method of claim 24, wherein said step of forming a second
2 mask layer comprising:
3 depositing a masking material to cover said protection layer,
4 amorphous silicon and filling layer; and
-5 etching said masking material to form said second mask layer.

1 26. The method of claim 25, further comprising the steps of

2 removing said amorphous silicon except for a portion masked by said
3 polysilicon layer; and
4 etching said protection layer and sacrificial layer except for poijtions
5 masked by said second mask layer to selectively expose said third and fourth
6 side surfaces and said portions of said upper surface and said first and second
7 side surfaces adjoining said third and fourth side surfaces of the substrate.
1 27. A method for manufacturing wrapped-gate transistors comprising
2 steps of:
3 forming first and secoﬁd silicon islands, each having an upper surface
4 and at least first and second side surfaces;



6 formng a filling oxide | ayer over said exposed insulating |ayer and said
7 pad layer; 8 planarizing to renove said pad | ayer to expose an upper
surface oWogaioes97D protection layer. 1 25. The nethod of e@Caiuso2a3enher ein
said step of formng a second 2 nmask |ayer conprising: 3 depositing a
masking material to cover said protection |ayer, 4* anorphous silicon and
filling layer; and 5 etching said masking material to formsaid second nask
| ayer. 1 26. The method of claim25, further conprising the steps of 2
removi ng sai d anor phous silicon except foR%9a portion nasked by said 3
polysilicon layer; and 4 etching said protection |ayer and sacrificial

| ayer except for portiopming aXirseakskihgliyyes & stlectiedy dxpoas polt@ypeof sl first

sel ectively expose said third and fourth 6 side surfaces and said portions
of said upfer sufife¥dslany said first and second 7 side surfaces adj oining
said thirdsand fourt hfo?ﬁt?lg sDtich A8 Sraf rebfdRs SELRSE &fuctivitg fypin BRENO for
manuf acturing w apped-gate transistors conprising 2 steps of. 3 formng
first and Secondesiokédmortions afiseid firsadicomaland gvithra apet regintf therebetweemd at

| east first and second sjde surfaces; WO 03/025977 29 PCT/ US02/ 69 5
forming a Pirst rraskif%é“"*“&;ﬂeﬁec‘?’lﬁi @%ﬁ?‘é WF%T%CEX?JWQS%WIP%@W%% id first
6 silicon 4igsl andgonfiQhg:- Ng source and drain regions of a first
conductivity type in said 8 exposed portions of said first silicon island
with a chdrinel ' regi oformhersetiet weddrain @gioos of nspcandenndnelivitigipelinyad t o

selective l%xpose 0 tci gor}aox%fo sgild%eéc;nﬁ%}licon island with a channel region

expose

13 therebetween;

14 ~ forming gate oxides on the upper surfaces and the first and second side

15 surfaces of said first and second silicon islands, respectively; and

16 forming gate electrodes on said gate oxides, respectively, such that

17 each gate electrode overlies its respective channel region from said upper

18 surface and said first and second side surfacés of its respective silicon island.
1 28. The method of claim 27, wherein said source and drain regions of
2 . the first and second conductivity types are formed by gas phase doping, plasma
3 “doping or angled ion implantation.

29. A method for manufacturing a wrapped-gate transistor comprising
the steps of:

formihg at least two trenches in an upper silicon substrate of an silicon-
on-insulation (SOI) substrate, wherein said at least two trenches are formed at
opposite ends of said upper silicon substrate and define first and second side
surfaces of said upper silicon substrate;

forming source/drain regions and a channel region therebetween within

said upper silicon substrate;

W X 3 G W K S R o

positioning a gate electrode over said channel region, said gate



10 silicon island; 11 form ng source and drain regions of a second
conductivity type in said 12 exposed portions of said second silicon

i sl and wiwb oaoedvannel region 13 therebetween; 14 form ng gaerasoxswes on the
upper surfaces and the first and second side 15 surfaces of said first and
second silicon islands, respectively; and 16 form ng gate el ectrodes on
sai d gate oxides, respectively, such that 17 each gate el ectrode overlies
its respective channel region fromsaid upper 18 surface and said first and
second side surfaces of its respective silsgon island. 1 28. The net hod of
claim 27, wherein said source and drain regions of 2 the first and second
conduct i vi 1§ t ypedecatode taeidife Sito Gath ARBGSt A@ANEOhd stledpBcesdf SRR LA OF

angl ed |on mpl antation. 1 29. A method for manufacturing a w app gate
transi stor Lonprl Wﬁ@$ﬂ§“?ﬁb steps of. 3 formng at |east two trenches in
an upper silicon substrate of an silicon- 4 on-insulation (SO) substrate,
wherein said at |least two trenches are forned at 5 opposite ends of said
upper silicon substrate and define first and second side 6 surfaces of said
upper silicon substrate; 7 form ng source/drain regions and a channel
region therebetween within 8 said upper silicon substrate; 9 positioning a
gate el ectrode over said channel region, said gate WO 03/ 025977 30

PCT/ US02/ 30369 10 el ectrode extending onto both said first and second side
surfaces of said upper 11 silicon substrate.



