WING GATE TRANSISTOR FOR INTEGRATED CIRCUITS BACKGROUND
FIELD OF THE INVENTION The present invention relates generally to
integrated circuits, and more particularly to reduced-size transistors.
BACKGROUND OF THE INVENTION The present invention relates
generally to electronics and more §articularllét:o electronic components.
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semiconductor substrates. These circuit elements are interconnected by
contacts and vias, which connect to patterned conductor layers which are

separated by various dielectriceﬁl&%r%gﬁ é itical objective of the
semiconductor industry has been ntinually decrease the size of

F?@ﬁ;j%p%q&%ﬁﬁqg increase performance and reduce cost for
applications

such as cellphones and portable CD players. As semiconductor
technblegychers syeaneestlamsrecieasly demisoiedrmiiosondantgtivntienlarly to
[JaAdsingthesizeQf the semiconductor devices to allow for increased levels
of circuit integration, improved performance, and higher density. As the
advancement in semiconductor technology accelerates according to Moore's
BlAVK GR@INID thE WORKIN®IBY Tione is to reduce the channel length of for

semlci%re]ductor dewceEF? SUCEL@% transq:l?,rsfb He(ff\:/v?ver as the size of 1% e
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transiStor s reduced, the panch- fFoUg periormance, threshold voltage ™~

ekeslicorfic apripstiaisshort channel effects become problematic. Performance of
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becoming a major concern. Moreover, for short-channel devices, the
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pwvetiddnohbecap érationdlicAarsaepiarrd bstodrtier desecontiayado be reduced

sigrepé asimgodduiter idteigeatio mpentfo neraeioeanandfdineditn opttiferapiisaizmresuch
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hgsagger? IgOc(l)(r)lggu?rlllédceo?lggrgrsaetioikglle(rje:lrl]lgil’rlleg ?lﬁ: size of the semiconductor devices to
allow for increased levels of circuit integration, improved performance, and higher density.

As the advancement in semiconductor technology accelerates according to Moore’s
Law, much of the work being done is to reduce the channel length of for semiconductor
devices such as transistors. However, as the size of the transistor is reduced, the punch-
through performance, threshold voltage roll-off, and other short channel effects become
problematic.

Performance of shrinking transistors, like off/on state current, threshold roll-off, etc.
are becoming a major concern. Moreover, for short-channel devices, the threshold voltage
and leakages are reaching the point where the transistors would not be operational.

As semiconductor devices continue to be reduced in size, it is clear that a
breakthrough solution to these problems is required for continued success in reducing
semiconductor device size and thus increasing device integration, performance, and function
while at the same time reducing cost.

Solutions to these problems have been long sought, but have also long eluded those

skilled in the art.



1 SUMMARY OF THE INVENTION The present invention provides a system
for forming a semiconductor device. Layers of gate dielectric material, gate
material, and cap material are formed on a semiconductor substrate. The
cap material and a portion of the gate material are processed to form a cap
and a gate body portioAUNMAG bt ERAINENT BINion is formed from a
remaining portion of the gate material. The gate dielectric material under a
port|&P%Pfﬁ%?%l‘ﬁ‘@je@ﬁ%Qr@&‘l‘@bédw%ﬁ% (?Q’?’é‘&é\?%'@lf@‘f@?ﬁﬁoé‘b“é(fée Layers
ofl @JMQeAritghﬁyeﬂapgdtéw&ﬁéd raifilisApimediin e fSemicondugiiconductor

ubstrat usm the Rortlop 1zj;md the Wlngl The resegt invention
substra mat IOHP the gate.materi laﬁe P]OC SSE f()rm aca% and
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place of those mentioned above. The advantages will become apparent to
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of a first spacer material layer; FIG. 4 is the structure of FIG. 3 after
ofSherstiBENEPRCArdtS5acthe przamagethuidtpgetie dPrIen! o dhesedkplsitiprihsrart

fiorhecapsispaceriryeslldwisg Gliétiha sleugiproniwhiéa. bialieniarmatenel & the
second)éﬁ cer: FIG. 7 is the structure of FIG. 6 after formation of a wing

AGAtEPH ‘f‘ﬁegs‘tructure of FIG. 7 after removing the second spacer and
exposure of the tips of the gate wings; FIG. 9 is the structure of FIG. 8 after

2 tho snucture of FTRTS Sl EHRbUA oY D BgU L e01ons: FIE- 20

FIG. 1 is a view of a semiconductor device in an intermediate stage of manufacture in
accordance with the present invention;

FIG. 2 is the structure of FIG. 1 after further processing of cap and gate material
layers;

FIG. 3 is the structure of FIG. 2 after deposition of a first spacer material layer;

FIG. 4 is the structure of FIG. 3 after formation of a first spacer;

FIG. 5 is the structure of FIG. 4 after deposition of a second spacer layer;

FIG. 6 is the structure of FIG. 5 after formation of a second spacer;

FIG. 7 is the structure of FIG. 6 after formation of a wing gate;

FIG. 8 is the structure of FIG. 7 after removing the second spacer and exposure of the
tips of the gate wings;

FIG. 9 is the structure of FIG. 8 after implantation of a dopant to form lightly-doped
source/drains regions;

FIG. 10 is the structure of FIG. 9 after removal of the first spacer;

FIG. 11 is the structure of FIG. 10 after salicidation;



FIG. 11 is the structure of FIG. 10 after salicidation; 2 FIG. 12 is the
semiconductor device completed in accordance with the present invention to
before formation of the source/drain and gate contacts; FIG. 13, is an

alternative metal gate embodiment of the present invention and FIG. 14 is a
flow diGrt b} dsnibehsehodardipidacersdncasudettdnte withrdaecpraddnthe present
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now to FIG. 1, therein is shown a semiconductor device 100, such as a
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in a semiconsuctiomsibstrate: INZhsdiol aarmkitioenisuestidigcandth the present
ilp%%%e%sing performed to form a gate dielectric layer 104, such as a silicon

dioxide or nitrided oxide. A gate material layer 106, such as amorphous or

polycrystalline silicon, has been deposited on the gate dielectric layer 104,

and a cap matgeri itri ited on the gate
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Invention may be practiced without these specific details. In order to avoi
magssl g theopresent invention, some well-known system configurations and
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defined with respect to the horizontal plane.
and description thereof like features one to another will ordinarily be described with like

reference numerals.

Likewise, in the following description, numerous specific details are given to provide
a thorough understanding of the invention. However, it will apparent that the invention may
be practiced without these specific details. In order to avoid obscuring the present invention,
some well-known system configurations and process steps are not disclosed in detail.

The term “horizontal” as used herein is defined as a plane parallel to the conventional
plane or surface of the semiconductor substrate, regardless of its orientation. The term
“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as
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on”, “above”, “below”, “bottom”, “top”, “over”, and “under”, are defined with respect to the
horizontal plane.

Referring now to FIG. 2, therein is shown the structure of FIG. 1 after further
processing of the cap and gate material layers 106 and 108. A mask (not shown) has been
deposited and processed for the etching of the cap material layer 108 to form a cap 200. The

cap 200 is used as a mask for the etching of the gate material layer 106 to form a gate body
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Referring now to FIG. 2, therein is shown the structure of FIG. 1 after further

processing of the cap and gate material layers 106 and 108. A mask (nhot

shown) has been deposited and processed for the etching of the cap

material layer 108 to form a cap 200. The cap 200 is used as a mask for the
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material, accurate optical measurement of the width of the gate body portion
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Referring now to FIG. 6, therein is shown the structure of FIG. 5 after

formdtdRraranSedBidGpadkiends WneRdthaBEERA 'SPt BE6 fsrortianar 2
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d Rickness of the second Spacer layer 500 determines the width of the second
Referring now to FIG. 6, therein is shown the structure of FIG. 5 after formation of a
second spacer 600. Where the second spacer 600 is of oxide, anisotropic oxide etching is
used that stops on the thin amorphous or polycrystalline silicon material of the gate thin layer
portion 204.

The thickness of the second spacer layer 500 determines the width of the second
spacer 600 and hence the length of the wing in accordance with the present invention. The
thickness is preferably in the range of from 50 to 800 A.

The present invention provides a method of forming a wing gate without major
changes to a conventional process flow through the use of the first and second spacers 400
and 600. This also provides good control of the amount of wing protrusion and of the source,
drain, and emitter (SDE) profile.

Referring now to FIG. 7, therein is shown the structure of FIG. 6 after formation of a

wing gate 700 from the gate thin layer portion 204. Anisotropic etching of the amorphous or



spacer 600 and hence the length of the wing in accordance with the present
invention. The thickness is preferably in the range of from 50 to 800 A. The
present invention provides a method of forming a wing gate without major
changes to a conventional process flow through the use of the first and
pebenithdmacdisoadayerd BoRathibialeyoprnidus2ydcdrvat oy dheriecantotnacer

60 YiIRs HOTMSIRMaNTolingsSQHE s aiN, and emitter (SDE) profile.
Referring. now to FIG. 7, therein is shown the structure of FIG. 6 after
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doped drain/source (LDD) regions 900. It has been further discovered that
beine WirstraHYLOPeAY RSt G 7092 sE%he LDD regions 900 to be
gradattaitiha @ePANFIG. 9, therein is shown the structure of FIG. 8 after implantation to

form lightly doped drain/source (LDD) regions 900. It has been further discovered that the
overhangs of the gate wings 702 cause the LDD regions 900 to be graded with a dopant
concentration gradually increasing away from the gate dielectric 800 and substantially
increasing away from the overhang of the gate wings 702.

Referring now to FIG. 10, therein is shown the structure of FIG. 9 after removal of the
first spacer 400. Where the first spacer 400 is a nitride, a nitride strip is used. After nitride
strip, in manufacturing transistors, a further gate processing, an amorphous or polycrystalline
silicon re-oxidation, is used to improve transistor lifetimes and gate dielectric reliability due
to higher fields occurring at the etched polycrystalline silicon transistor edges.

A further spacer material layer (not shown), such as an oxide formed by TEOS
deposition, is deposited and etched to form a further spacer 1000. The further spacer 1000 is
used for the implantation of source/drain regions 1002. The source/drain regions 1002 and

the LDD regions 900 form a three-step source/drain profile.



concentration gradually increasing away from the gate dielectric 800 and
substantially increasing away from the overhang of the gate wings 702.
Referring now to FIG. 10, therein is shown the structure of FIG. 9 after
removal of the first spacer 400. Where the first spacer 400 is a nitride, a
nitridé striors skl mATre fhaitpitte hasripedn mdheifcngiing tpankesided) actiipiiesf a
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now to FIG. 11, therein is shown the structure of FIG. 10 after salicidation to
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P e g O B B e (PMD) 1200 has
beenRidpositetoover HHE stridictureiof IFIghown an alternative metal gate embodiment

1300 of the present invention. The structure of FIG. 12 is subject to chemical mechanical
polishing (CMP) until the silicide 1100 over the gate body portion 202 is removed. The gate
body portion 202 is anisotropically etched for a fixed time, followed by chemical vapor
deposition (CVD) of a metal contact 1302, of a material such as Tungsten (W), to be self-
aligned over the wing gate 700. A metal CMP is then performed which stops on the PMD
1200.

Referring now to FIG. 14, therein is shown a method 1400 for manufacturing the
semiconductor device 100 in accordance with the present invention. The method 1400
includes: a block 1402 of forming layers of gate dielectric material, gate material, and cap
material on a semiconductor substrate; a block 1404 where the cap material and a portion of
the gate material are processed to form a cap and a gate body portion; a block 1406 where a

wing is formed on the gate body portion from the remaining portion of the gate material; a



11, and a fixed-time or end point controlled chemical mechanical polishing
(CMP) has been performed to expose the silicide 1100 over the gate wings
702. Referring now to FIG. 13, therein is shown an alternative metal gate
embodiment 1300 of the present invention. The structure of FIG. 12 is
blaglsjé¢3ordiseniheatairedicteqivsl npstisHinadee MPYrierihdsieideon oo geiepody
py?ﬁogafﬁ RABNROTHOR D2 | £WM%griIh§1ﬂaﬁe bt&ﬁﬂ@@()ﬂ%&Qzaisiightly—doped

anisotropically etched for a fixed time, followed by chemical vapor deposition
QB Y d i RtRrd Rt LEHSOBA AR U g Ay BATPP gy hand the
wsedf- aligned over the wing gate 700. A metal CMP is then performed which

stop the PMD .1200. Referring.now to FIG. 14, therein is shown a -
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a semiconductor substrate; a block 140fwhere the cap material and a
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irpQurdianclaiblock Il 4Qbsvhenefatiwiisgris doumachdn thegaterpogynpalitionnirone to
oifigLemaining, paftian e heaate malcrial, a0 block 1408 where the gate

dlefe tric materia un?]ter a portion 0 hé wing on the gate body portion is
removed to form a gate dielectric; and a block 1410 where a lightly-doped
source/drain is formed in the semiconductor substrate using the gate body
portion and the wing. While the invention has been described in conjunction
with a specific best mode, it is to be understood that many alternatives,
modifications, and variations will be apparent to those skilled in the art in
light of the aforegoing description. Accordingly, it is intended to embrace all
such alternatives, modifications, and variations which fall within the scope of
the included claims. All matters set forth herein or shown in the
accompanying drawings are to be interpreted in an illustrative and
non-limiting sense. 7 The invention claimed is: 1. A manufacturing method for
a semiconductor device comprising: forming layers of gate dielectric material,
gate material, and cap material on a



semiconductor substrate; processing the cap material and a portion of the

gate material to form a cap and a gate body portion; forming a wing on the

gate body portion from a remaining portion of the gate material; removing the

gate dielectric material under a portion of the wing on the gate body portion
Ths fovantogateidisléstric; and forming a lightly-doped source/drain region in

the semiconductor substrate using the gate body portion and the wing. 2.

The methodAasslaimediing elaimodlivhekeiictoruing teeivengnpakites

rounding, he pu(sids edge therent. 3, Ts methedas damed in Sail diat on

further contprising: orl’%lng a |rstrspacer arodnd the gat€ body portion and

over the rersiiniegdyeitionistraise gate material and the gate dielectric

mate Bﬁléé&@ﬂlg%@&?ﬁ Me@h&'ﬁ[d%‘)&ﬁ%ﬁ%ﬁ&ﬁ/{%@ mrggianaeditionalyaHeingate
the first spacer. 4. The method as claimed in claim 1 further comprising:
forming a firdSPREPEround the gate body portion and over the remaining
porticorafine gale: noateial.ardgdte shakeatriomatakalaifonmipg@osecdritk gate
spacer aroulplgttggl,ﬁrst spacer; removing the remaining portion of the gate
material excep? under the first spacer, the second spacer, and the cap; and
removimythie datezdlic eleitrmaneitallinadsr theportionf dheheing i rémesteody

the gate difﬁl&g{;}gg}g}g{ig%&@@lg@@ié@gﬁnd spacer. 5. The method as
claimed in claim 4 further comprising: forming a third spacer around the gate

body 195HiBA AHEhe R SRESEITAIMITE 4R DM THERAICL U8 LG thae the
second spagak Ebdihemethed @s wiained in claim 4 further comprising:
removing the first spacer and the second spacer; s forming a further spacer
arour¥d the date bedippodtichiamnd tire gate dlelebtrignafmming the wing includes

rounding the outside edge thereof.

3. The method as claimed in claim 1 further comprising:
forming a first spacer around the gate body portion and over the remaining portion of
the gate material and the gate dielectric material; and

forming the lightly-doped source/drain region additionally using the first spacer.

4. The method as claimed in claim 1 further comprising:

forming a first spacer around the gate body portion and over the remaining portion of
the gate material and gate dielectric material;

forming a second spacer around the first spacer;

removing the remaining portion of the gate material except under the first spacer, the
second spacer, and the cap; and

removing the gate dielectric material under the portion of the wing removes the gate

dielectric material under the second spacer.

5. The method as claimed in claim 4 further comprising:
forming a third spacer around the gate body portion and the gate dielectric; and

removing the first spacer and the second spacer.

6. The method as claimed in claim 4 further comprising:

removing the first spacer and the second spacer;



forming a source/drain region in the semiconductor substrate using the
further spacer. 7. The method as claimed in claim 1 further comprising
forming a metal contact over the gate body portion. 8. A manufacturing
method for a semiconductor device comprising: forming layers of silicon

dioxiderongiitisthendiprs enaneial theraaigobrslyorti goiydrhstatindisifieos; ard

nitride.camh MaleniRL Rk sUiconisvRSIRiRoRIRESSSIDAthe RifidgcrapIDaAlsKial.

and a portion of the amorphous or polycrystalline silicon to form a nitride cap

and an amcorpbewushot pekaiystallingagii dofugatiec dmnshys priteniifgrinitgaatontact
O\%pglgahggﬁo poll){l%rlystalline silicon wing on the amorphous or

polycrﬁsta ing gi?lcon'gate body portion from a remaining portion of the

amorghous QrpAYGRSRING #iHges s ARARAIRAUS R ReErystalline
silicon wing gate; removing the silicon dioxide or nitrided oxide material under

a portfSA BthiaY SindthhblisoBr FORIER stanfE Shtborrbte Wit to RO gteOr
dielectric; fpomurgsalligbityi:capandsatice dpaimtaginonin die sanbeondLictor
substrate using.the.amorphous or polycrystalline silicon wi ate; and :
rormitt o O o e e B R e PR ryatine
silicon wingidjeta.t9 fTine aetidsdcar didimedriorphairn & whigeaistddimmisgapregate
amorphous 3 pplygrystalline silicon gate wing includes rounding the outside
edge thereof using a high temperature/high pressure oxidation. 10. The

meth&IBLE I AMEPHRINH 8 R LtHBKsIFYCP8rmiig aCRittife AFATBRAEE T
around the ponigh@umerspRlycrysiallinesioatgatenbadyparion psddaver the

the remaining portion of the amorphous.or polycrystalline silicon and the )
Ko o O St Sl BB ratine
source/drainihegioniagiditionally using the nitride first spacer. 9 11. The

meth%ﬁ%iﬁ?im@%ﬁ%}ﬁiﬁﬁb%&%f%l%ﬁﬁﬂé@”c%‘& material under a portion of the

amorphous or polycrystalline silicon gate wing to form a gate dielectric;
forming a lightly-doped source/drain region in the semiconductor substrate using the
amorphous or polycrystalline silicon wing gate; and
forming a poly metal dielectric layer over the amorphous or polycrystalline silicon

wing gate.

9. The method as claimed in claim 8 wherein forming the amorphous or
polycrystalline silicon gate wing includes rounding the outside edge thereof using a high

temperature/high pressure oxidation.

10. The method as claimed in claim 8 further comprising:

forming a nitride first spacer around the amorphous or polycrystalline silicon gate
body portion and over the remaining portion of the amorphous or
polycrystalline silicon and the silicon dioxide or nitrided oxide material; and

forming the lightly-doped source/drain region additionally using the nitride first

spacer.



forming a nitride first spacer around the amorphous or polycrystalline silicon
gate body portion and over the amorphous or polycrystalline silicon and
silicon dioxide or nitrided oxide material; forming an oxide second spacer
around the nitride first spacer; removing the remaining portion of the
amorphous Brepofyeedstatinarsdivorerdebrthmdemmieingride first spacer, the

0Xidef§ﬁﬁﬁ§dasfﬂﬁﬁfer fﬁtﬁdsﬂa@ef‘iﬁ'ij&iﬁl&?@% %HQ@%HQ‘HPQ&H&%‘@Q%@@@QE Qhte
nitrided oxide material removes the silicon dioxide or nitrided oxide material
under the oRRIE SOCERTH AL forMAPHaYS Qiehobtry spdinendlicpitng gdicon
claimed in d@iridt bifuithiésdcamjerisingiakemoving the nitride first spacer and

the 0%%9&%%%%%0' -EE’%‘&%ﬁi@%‘é{&%ﬁ‘g&ﬁr&%%?&iqgf?r‘;t”s‘ea@er{‘;mph°“~“? or
polycrystalline siicon gate including an amorphous or polycrystalline

re-oxidaomprbeassaiigng perrvatied dhasaolainiedsimiceatyciybthilikeesilicon except

comprising:, faeaying e FﬁiHiQ&JE?ftl?ep@ﬁ@E angddh @p@é@ﬁ%ﬁ?ﬁf&ﬂﬁtﬁ@@% 7and
forming an_oxide further spacer around the amorphous or polycrystalline
silicoFF G at e g tE R iriridrd I8idh iﬁ]@tﬁr@b{ﬁ@@]&?&ﬁ? REIOR FiPEide or
semiconduainridibstiadanasirigl ihgaxideokidtherospapaderkd fdireapathadlasric.
claimed in claim 8 further comprising forming a metal contact over the
amorphous Brepotyeedstadinasilivonagate! fodiep optiomisi®: A semiconductor

deVi?{%ﬁQUi‘lﬁ’g iﬁi@ﬁitrﬁiéﬁ?@ﬂ%ﬁ%ﬁiﬁ%‘ftﬁb‘@%{&@t&b&ﬁ%ﬁ&i‘?'ﬁf&ric on the
semiconductor substrate, the gate dielectric having a first_width; a vvlngwgi;ate

on th&'gate Blerscttie tHe'lsird GARBRAVIRP AUt tioH aRrGRiEr A igean
first width ansl@gaie wipglyigefathenrthexfiaionipit;eand a lightly-doped
source/drain region in the semiconductor substrate adjacent the gate
dieledttic. 18hT hetbedrsohduedon device aidhaimeniiriseigim 15 further

CoMpi&|Bem ARPATRIMAeL AR g destwidihand gositoned around the
wing 1gate_; and L
orming an oxide further spacer around the amorphous or polycrystalline silicon gate
and the gate dielectric; and
forming a source/drain region in the semiconductor substrate using the oxide further

spacer.

14. The method as claimed in claim 8 further comprising forming a metal contact

over the amorphous or polycrystalline silicon gate body portion.

15. A semiconductor device comprising:

a semiconductor substrate;

a gate dielectric on the semiconductor substrate, the gate dielectric having a first
width;

a wing gate on the gate dielectric, the wing gate having a body portion narrower than
the first width and a gate wing wider than the first width; and

a lightly-doped source/drain region in the semiconductor substrate adjacent the gate

dielectric.

16. The semiconductor device as claimed in claim 15 further comprising:

a spacer wider than the first width and positioned around the wing gate; and

10



10 a source/drain region in the semiconductor substrate adjacent the spacer
and connected to the lightly-doped source/drain region. 17. The
semiconductor device as claimed in claim 15 wherein: the wing gate
comprises the gate wing having a rounded tip. 18. The semiconductor device
as claimeerés/étaimn E8ifartiertto mprisipiueion etdistaimadioca tihee wipgger and

gate. 19. A é&{ﬂé‘é%%@ﬁ@rlféﬁbﬂﬁéd%ém%@%aﬁm siicon substrate; a gate
dielectric on the silicon substrate, the gate dielectric having a first width; a

wing tgate omhhegadtendielectdisithaswingngaie ahiamcrphetesmor
ponC{lyés'%%IIIlineatsilggonrkilsa\sli{g}g aagovg%gh)gtvion narrows t}han the first width and
a gate wmgg\%ncfer than the first widt ; and & ﬁg%tﬂ/- op%d source/drain region
in the, gilicorguishiale ALiBFan; the Jalefig g CliEm 48l SEsRipRAdLCtor

device as claimed in claim 19 further comprising: an oxide spacer wider than
the fifsPWRIFPRRE SESitBHET & Md the wing gate; and a source/drain region
in thelgilico Sslér%%%at gtg)lad:e%pctetpe oxidlg spacer and connected to the
lightly-doped source/drain region. PPThEEsemiconductor device as claimed
in claimii®@ndwbeginic; the wing gate comprises the gate wing having a

roun Miéle%%%ﬂ’ﬁ@éﬂ&%ﬁ'%é&a@é?tﬁé‘@.ﬁé‘cﬁbﬁ@%i%tﬁa%@%e@ﬁ%gtﬂ?e
lightly-doped source/drain region; and an oxide spacer wider than the first
width®aliPp ositioRe d"ar8 A d tHEWifig fatkingh S xRic Bl Akt s R iRt talline
with the gatewiigHo fogm Bolyreeratepnsawres/ dianthprofievatithend a gate wing
Iightly-dopegv .ﬁQU{ce/%g%rte‘gigp _arrllq the source/drain region. 22. The

. 1 han A . L.
semiconduclor device as claimed in claim 19 further comprising: a metal

contactiphidy-teeddodyrpdrion wizibe iwihg glaten gubstrate adjacent the gate dielectric.

20. The semiconductor device as claimed in claim 19 further comprising:
an oxide spacer wider than the first width and positioned around the wing gate; and
a source/drain region in the silicon substrate adjacent the oxide spacer and connected

to the lightly-doped source/drain region.

21. The semiconductor device as claimed in claim 19 wherein:

the wing gate comprises the gate wing having a rounded tip;

a source/drain region in the silicon substrate connected to the lightly-doped
source/drain region; and

an oxide spacer wider than the first width and positioned around the wing gate, the
oxide spacer cooperating with the gate wing to form a three-step source/drain

profile of the lightly-doped source/drain region and the source/drain region.

22. The semiconductor device as claimed in claim 19 further comprising:

a metal contact over the body portion of the wing gate.
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